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PREFACE AND ACKNOWLEDGMENTS

eological catastrophes are back in fashion. Fossil bones have rarely

been out of fashion, particularly if they belong to dinosaurs. But
only in the past twenty years have earth scientists felt able to explore the
possibilities of linking the two, without fear of being dismissed as mav-
ericks or cranks. In doing so, they are—whether they know it or not—
reviving ideas that were first made the center of scientific debate by
Georges Cuvier, just two hundred years ago.

Georges Cuvier (1769-1832) was by any reckoning a towering figure
in early nineteenth-century science. Although he was primarily a com-
parative anatomist, and one of outstanding importance in the history of
biology, his pioneer research on fossi/ mammals led him into what was
then the self-consciously new science of geology. He argued strongly for
the reality of extinction, and he linked this with a view of geological
change that stressed the effects of occasional sudden physical events or
“catastrophes” at the earth’s surface. He was not the first to propound
this kind of “catastrophism” (as it was later termed), but his arguments
gave it powerful support and continued to be influential long after his
death. More generally, however, Cuvier saw his research as “bursting the
limits of time,” by making it possible to reconstruct a reliable and de-
tailed history of the earth and its life, back beyond the most recent “catas-
trophe” and long before the beginnings of human records or even the ex-
istence of human beings. This “geohistorical” perspective (as it would
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now be called) was arguably an even more important legacy to science
than his catastrophism.

Cuvier’s published papers made these themes widely known among
those who would now be called scientists, but his work had a far wider
impact than that. In particular, the eloquent “Preliminary discourse”
that he prefixed to his great four-volume Recherches sur les ossemens fossiles
(Researches on fossil bones, 1812) was easily accessible to any educated per-
son, and it was immensely influential in the intellectual life of the West-
ern world for the rest of the century. It was reissued as a short book, re-
peatedly reprinted, and translated into all the main scientific languages of
the day. In addition to its arguments for geological “catastrophes” in the
distant past, its treatment of extinction and adamant rejection of “trans-
formist” explanations of the origin of species were vital components of
the evolutionary debates that continued throughout the century.

Historical understanding and appreciation of Cuvier’s work was until
recently stultified by the perception that he had been doubly on the
wrong side: wrong in his opposition to organic evolution and wrong in his
claims for the reality of catastrophes. But modern approaches to the his-
tory of science, reinforced by the renewed acceptability of catastrophism
among modern scientists, have now begun to restore Cuvier to his proper
and prominent place in the history of science. It has been difficult, how-
ever, for nonspecialists to understand or appreciate the huge impact of
his work, in the absence of an accessible edition of the relevant texts.
This volume is designed to fill that striking gap in the literature available
to English-speaking geologists and paleontologists, historians of science
and intellectual historians, and students in those fields. It offers in trans-
lation not only the first edition of the “Preliminary discourse” itself, but
also a selection of earlier articles and lectures; and these texts are accom-
panied by reproductions of some of the original illustrations.

This historical material is set in context by an editorial narrative and
commentary. My aim has been to provide just enough biographical back-
ground and explanation of the texts, to allow Cuvier’s words and images
to speak for themselves. Specifically, I have tried to bear in mind the very
different background knowledge of, say, geologists and paleontologists
on the one hand, and historians of science and nineteenth-century cul-
ture on the other. This book is not a biography of Cuvier, nor does it
even claim to be a definitive account of his work on fossils; so I have not
thought it appropriate to document every point with references to the
specialist historical literature. The most important sources, however, are
described briefly in “Further Reading.” I have also identified the publica-

tions that Cuvier cited — often in cryptic, abbreviated form —in his texts
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and footnotes; they are assembled here in a bibliography in modern style,
to facilitate further reference.

The texts have been selected primarily to illustrate Cuvier’s geological,
not his zoological, work. But in his publications there was much overlap
between those two fields, for reasons that will be clear in the texts them-
selves. Zoologists and historians of biology will therefore find here many
of Cuvier’s most important theoretical statements about the relation be-
tween form and function in the living organism, about the reality and
significance of extinction, and about the implausibility of the kind of evo-
lutionary theory that was being propounded during his lifetime. (If this
book is not primarily about Cuvier’s biology, still less is it concerned, ex-
cept indirectly and in passing, with his work on the human sciences; it
has no bearing on arguments over his position in relation to such mod-
ern concepts as racism and sexism.)

As far as | am aware, most of the shorter texts printed in this volume
have never previously been available in English, and the few that ap-
peared in British periodicals in Cuviers time were poorly translated. I
have made new translations of them all (two from German, all the others
from French). Two brief but important texts have never been published
even in their original French; in these cases the manuscripts (now in
archives in Paris) are transcribed in an appendix.

By contrast, the “Preliminary discourse” has been well known in the
English-speaking wortld through the translation that was commissioned
by Robert Jameson, the Edinburgh professor whose boring manner later
gave the young Charles Darwin a temporary aversion to geology. Jame-
son’s edition of Cuvier’s “Preliminary discourse” was first published in
1813, the year after the French original, and it was repeatedly updated and
enlarged; it has been reprinted in the twentieth century, and has been
used by many of the English-speaking historians who have written about
Cuvier’s work. That its style and diction are archaic would not matter
much, but unfortunately the translation is often misleading and in places
downright bad. I have therefore made a completely new translation into
modern English. Even more seriously, however, Jameson’s prefaces and
his extensive editorial notes have been responsible for major distortions
in the understanding of Cuvier’s ideas, at least in the anglophone world.
In particular, it was Jameson’s comments, rather than Cuvier’s own text,
that led to the widespread belief that Cuvier had constructed his theories
in order to support a literalistic interpretation of Genesis or to bolster the
historicity of the biblical story of the Flood. I hope my translation will
help to correct that gross misconception.

The preparation of this edition has taken me back many years to my

xi
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first encounter with Cuvier’s work on fossils. At that time [ was a paleon-
tologist, not a historian, and my initial interest in Cuvier was strictly sci-
entific. E. S. Russell’s great classic work Form and function (1916) had
given me the clue that Cuvier’s work, despite being antievolutionary and
pre-Darwinian, might contain ideas that I could usefully apply in my
own research on the functional evolution of some fossil invertebrates (the
brachiopods). That hope was fulfilled beyond all my expectations: it
turned out to be well worthwhile for an evolutionary paleontologist to
become—at least for a time—imaginatively a pre-Darwinian.

My excursion into history had an unforeseen consequence. Cuvier’s
superb engravings of fossil bones, and the dusty, musty tomes in which I
read his work, began to be as alluring to me as the beautiful sculptural
shapes of fossil brachiopods. At the same time, and not by coincidence,
the intellectual challenges of the history of science began to be as com-
pelling as those of paleontology. Eventually, several years later, practical
constraints forced me to choose between those two equally fascinating
fields of research. I still feel a soft spot for Cuvier, as the historical figure
who nudged me toward that point of decision.

Of all the friends and colleagues to whom I am grateful for help with this
project, William Coleman was literally first and foremost. He generously
shared with me his unrivalled knowledge of Cuvier’s work, while he was
writing his pioneering book Georges Cuvier zoologist (1964). His infec-
tious enthusiasm for the history of science, and particularly for Cuvier
studies (though he told me he had grown to dislike Cuvier the man),
helped make me decide to become a historian of science too. I dedicate
this book to his memory, as an inadequate token of what I owe him.

Other Cuvier scholars—and, equally, those primarily interested in his
great opponent Lamarck or more generally in the history of geology and
paleontology—have helped and encouraged me in ways too various to
specify here. Among them are Michael Benton (Bristol), Chip Burkhardt
(Urbana), Claudine Cohen (Paris), Pietro Corsi (Florence), Frangois
Ellenberger (Paris), Gabriel Gohau (Paris), Steve Gould (Cambridge,
Mass.), Goulven Laurent (Angers), Dorinda Outram (Cambridge),
Rhoda Rappaport (Poughkeepsie), Jim Secord (Cambridge), Ken Taylor
(Norman, Okla.), and Bert Theunissen (Utrecht). Paul Pickowicz (San
Diego) kindly helped me with Chinese history, and Noel Swerdlow (Chi-
cago) with astronomy.

Charis Cussins (Ithaca, N.Y.) has worked closely with me on most of
the translations. She has suggested literally hundreds of possible improve-
ments—both stylistic and semantic—to my draft translations from the
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French; we have discussed them in detail, and the texts reflect her invalu-
able contributions, but of course I take full responsibility for the final
choice of words.

This book is part of a larger project to explore the emergence of a sense
of the history of the earth—and specifically of a long and complex prehu-
man geohistory—in the late eighteenth and early nineteenth centuries.
The great Devonian controversy (1985) traces the course of one particularly
knotty problem in great technical detail; it is intended in part to show
the kind of expert argument that lay behind the construction of every
part of geohistory. Conversely, Scenes from deep time (1992) explores the
origins of the new pictorial genre— of reconstructed “prehistoric mon-
sters” in their environments—which first made that sense of geohistory
vividly real to the general public. The present book focuses on the work
of the person who, in my opinion, was one of the two most important
figures in the larger story (a series of eatlier articles dealt with the other,
Charles Lyell). A future volume will, I hope, place both Cuvier’s and
Lyell’s work in its context, by reconstituting the research practices that
enabled them and many others to work out how to construct a history of
the earth and its life on reliable foundations.

This long-term project has been generously supported for many
years by grants from the National Science Foundation (SES-8705907/
8896206, DIR-9021695, and SBR-9319955) and from the Academic Sen-
ate of the University of California, San Diego. While I was completing
the present book in 1994—-95, my work was also supported by a fellow-
ship from the John Simon Guggenheim Memorial Foundation, a Uni-
versity of California President’s Fellowship in the Humanities, and a vis-
iting fellowship at Clare Hall, University of Cambridge.

I am grateful to the librarians and staff at the libraries of the Institut de
France and the Muséum National d’Histoire Naturelle in Paris, for giv-
ing me access to their rich Cuvier archives, and for permission to print
transcriptions of two previously unpublished manuscripts. The latter li-
brary has also generously given permission for the reproduction of two
of Cuvier’s manuscript drawings (figs. 8, 11). Other illustrations are re-
produced from printed sources by kind permission of the Syndics of
Cambridge University Library (figs. 4—7, 9, 10, 12, 14, 16 -19, 23, 24); the
remainder are by the author.

Finally, I am, as always, grateful beyond measure to Susan Abrams
for her support and encouragement: her editorial skill and judgment,
linked to the outstanding work of her colleagues, have rightly given the
University of Chicago Press an unparalleled reputation among historians
of science.
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NOTES ON THE TEXTS

ranslation is ultimately an impossible art, and scientific texts are

hardly less impossible to translate satisfactorily than literary ones. I
have aimed at translations that are as close as can be to what I believe to
have been Cuvier’s meaning, in the light of his other work and that of his
contemporaries. (I do not subscribe to the current fashions of postmod-
ernism, at least in the cop-out forms that deny the accessibility, rele-
vance, or even existence of authorial intentions.) Where Cuvier’s mean-
ing was difficult to express in simple English—the translator’s perennial
dilemma—my compromises have leaned toward clarity of meaning
rather than elegance of style. I have not hesitated to split his often over-
long sentences, to run together his often overshort paragraphs, and to
make other such adjustments that I judged would improve the readabil-
ity of the whole. A few editorial additions of words that clarify the mean-
ing are enclosed in brackets.

I have given particular care to the translation of Cuvier’s key terms
and phrases, and above all to those that embody his key metaphors; in
such cases his own words are recorded, also in brackets. Readers who want
to check the translations in greater detail can of course consult the origi-
nal texts: several are available in modern reprints (see “Further Read-
ing”), most of the others can be found in libraries that hold early nine-
teenth-century periodicals, and the two that have not been published
previously are printed in an appendix in this volume.
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NOTES ON THE TEXTS

I have thought it inappropriate in this historical work to try to give
the correct modern names of all the fossil genera and species mentioned
by Cuvier; to do so would in many cases have involved a quite different
kind of historical research, on his original specimens. Readers who are
paleontologists should have little difficulty in recognizing, at least ap-
proximately, what kinds of fossil Cuvier had in mind. Likewise I have
followed the custom of Cuvier (and his contemporaries) in often citing
the names of fossil animals informally, without italics or initial capitals.

References to works cited by Cuvier, and others mentioned in the ed-
itorial sections, are given in the footnotes in abbreviated form; the “Bib-
liography of Cuvier’s Sources” lists them in full. Footnotes to the texts are
by Cuvier, except for editorial material enclosed in brackets.

Readers familiar with French will notice that Cuvier, like his contem-
poraries, used some now obsolete forms of spelling (e.g. the “ossemens”
in the title of his most famous work); I have of course followed his
spelling scrupulously in my transcriptions of unpublished texts (appen-
dix) and in the French words that I note in my translations.



THE THEORY OF THE EARTH

eorges Cuvier was born in 1769 in the town of Montbéliard, which
was at that time the center of a small French-speaking Protestant
territory belonging to the duchy of Wiirttemberg.! This in turn was one
of the many separate states that were united in the following century to
form what is now Germany. So when, as a young man, Cuvier arrived in
Paris to make a career for himself in the sciences, he was doubly an out-
sider. He was not a Frenchman by birth, though he had found himself
becoming one when Montbéliard was annexed by France during the
Revolution; and his cultural affinities were with the small Protestant mi-
nority in France, rather than with the dominant Catholic culture that
most of his Parisian colleagues— even if they were strongly anticlerical —
had in their bones.
On the other hand, his origins gave him one great advantage. His
modest bourgeois family, and particularly his mother, had the ambition
and respect for education that were common in that social class, and

1. He was baptized Jean-Léopold-Nicholas-Frédéric, and much later added Dagobert; but after
his elder brother Georges Charles Henri died in early childhood he adopted the name Georges, and
used it—usually on its own—throughout his life. It is not difficult to imagine how that confused
identity could have contributed to his unquestionably complex personality. The section “Further
Reading” describes the main historical works on which the biographical outlines in this book have

been based.
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CHAPTER ONE

FIGURE 1 A portrait sketch of the young Cuvier, possibly drawn when he left home to
become a student in Stutrgart. This lithograph was made— probably much later —from
a drawing by Cuvier’s uncle, the municipal architect in Montbéliard.

soon recognized Cuvier’s exceptional talents. As a teenager he gained a
place at Wiirttemberg’s main institution of higher education, the Karls-
schule in Stuttgart (fig. 1). There he received a rigorous training in a broad
range of subjects that were regarded as useful for the state’s future civil ser-
vants. Some scientific subjects were included, and these added to Cuvier’s
already active interests in natural history. Above all, however, he had to
become fluent in German, which made a second major European culture
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accessible to him. It was an advantage shared by few of his future French
colleagues, most of whom were complacent in their command of what
was then the world’s premier scientific language, just as many English-
speaking scientists are today.

When Cuvier graduated, no official position was immediately avail-
able for him in Wiirttemberg, yet he needed to support his parents. Like
some other young intellectuals in that situation, he therefore took em-
ployment as a private tutor in an aristocratic family. In Cuvier’s case the
family was that of the duke d’Hericy, a Protestant nobleman with estates
in Normandy. The position took Cuvier for the first time to France. Liv-
ing in Caen, a lively cultural center, he was by no means isolated intel-
lectually, and since his tutoring duties were not onerous he had plenty of
time for natural history.

The outbreak of the French Revolution in 1789 hardly affected him at
first; like many others of his generation throughout Europe, he was en-
thusiastic about the fall of the absolutist Old Regime. Later, however,
as the Revolution lurched into its most radical phase, Cuvier witnessed
scenes of atrocity that reinforced his profound horror of violence and so-
cial unrest, and his strongly rooted preference for firm government and
social order and stability. As the political turmoil increased, his employ-
ers prudently withdrew from Caen to their country house near Fécamp.
The revolutionary regime penetrated even to this rural fastness, though
the d’Hericys were not harassed or persecuted. Cuvier even held an official
position in the tiny community around their chateau: this was the first of
many instances in which—following Lutheran tradition—he served the
established political order, even when it was personally uncongenial. Al-
though more isolated than in Caen, he still received scientific journals
from Paris, and continued to correspond with some of his old friends and
contemporaries in the German-speaking world.

Cuvier’s first significant recorded geological comments came in two of
the letters he wrote at this time to Christian Pfaff, a friend from his Stuct-
gart days (texts 1, 2).2 These letters were not at all personal, and were
probably handed round among his friends and others in Germany inter-
ested in the sciences, although they were not formally published until af-
ter Cuvier’s death. They included detailed accounts of his own scientific
activities; wide-ranging surveys of current work by others, as described in
the scientific journals he was getting from Paris; and often lengthy re-
ports, and Cuvier’s comments, on current political affairs.

2. Christian Heinrich Pfaff (1773-1852) was later professor of medicine, physics, and chemistry
at the University of Kiel.
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In both letters the topics that would now be called geological were
given the heading “mineralogy.” That term still retained its traditional
broad meaning, as one of the three primary divisions of “natural his-
tory”: just as zoology and botany dealt with the description and classifi-
cation of the animal and plant worlds, so mineralogy dealt with the same
aspects of the inorganic terrestrial world. In the first letter, mineralogy
was sandwiched between botany and zoology; in the second, between
botany and chemistry. The texts give at least a glimpse of the way Cuvier
was doing geological fieldwork, and even perhaps some mineralogical
chemistry, in addition to wide reading of current scientific publications.

In the first letter (text 1), Cuvier described the geology of Normandy.
While his remarks on the wider setting are likely to be derived from what
he had read, his account of the Chalk plateau and coastal cliffs is clearly
based on his own fieldwork there. The area is described in a style explicitly
modeled on Abraham Werner (1750-1817), the already famous teacher
at the great Bergakademie (mining school) at Freiberg in Saxony. Wer-
ner emphasized above all the importance of accurate observations in
the field; in particular, rocks— or rather, rock masses or “formations”
(Gebirge: literally, “mountains”)—were to be described in terms of their
three-dimensional or structural relations to each other and to the surface
topography. Such rigorously descriptive work was termed “geognosy”
(Geognosie: literally, “earth-knowledge”).> However, Cuvier here went
beyond normal geognostic practice, by tackling the causal problem of ac-
counting for the deep valleys that cut through the thick horizontal beds
of chalk. He argued that these particular valleys could hardly be due to
any kind of tectonic disturbance, such as had often been suggested in
other cases; yet he could not easily attribute them to erosion by streams
and rivers, because many of them were “dry valleys” with no running wa-
ter at all. The problem was left unsolved, but Cuvier’s handling of it is
quite impressive.

His analysis of another causal problem, that of the origin of the regu-
lar bands of flint nodules within the chalk, continued briefly in the follow-
ing letter (text 2). Most of Cuvier’s comments, however, were reserved for
the high-level theorizing of Jean-André Deluc (or de Luc; 1727-1817), one
of the most senior authors actively concerned with the study of the earth.*

3. In the nineteenth century, parts of geognosy evolved into the modern geological practice of
stratigraphy, which is similarly descriptive in its primary orientation.

4. It would be anachronistic to call them geologists, for although the term “geology” had been
coined —by Deluc himself—it was as yet rarely used, and its meaning was quite different from
whar it has since become (see below).
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Deluc, a Genevan by birth, had settled in England, where he enjoyed
a virtual sinecure at the court of King George III, which enabled him to
spend most of his time in travel and writing. He saw himself as an En-
lightenment philosopher, but, unlike most others, as a Christian too. His
voluminous works on geology were designed not to create a new special-
ist science, but rather to deploy the widest possible range of scientific evi-
dence to rebut the atheistic arguments of other philosophers. Deluc was
no literalist in biblical interpretation, but he did believe that issues of the
utmost importance to human life and faith were at stake in much current
scientific work. In particular, he strove hard to demonstrate the historic-
ity of Genesis, by showing how, when properly interpreted, it was com-
patible with the latest scientific observations. In Deluc’s opinion, how-
ever, that did not entail constricting the history of the earth within the
few thousand years of traditional chronology.

Cuvier was evidently already familiar with Deluc’s earlier theorizing
about the structure and history of the earth. But his letter is concerned
with the current version of Deluc’s theory, in which the scriptural signifi-
cance of the science remained wholly implicit. Like much of his other
work, Deluc’s latest theory was unfolded in a leisurely series of “letters.”
This series was being published in monthly installments in the Observa-
tions sur la physique, sur Uhistoire naturelle, et sur les arts (Observations on
physics, on natural history, and on the arts), a leading scientific periodi-
cal edited in Paris.

Cuvier’s synopsis of Deluc’s work was fair and accurate; his evaluative
comments were also remarkably mature for a twenty-two-year-old with,
as yet, relatively little experience of scientific work. He clearly appreci-
ated the value of trying to explain terrestrial phenomena in natural causal
terms, as Deluc did, within a framework of earth Aistory; yet he remained
skeptical about the older naturalist’s efforts to explain the whole range of
phenomena within a single all-embracing theory. The conclusion of his
review hinted at a reason for doubting whether this was the best way to
proceed in the earth sciences: Deluc’s theory was only one of several cur-
rently on offer, and this sheer plurality might be self-defeating.

Deluc’s work should in fact be regarded as a typical example of a kind
of scientific writing that was currently in vogue; it belonged to a literary
tradition that reached back to Descartes. Borrowing from its first full
expression, Thomas Burnet’s Telluris theoria sacra (Sacred theory of the
earth, 1681-89), this kind of writing was commonly termed “theory of
the earth.” Rather than referring to any particular theory, the phrase
denoted a genre, indeed almost—in modern terms—a scientific disci-
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pline. It was in fact explicitly for this kind of work that Deluc had earlier
proposed the name “geology.” Any particular theory within this genre
was usually referred to as a “system.”>

“Theory of the earth” was concerned above all to explain the major fea-
tures of the structure and history of the earth in terms of natural causes.
Furthermore, those features were to be explained, as far as possible, in
terms of just a few fundamental causes, rather than a profusion of differ-
ent processes. The goal was a high-level theory that would share the sim-
plicity of, say, Isaac Newton’s explanation of complex planetary motions
in terms of universal gravitation. “Theory of the earth” was not uncon-
cerned with empirical observations, any more than Newton could have
achieved his interpretation without the detailed observation of planetary
orbits. But all empirical materials were deployed in the service of the
overarching theory.

As Cuvier noted near the end of his review, he had focused on Deluc’s
grand theoretical “system,” but that tireless traveler had backed it with a
mass of detailed field observations. Those were by implication valuable
in their own right, although not easily summarized. Cuvier referred to
some of them as “geognostic facts”; that is, they were observations on the
structure, sequence, and mineralogy of rock formations. Those who prac-
ticed geognosy contrasted that approach with what Deluc had termed
“geology”: the former was always rigorously observational and empirical,
usually detailed and local, and primarily descriptive rather than causal in
its aims; the latter might cite much observational evidence in its support,
but its goal was high-level causal explanation.

In the closing years of the eighteenth century, these were two distinc-
tive traditions in the scientific study of the earth. Cuvier's comments on
Deluc’s work show that he was already well aware of both. Their relation
to each other, in effect the relation between observations and causal ex-
planations in geology, was to be a central theme in all his work in that
science.

5. It is worth noting here, at the start of this book, that the Theory of the earth (1795) by the Scot-
tish philosopher James Hutton (1726—-97), although now revered by anglophone geologists as one of
their founding documents, was regarded by Cuvier and his contemporaries as just one among the
many “systems” currently on offer, and not obviously superior to the rest (see text 19, sec. 20). In
particular, Hutton’s assumption that virtually unlimited time had been available for the operation of
terrestrial processes was taken for granted by many others writing in the same genre. More distinc-
tive—but poorly substantiated by empirical evidence—were Hutton’s claims for the dynamic char-
acter of the earth’s interior, and for its power to elevate whole continental masses out of the ocean
floor. All in all, Hutton’s status as an iconic “founder of geology” hardly stands up to modern his-
torical scrutiny—but this is not the place to substantiate that assertion.
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TEXT 1

J—

Mineralogica

WERNER'S METHOD Is NoT unknown to me, although I haven’t yet been
able to buy his book.¢ On the subject of formations [Bergen] of chalk and
flint, I'll give you a general idea of the country where I'm now living. This
will not be useless to you, because it’s quite different from anything in your
vicinity, and will convince you how little foundation there is for all that is
fantasized [fabelt] about the transformation of chalk into flint or of flint
into chalk.

In geological terms, Normandy can be divided into three parts. The
middle [part] around Caen and Bayeux is very low-lying, and the coast
shades so gradually into the sea that there is a very wide difference between
the boundary at high tide and at low; the sea therefore penetrates more
deeply into the interior than in the other two parts. The western [part]
from Cherbourg to Brittany is hilly and granitic, and is linked with Brit-
tany [itself], which is of a similar nature. The eastern [part], to the north of
the Seine, is by contrast nothing but a low plateau of chalk. This general
arrangement corresponds exactly to that of England, which shows clearly
that the two countries were separated from each other in the past. The sim-
ilarity becomes still more striking if one thinks of the tin mines in Brittany
and at the same time recalls that it is precisely in Cornwall, which corre-
sponds to Brittany, that the most famous tin mines in the world are found.

The whole area around Caen consists, under the vegetable soil, of thick
beds [Schichten] of a very compact sandy limestone, which is excellent for
building and from which one can extract blocks as large as one wants. By
contrast, in all the country that lies to the north of the Seine, perhaps no
stone a rod long can be found, so the houses are built only of brick, flint,
wood, or earth. This country is about 300~ 400 feet above sea level and is
almost flat. But it is cut through by many quite narrow valleys, of which the
smaller lead into the larger as if there were rivers in them; but at present
there are streams only in the deepest valleys, and they are so very small that
none to the north of the Seine has a name of its own. They are just named
the stream of such-and-such a place, so that one of them can sometimes

6. [Probably Werner, Kurze Klassifikation (Short classification, 1787), the highly influential
booklet in which the various rock “formations” (Gebirge) were classified primarily by their relative
structural position, and subordinately by their relative age.]



CHAPTER ONE

have ten names along its course, from the different villages built beside it;
most of them flow directly into the sea. But in the flat part of the country
[i.e. on the plateau] there are neither streams nor springs, and the inhabi-
tants have no other water than from the rainfall, which they collect in large
cisterns dug for the purpose. The whole surface of the land is covered by a
layer several feet thick of very fine reddish sand, mixed with clay; under the
sand is the chalk, which always alternates with beds of flint, for as far from
the coast as one can see.

At the sea’s edge these alternating beds are cut perpendicularly, which
yet again proves the former existence of a connection with England; but
many other [facts] also show a close connection. If one looks at a place
where such a valley emerges, for example at the harbor at Fécamp, one no-
tices that the beds on one side correspond exactly to those on the other, in
thickness, position, and nature [fig. 2]. If therefore they were once united,
how have they been separated? This cannot have happened by any rupture,
nor by a complete subsidence of what was in the middle, nor by a simple
flexing. In the first case the sides of the valley would be steep. The second
case is impossible, because the valley is narrower below than above, so that
the upper beds could not have collapsed past the lower. The third [case] is
also no good, for then the ends of the beds would be sharply inclined. No
other means therefore remains, except flushing out the sludge with water.
But the bed of sand was deposited only when the valleys were already
formed, for it covers the slopes as much as the upper parts of the country,
and lies very regularly on it in layers of various colors.

I now come in particular to the flints. They are in lumps of very irregu-
lar form, mostly of a brownish-black color, and from an inch to a foot in
size; some are larger, and I've seen one that was three feet long. They lie in
horizontal layers [Schichten] between the layers of chalk, and all the spaces
between the flints are filled with chalk. In the vicinity of Fécamp I've

FIGURE 2 Cuvier’s sketch of the geology of the chalk region of Normandy, showing a
village built in a valley excavated in the horizontal beds of chalk and flint; note also the
superficial sandy layer. This is probably a view of the coastal cliffs at Fécamp, as seen from
offshore, not an imagined section through the land.
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counted more than fifty of these alternations between chalk and flints. The
flint layers are about a foot thick; the chalk layers from 3 to 4, 5 or 6 feet.
I've not yet seen what some writers say, that the flints are like nests within
the chalk layers.

Let me now say what is to be thought of the alleged transformation of
chalk and flint, which Deluc has again maintained recently.” Does the air
do it? Then all that is exposed to it would be transformed equally, and the
perpendicular [cliff] face of the rocks would be uniformly either flint or
chalk. Does some moisture circulating through the whole mass do it? How
is it then that it works in such regularly horizontal planes? How is it that
new layers or at least new lumps of flint aren’t formed sometimes? Above
all, I don’t understand why people are so worried about this. If the chalk
formation [Kreideberge| was deposited in the global sea that then covered
the earth, why couldn’t the ¢halk and flint material have been precipitated
alternately? One often finds alternating beds of clay and sand—but enough
of this.

The chalk can’t be used for building, because it softens in the air; but it
makes an excellent marl for improving the soil. Flints on the other hand
are used for building houses; and this shows how false is the opinion that
they weather in the air. It’s only that most of those found in the fields still
have the chalky crust that they had in their original position.

Extract translated from Cuvier to Pfaff, October 1791, printed in Cuvier, Briefen an Pfaff
(Letters to Pfaff, 1845), pp. 245—48. The style used in translating this and the following text is
more informal than the others, to remind the reader that they come from letters not intended
Jfor publication.

TEXT 2

pm—

Mineralogy

A FEW WEEKS AG0 I went down into a marl pit about 150 feet deep (I've al-
ready told you how chalk is used around here as marl), and had the oppor-
tunity to observe that the chalk and flint beds are arranged in the inland hills
just as they are on the coast (this pit is 1/2 hours [i.e. on foot] from the sea).

7. [As already mentioned, Deluc was in the middle of publishing a long series of “letters” (1790—
93) in Observations sur la physique, on a variety of geological topics; a recent installment had dealt

with chalk and its flints.]
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With regard to the transformation of rocks I find in Brugnatelli’s Annals
of chemistry that the Academy [of Sciences] of St. Petersburg has con-
firmed the alteration of chalk into flint and that of gypsum into chalcedony.
Has Wiedemann in his paper repeated Baumé’s experiment? I'm well aware
that Baumé is not a very reliable author, but still he claims so boldly to have
altered flint into alumina that I would at least have tried his method.?

Although you have already mentioned Deluc and his major catastrophes
[Hauptcatastrophen] several times, [ think you only know of the earlier sys-
tem he expounded in his Physical and moral letters.” He has made some
major changes and as it were built a new system, the outlines of which are
expounded in letters to Mr. de Lamétherie.!® There are already 18 of these
letters, but owing to a mass of digressions onto other subjects it is not yet
complete. I hope it’ll not be unacceptable to you, to find a sketch of it here.

In the introduction he sets out the major facts [Hauptfacta] on which
his opinion is based; I'll omit these, since they are known to all mineralo-
gists. He then establishes three major principles [Hauptgrundsitze/: (1) the
stratification of the materials of our earth proves that they have all been
deposited in a liquid; (2) their solidity, that they are the product of a crys-
talline precipitation; (3) their diversity, that successive changes occurred in
the fluid, and these can only have been caused by new solutions or by the
emission of new kinds of gas.

Now he divides the different events into six major periods [Hauptperio-
den/.'* The first began when light penetrated the mass of our earth, com-
bined to form heat [Feuer|, which made the water fluid. The core of the
earth then had three layers: (a) the interior, to which water did not pene-
trate; (b) the middle, softened by water; and (c), all the surrounding liquid,

8. [The Annali di chimici e storia naturale (Annals of chemistry and natural history) were edited
in Pavia by Luigi Gasparo Brugnatelli (1764-1818), the professor of chemistry there. Christian
Rudolph Wilhelm Wiedemann (1779~1840) taught anatomy and surgery at the medical college in
Braunschweig. Antoine Baumé (1728—-1804) was professor of chemistry at the college of pharmacy in
Paris. The individuals cited exemplify the cosmopolitan scientific network that Cuvier aspired to
join.]

9. [Deluc, Lettres physiques et morales (1779). It was in a preliminary volume of this work (Letzres
sur les montagnes, 1778) that Deluc had first proposed the term “geology,” but as a synonym for “the-
ory of the earth.” “Physical” topics were those in any of the natural sciences; “moral” ones covered
what would now be termed the social or human sciences.]

10. [Deluc, “Lettres 3 M. de la Métherie” (1790—93), published in Observations sur la physique.
Jean-Claude de Lamétherie (or de la Métherie, or Delamétherie; 1743 —1817) was the editor of the pe-
riodical in Paris.]

11. {This may have been an implicit reference to the six “days” of the creation narrative in Gene-
sis. A sixfold periodization had also been adopted by Buffon (see below) in his “Epoques de la na-
ture” (1778).]
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which contained the materials from which our atmosphere and the beds
[Schichten] of our continents have been formed.

Second period. Granite and similar kinds of rock precipitated. Limestone
is already found at this time.

Third period. Now come the primordial beds [Primordialschiefer], which
contain no organic substances. Thus a solid crust formed around the soft
layer (b); water filters through into the soft underlying layer and takes part
of it with it. (Here the system shows itself to be very weak: why is this crust
solid, since it is also formed in water? how can water take the soft part with
it, and where, since everything is full up?) I continue with Deluc’s story
[Erzdhlung]: as a result of part of the soft layer being carried away, huge
cavities form; the parts of the overlying crust that constitute the roofs of
these cavities collapse; the crust breaks across the still solid edges between
the caverns; so the parts nearest the fractures stand on edge and form the
primordial mountains, which are left dry by the water that has now sunk
into the caverns. Coal proves that vegetation must have existed immedi-
ately after this.

Fourth period. Gases [expansible Fluida] develop in the caverns, break
out through cracks in the crust, and throw fragments of the deeper layers
on to the uppermost; these are consolidated by new precipitations. Hence:
the primordial breccias.

Fifth period. The ejected gases and the influence of the sun change the
chemical nature of the liquid that still covers almost the whole earth. This
changes the nature of the precipitation, and the primordial limestones are
formed. Marine animals begin to show themselves. Meanwhile water fil-
tered into the interior caverns as before; this likewise led to a collapse,
which broke the limestone crust just as the granitic had been broken ear-
lier. Hence all granitic chains have on either side a slaty and, somewhat
further, a limestone chain, which are separated by two parallel valleys.!2
After this second collapse there were new infiltrations and emissions of new
kinds of gas, so that new precipitations occurred once more, but not so
generally and of a quite different kind. One notices particularly (1) a sec-
ond limestone formation, in which marine animals are very abundant; (2) a
less widespread sandstone formation, which also contains marine animals,
but mostly of other genera than in the preceding ones; (3) these two forma-
tions suffered further, but merely local, catastrophes; (4) new eruptions of
gases threw on to this layer pieces of the preceding ones. During all these

12. [Mountain ranges were generally believed to be structured symmetrically around a core of
granitic rocks, flanked by zones of overlying and therefore successively younger rocks.]

I



12

CHAPTER ONE

revolutions it often happened that dry land, on which vegetation had ex-
isted for many years, sank again and was covered with new beds of stone.
Hence the Coal beds. Finally came the Chalk beds; !> they contain no more
ammonites, but on the other hand they have other marine animals that are
not found today, for example the sea urchin of which the spines are called
jew-stones [Judensteine]. It should also be noted that the Chalk has only
been deposited in certain places.

Thus far has Deluc got at present. He has promised to deal next with the
sixth period, in which our continents were put into the state in which they
still are today.'* His opinion is subject to great difficulties, but these letters
are very interesting on account of many very firmly handled points of
physics and numerous geognostic facts [geognostische Facta]. Admittedly it
is just this part that is not suitable to be reviewed here.

De Lamétherie himself wants to contribute to this too, and also proposes
a new system; but I can tolerate de Lamétherie’s method of reasoning as
little as his style. A third system, by Father Pini of Turin, was published some
months ago, but I know of it only from reviews.'?

Extract translated from Cuvier to Pfaff, 11 March 1792, printed in Cuvier, Briefen an Pfaff
(1845), pp. 257— 6o.

13. [Deluc, like Werner and many others, regarded the distinctive Chalk as the uppermost of all
the regularly bedded Secondary formations mentioned in this passage, ovetlain only by loose su-
perficial deposits such as the clay Cuvier had described in Normandy (text 1). This is why Cuvier’s
much later research around Paris, in which the Chalk featured as the lowest of many distinct forma-
tions, was in its time so strikingly novel (see chapter 12).]

14. [It is unforrunate that Cuvier did not write this letter a few months later, for we do not have
his immediate reaction to Deluc’s “sixth period,” the part of the “system” that was most important
for Cuvier’s own later geological views. In the twelve letters published after Cuvier wrote this sum-
mary, Deluc duly set out his arguments for claiming that the continents—in their present form as
landmasses—were not of great age, because they had emerged from the ocean floor only a few thou-
sand years ago. (Deluc also dealt with matters as diverse as the rings of Saturn, chemical affinities,
and gravity itself!)]

15. [De Lamétherie published his own “system” later, as Théorie de la terre (1795; 2nd ed. 1797).
Ermenegildo Pini (1739-1825) was professor of natural history at the Univetsity of Milan and a
member of the Barnabite teaching order; his Rivoluzione del globe terrestre (Revolutions of the ter-
restrial globe, 1790-92) had in fact been criticized by Deluc in an earlier letter published by de
Lamétherie.]
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n 1795, three years after Cuvier told his friends in Germany about

Deluc’s latest theory, the political situation in Paris became more stable,
or at least more favorable for scientific work. During the Terror, the most
radical and violent phase of the Revolution, many of the old institutions
of science had been abolished, or at least disrupted. Many of the most
influential savants had fled from the capital.! Some, most notably the
great chemist (and tax collector) Lavoisier, had even lost their lives at
the guillotine. Now yet another coup d’état had given France a politi-
cally more moderate government, the so-called Directory, which quickly
showed itself more favorable to the sciences than any since the start of
the Revolution.

Cuvier therefore made a bold and risky decision to move to Paris in
search of a scientific career. In this he was encouraged by meeting a sci-
entific refugee from the capital, who wrote to colleagues there on his be-
half. Cuvier had already sent some articles (on invertebrate zoology) to
be published in Paris, but he was still scarcely known, and had no cer-
tainty of gaining any position. In the event, however, he could hardly

1. The contemporary term “savants” (which was used in English as well as in French) will be
used throughout this volume, in place of the misleadingly anachronistic term “scientists.” Savants
could be learned, expert, or “savant” in any of a wide range of subjects, not just those covered by the
modern anglophone meaning of “science”; and they might or might not be “professionals” in the
sense of earning their living from such studies.
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FIGURE 3 A portrait of Georges Cuvier ac the age of twenty-six— possibly a self-
portrait—drawn in 1795, around the time he moved to Paris; it may have been made to
further his career prospects.

have arrived at a more propitious time. As a result of the Terror, the old
networks of patronage that had been essential for making a career in sci-
ence had been thrown into disarray, and had yet to be reconstituted: a
young man of talent had more opportunities than ever before (fig. 3).
Given Cuviers interests, it is not surprising that he focused his atten-
tion on the Muséum National d’Histoire Naturelle (National Museum
of Natural History). Almost alone among the major scientific institu-
tions in Paris, this had escaped abolition, because at the height of the
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Revolution it had reformed itself in a politically correct manner. Al-
though new in name, it was in fact the direct successor of the old royal bo-
tanical garden (Jardin du Roi) and the associated royal museum (Cabinet
du Roi). Here at the new Muséum,? Cuvier managed—not without op-
position—to obtain a junior position as understudy (suppléant) to Mer-
trud, the elderly and undistinguished professor of animal anatomy. The
Muséum was to be Cuvier’s professional home, and, before long, his do-
mestic home too, for the rest of his life.

Even a modest position at the Muséum placed Cuvier at the world
center for the natural history sciences, and its incomparable collections
became at once his most important resource. Before the end of the year,
his lecture course on comparative anatomy at the Muséum (standing in
for his nominal superior) showed Parisian savants that he was a new-
comer to be reckoned with. He put his science firmly on the map, by
explaining his conception of organisms—though it was not original to
him —as functionally integrated “animal machines.”

A few weeks earlier, in one of its major acts of cultural politics, the Di-
rectory had approved the foundation of a new Institut National. This was
intended to repair the revolutionary damage to French science and schol-
arship, by bringing together in one prestigious body all the branches of
knowledge formerly cultivated in the various learned “academies” that had
been suppressed. Among these was the old Académie Royale des Sciences
(Royal Academy of Sciences), which was in effect revived as the Institut’s
“class for mathematical and physical sciences.” Significantly, it was termed
the First Class of the Institut (in modern terms the three classes covered,
roughly and respectively, mathematics and the natural sciences, the social
sciences, and the humanities).

Only a week after Cuvier’s inaugural lecture, and doubtless partly as a
result of that event, he was elected the youngest member of the First Class.
Just as the Muséum became the site of his actual research, so the Institut
became the main arena for the exposition of his scientific results, as sev-
eral of the texts in this volume show. Cuvier’s rise to prominence in Pari-
sian science in the years that followed continued to be meteoric, but it
was not effortless. Like any scientific career in this period, it required the
painstaking construction of networks of patrons and allies, and discreet
campaigns against rivals on all sides.

Once installed in the Muséum, however precariously at first, Cuvier
picked up the research on comparative anatomy that he had started in

2. The accent and initial capital will serve hereafter to indicate reference to this specific mu-
seum —at the time, the greatest natural history museum in the world.

Is
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Normandy. He began to produce important papers on the anatomy of
the then poorly understood marine invertebrates, particularly the mol-
lusks. But the resources of the Muséum quickly turned his attention to
the vertebrates too, and above all to the mammals. More specifically,
he soon saw that some recent acquisitions to the Muséum’s collections
might make it possible to settle a long-standing problem with far-reach-
ing implications.

It had long been known that large fossil bones and teeth were found
widely scattered in northern latitudes, in both the Old World and the New,
in “superficial” deposits close to the surface of the ground. They were far
from the tropical habitats of all the known large mammals such as ele-
phants and rhinoceros. The identification of these fossil bones, and the ex-
planation of their anomalous geographical position, had long been mar-
ters of lively international debate among naturalists.> Louis Jean Marie
Daubenton (1716 —99), now the professor of mineralogy at the Muséum
and one of Cuvier’s senior colleagues, had been a major contributor to
this debate before the Revolution; and George Louis Leclerc, count de
Buffon (1707-88), for almost half a century the director (intendant) of
the Muséum’s forerunner, had made the fossil bones a key component
in his overarching “theory of the earth.” So Cuvier was entering a well-
trodden field.

He had one major empirical advantage over his predecessors. Among
the incidental spoils of the revolutionary wars were the outstanding col-
lections of the former ruler of the conquered Netherlands. What had re-
cently reached Paris included not only paintings and other items of great
artistic importance, but also a major natural history collection. It in-
cluded specimens that, added to those already at the Muséum, proved to
Cuvier’s satisfaction that the living African elephant was not the same
species as the Indian, as had been commonly supposed; and that the fos-
st/ elephant or “mammoth” was anatomically distinct from either. Cuvier
was not the first naturalist to suspect this; but he alone had both the
means and the skill to demonstrate it persuasively.

Just a year after his arrival in Paris, he presented his first paper to the
Institut, setting out this argument. A summary of the paper (text 3) was
published soon afterward in the Magasin encyclopédique (Encyclopedic
magazine), a newly founded journal for all the sciences, which took its in-
spiration from the great French Encyclopédie, the supreme emblem of the
eighteenth-century Enlightenment. The full version was published three

3. “Naturalists” was the contemporary term for those who studied the sciences of “natural his-
tory” such as zoology, botany, and mineralogy; neither term had its modern pejorative overtones of
amateurism. “Naturalists” were, in effect, a subset of the larger category of “savants.”
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years later in the Institut’s new Mémoires, with several plates of engraved
illustrations based on his own drawings of the crucial evidence (see fig. 4).4

Cuvier’s first major paper displayed remarkable self-assurance-—some
might term it arrogance—for a twenty-six-year-old with little scientific
achievement to his name. Emphasizing the importance of a critical eval-
uation of factual claims, he confidently rejected the opinions of his dis-
tinguished predecessors, on the grounds that their observations had been
insufficiently precise. He presented his conclusions about the three dis-
tinct species of elephants as a triumph for his own scrupulously exact
methods of osteological comparison. Almost in passing, he dismissed any
suggestion that the differences might be due to the transformation (in
modern terms, evolution) of one species into others—a notion that in
general terms was being actively canvassed in Paris at this time—and
maintained that to abandon the concept of the stability of natural species
would be to subvert the whole taxonomic enterprise. But he was careful
to argue that his anatomical approach could only enrich and deepen the
traditional zoological emphasis on the externally visible characters of an-
imals. This related his work tactfully to that of an even more youthful col-
league, the professor of zoology Etienne Geoffroy Saint-Hilaire (1772~
1844), who had helped him gain his position at the Muséum.

Cuvier also presented his work as a demonstration of the way compar-
ative anatomy could be an ancillary but essential tool for establishing the
“theory of the earth,” or “geology,” on less speculative foundations. He
argued that his research had undermined the impressive edifice of the cel-
ebrated theory of the earth that Buffon had expounded in his “Epoques
de la nature” (Epochs of nature, 1778). This had been centered on the
idea— not original to Buffon—that the earth had had its origin as an in-
candescent body in space, and that it had cooled gradually to its present
surface temperature. Buffon had assumed that the bones found in north-
ern lands were those of elephants and other tropical species, and had
therefore used them as evidence of a formerly warmer climate at high lat-
itudes. But if, as Cuvier now argued, the mammoth was not the same
species as either of the living elephants, it could well have been adapted
to a quite different environment, namely to the cold climates in which its
bones were now found; Buffon’s argument for a cooling earth, or at least
his use of the bones as evidence for it, would then collapse.

Cuvier’s inference left new problems, however, above all that of ac-
counting for the difference—as he claimed it to be—between a// the

4. Cuvier had shown outstanding talent as a biological artist even in his youth; he continued
throughout his life to make most of his own drawings, though they then had to pass through the
hands of professional engravers before publication.

17
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known fossil species and those now alive. In fact, when he first presented
his paper, he made his claim even more sweeping than it appeared in print,
because he extended this absolute contrast between fossil and living spe-
cies to marine animals as well as such terrestrial species as the elephants.
But after his lecture the “learned conchologists” he had cited must have
rejected that claim, insisting that some marine mollusks did have exact
“analogues” among fossil shells.> Even with an implicit restriction to ter-
restrial animals, however, his published claim was striking enough.

Cuvier claimed—though without detailed argument—that the evi-
dence pointed to an earlier and prehuman “world” that had been “de-
stroyed by some kind of catastrophe.” This was a theme that, though not
original to him, was to pervade his geological theorizing for the rest of
his life. Although he did not explain why the event must have been sud-
den, he did imply that it was not unique, and that it might be repeated in
the future. But he defily drew back from further speculation of this kind,
leaving such matters to a bolder—or perhaps more foolhardy—“ge-
nius.” This was a neat way of deferring, though with more than a touch
of irony, to his senior colleague Barthélemy Faujas de Saint-Fond (1741—
1819), who had boldly adopted Deluc’s neologism “geology” as the title
of his professorship when the Muséum was reconstituted.

TEXT 3

e

Memoir on the Species of Elephants, Both Living and Fossil

Read at the public session of the National Institute on
15 Germinal, Year IV [4 April 1796]¢ by G. Cuvier”

CONSIDERABLE DIFFERENCES have long been noted between the ele-
phants of Asia and those of Africa, with regard to their size, their habits,

5. The relevant passage in the manuscript (MS 628, Bibliothéque Centrale, Muséum National
d’Histoire Naturelle, Paris) was omitted from the first published text of the paper (translated below as
text 3) and its subsequently enlarged versions: see Burkhardt, Spirit of system (1977), p. 129 and n. 56.

6. [The date, like several others in this volume, is given in the form of the Republican calendar.
This was introduced at the height of the Revolution as part of the effort to eliminate all traces of the
culturally Christian past. It had its nominal origin at the declaration of the French Republic in Sep-
tember 1792 (though it was not introduced until Year II, or 1793-94); it divided the year (beginning
in September) into twelve new months based on the seasonal weather. The Republican calendar was
dropped, and the ordinary (Gregorian) calendar resumed, at the start of 1806. (In this volume Re-
publican years will be denoted by Roman numerals, as they often were at the time.)]

7. This article is an abstract of a detailed paper that will be printed in the Institute’s collection,
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and the places where they live; and Asiatic peoples have known since time
immemorial how to tame the elephants they use for hunting, whereas
African elephants have never been subdued, and are hunted only to eat
their flesh, to collect their ivory, or to eliminate the danger of their pres-
ence. Nonetheless the authors who have dealt with the natural history
of elephants have always regarded them as forming one and the same
species.

The first suspicions that there are more than one species came from a
comparison of several molar teeth that were known to belong to elephants,
and which showed considerable differences; some having their crown
sculpted in a lozenge form, the others in the form of festooned ribbons.

The arrival in Paris of the natural history collection acquired for the
Republic by the Treaty of The Hague has enabled us to turn these sus-
picions into certainty.? It contains two elephant skulls: one, which has the
teeth with festooned ribbons, comes from Ceylon; the other, which has
only diamond forms, is from the Cape of Good Hope. A glance at these
skulls is sufficient to observe, in their profile and all their proportions, dif-
ferences that do not allow them to be regarded as the same species (fig. 4).
It is clear that the elephant from Ceylon differs more from that of Africa
than the horse from the ass or the goat from the sheep.? Thus we should no
longer be astonished if they do not have the same nature or the same
habits.

It is to anatomy alone that zoology owes this interesting discovery, which
a consideration of the exterior of these animals would only have been able

accompanied by the necessary descriptions and illustrations [Cuvier, “Espéces d’éléphans” (Species
of elephants, 1799)].

8. [The treaty established the terms of peace between the victorious French and the Dutch they
had defeated. As part of the officially sanctioned cultural looting of the Netherlands, the fine natural
history collection of the Stathouder, the Dutch ruler who had fled to England, was removed to the
Muséum in Paris.}

9. [The full text of the paper has at this point one of Cuvier’s most trenchant statements of his
rooted opposition to evolutionary interpretations of organic diversity: “I believe that, after reading
this comparative description, which I have made with all possible care and precision, and for which
the original specimens exist in the comparative anatomy collection at the Muséum, no naturalist can
doubt that there are two quite distinct species of [living] elephants. Whatever may be the influence
of climate to make animals vary, it surely does not extend this far. To say that it can change all the
proportions of the bony framework [charpente osseuse], and the intimate texture of the teeth, would
be to claim that all quadrupeds could have been derived from a single species; that the differences
they show are only successive degenerations: in a word, it would be to reduce the whole of natural
history to nothing, for its object would consist only of variable forms and fleeting types [iypes fu-
gaces]” (1799, p. 12). The word “dégénérations” was widely used to denote changes within a species,
forming some new variety; but also, by at least some authors, for changes transforming one species
into another.]
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FIGURE 4 The skulls of elephants (z9p) from Ceylon (now Sri Lanka), south of the In-
dian mainland, and (bottom) from the Cape of Good Hope (now in South Africa), en-
graved from Cuvier’s drawings and published in 1799 with the full text of his paper.



LIVING AND FOSSIL ELEPHANTS

to render imperfectly.'® But there is [also] a science that does not appear at
first sight to have such close affinities with anatomy; one that is concerned
with the structure of the earth, that collects the monuments of the physical
history of the globe, and tries with a bold hand to sketch a picture of the
revolutions it has undergone:!! in a word, it is only with the help of anat-
omy that geology'? can establish in a sure manner several of the facts that
serve as its foundations.

Everyone knows that bones of enormous animals are found underground
in Siberia, Germany, France, Canada,'? and even Peru, and that they can-
not have belonged to any of the species that live today in those climates.
The bones that are found, for example, throughout the north of Europe,
Asia, and America resemble those of elephants so closely in form, and in
the texture of the ivory of which their tusks are made, that all savants hith-
erto have taken them to be the same. Other bones have appeared to be
those of rhinoceros, and they are indeed very similar: yet today there are
elephants and rhinoceros only in the tropical zone of the Old World. How
is it that their carcasses are found in such great numbers in the north of
both continents?

On this point, one is left with [ mere] conjectures. Some [writers] have in-
voked great inundations that have transported them there; others suppose
that southern peoples led them there in some great military expeditions.'4
The inhabitants of Siberia believe quite simply that these bones come from

10. [Cuvier and other naturalists of his generation were critical of the zoology practiced by their
predecessors (e.g. Buffon) for having focused attention on the externally visible characters of animals
rather than the internal anatomy revealed by dissection. Cuvier himself was highly skilled in practi-
cal dissection; in this respect his studies of molluscan anatomy are even more striking than his work
on vertebrates, since they involved much finer manual dexterity.]

11. [In Cuvier’s writing and that of his contemporaries, the word “revolution” simply meant ma-
jor changes in the course of time: it was used for example in the writing of human history to denote
the slow rise and fall of civilizations; and in astronomy to denote the regular orbiting of the planets
round the sun. It had no necessary connotations of suddenness, still less of violence. In effect, what
Cuvier termed “catastrophes” (see below) were a special subset of “revolutions.”]

12. [The emphasis is not indicated typographically in the original, but is implied by the con-
struction of the sentence. It is important to remember that at this time the term was still a neolo-
gism that had been adopted by very few writets other than its author Deluc and Cuvier's colleague
Faujas.]

13. [“Canada” included much of what eventually became the United States: in particular, the
uncolonized country around the Ohio River, which yielded some of the most problematic fossil
bones.]

14. [A huge mass of water sweeping suddenly across the continents (like the tsunamis associated
with some submarine earthquakes, but far larger) was a widely favored explanation for the bones
found in Siberia. The classical accounts of Hannibal’s campaign from North Africa, complete with
some military elephants, had been the basis for an eatlier explanation of the fossil bones found in
Europe, but its plausibility had collapsed as more and more bones were found.]

21
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a subterranean animal like our moles, which never lets itself be taken alive;
they name it “mammoth,” and mammoth tusks, which are similar to ivory,
are for them a quite important item of commerce.

None of this could satisfy an enlightened mind [un esprit éclairé]. Buf-
fon’s hypothesis'> was more plausible, if we assume that it was not conten-
tious for reasons of another kind. According to him, the earth had emerged
burning from the mass of the sun, and had started to cool from the poles; it
was there that living nature had begun. The species that formed first, which
had more need of warmth, had been chased successively toward the equa-
tor by the increasing cold; and since they had traversed all the latitudes, it
was not surprising that their remains were found everywhere.

A scrupulous examination of these bones, made by anatomy, will relieve
us of having recourse to any of these explanations, by teaching us that they
are not similar enough to those of the elephant to be regarded as ab-
solutely from the same species. The teeth and jaws of the mammoth do
not exactly resemble those of the elephant [fig. 5]; while as for the same
parts of the Ohio animal, a glance is sufficient to see that they differ still
further.’¢

These [fossil] animals thus differ from the elephant as much as, or more
than, the dog differs from the jackal and the hyena. Since the dog toler-
ates the cold of the north, while the other two only live in the south, it
could be the same with these animals, of which only the fossil remains are
known.

However, while relieving us of the necessity of admitting a gradual cool-
ing of the earth, and while dispelling the gloomy ideas that presented the
imagination with northern ice and frost encroaching on countries that to-
day are so pleasant, into what new difficulties do these discoveries not now
throw us?

What has become of these two enormous animals of which one no
longer finds any [living] traces, and so many others of which the remains
are found everywhere on earth and of which perhaps none still exist? The
fossil rhinoceros of Siberia are very different from all known rhinoceros. It
is the same with the alleged fossil bears of Ansbach;'7 the fossil crocodile of

15. [Buffon, “Epoques de la nature” (1778). As a leading philosopher of the Enlightenment, Buf-
fon was an “enlightened mind” par excellence.]

16. [“Ohio animal” referred to bones first found in 1739 on the banks of the Ohio River (in what
is now Kentucky): their identity was much disputed during the rest of the eighteenth century, and
was not resolved until Cuvier later defined and named the animal Mastodon. )

17. [The bones found in caves in a part of Bavaria that at this time was in the territory of Ans-
bach, most famously in caves around Muggendorf, between Erlangen and Bayreuth.]
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FIGURE 5 The lower jaw of the mammoth (top) compared with that of the Indian ele-
phant (bottom), engraved from Cuvier’s drawings and published in 1799 with the full text
of his paper.
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Maastricht; the species of deer from the same locality;'® the twelve-foot-
long animal, with no incisor teeth and with clawed digits, of which the skele-
ton has just been found in Paraguay [see fig. 6]: none has any living ana-
logue.'> Why, lastly, does one find no petrified human bone?

All these facts, consistent among themselves, and not opposed by any re-
port, seem to me to prove the existence of a world previous to ours, de-
stroyed by some kind of catastrophe.?® But what was this primitive earth?
What was this nature that was not subject to man’s dominion? And what
revolution was able to wipe it out, to the point of leaving no trace of it ex-
cept some half-decomposed bones?

It is not for us [i.e. Cuvier himself] to involve ourselves in the vast field
of conjectures that these questions open up. Only more daring philoso-
phers undertake that. Modest anatomy, restricted to detailed study and to the
scrupulous comparison of the objects submitted to its eyes and its scalpel,
will be content with the honor of having opened up this new highway to the
genius who will dare to follow it.

Translated from Cuvier, “Espéces des éléphans” (Species of elephants, 1796).

18. [The “crocodile” was a spectacularly large fossil found in underground quarries near the
southern Dutch town. The finest known specimen had recently been brought to Paris, like the ele-
phant skulls, as a trophy of war. It was described and illustrated in a lavishly produced monograph
by Faujas, Montagne de Saint-Pierre de Maestricht (Saint Peter’s Mount at Maastricht, 1799), which
he must have been preparing at this time. It was later interpreted as a huge marine lizard, and Cuvier
named it Mosasaurus (lizard of the Maas or Meuse) (see chapter 13). “Deer” referred to supposed fos-
sil antlers from the same Chalk formation at Maastricht, which Cuvier— once he had seen the spec-
imens—identified as parts of the carapace of a marine turtle.]

19. {“Analogue” was the term used in the contemporary debate about the reality or otherwise of
extinction, to denote a living species that was identical to one found fossil. For the Paraguay animal,
see text 4.]

20. [The full text of the paper has a significant addition at this point: “beings whose place has
been filled by those that exist today, which will perhaps one day find themselves likewise destroyed
and replaced by others” (1799, p. 21). For Cuvicr the present “world” had no finality, and the “catas-
trophe” that had made the mammoth extinct was certainly not a unique event, and perhaps not even

the last of its kind.]



THE MEGATHERIUM FROM

SOUTH AMERICA

ost of the fossils that Cuvier mentioned in his paper on living and

fossil elephants had already been described and discussed by oth-
ers; but one of them, as he noted, was a recent discovery. Cuvier made
this the subject of a separate paper, which he read at the Institut National
not long after his first. It greatly increased his personal stake in the field
of fossil anatomy.

Fossil bones are usually found scattered and disarticulated. However,
one almost complete assemblage of bones, clearly derived from a single
individual of some large animal, had been found in 1789 near Buenos
Aires in what was then Spanish South America. Shipped back to Madrid,
these bones were assembled at the Gabinete Real (Royal Museum) by
Juan-Bautista Bru (1740-99), a conservator there. The most important
separate bones and Bru’s mounted reconstruction of the whole skeleton
were drawn and engraved for him in preparation for a paper he planned
to write about it. In 1796 a French official who was visiting Madrid saw
the skeleton and obtained a set of Bru’s unpublished plates. These were
sent to the Institut in Paris, and Cuvier was asked to report on them. In
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his paper, Cuvier claimed that the unknown animal was an edentate, and
named it Megatherium, or “huge beast” (text 4).!

Cuvier went no farther in a geological direction than to conclude that
the megatherium, like other fossil species, must surely be extinct. The
paper is included in this volume because it shows the methods of care-
ful anatomical comparison that underlay all Cuviers geological infer-
ences. Specifically, it illustrates his theoretical concept of the “subordi-
nation of characters,” according to which the different functions of the
animal body formed a kind of natural hierarchy, such that some anatom-
ical features were more reliable than others, for assessing the natural af-
finities between any one animal and other related forms. The application
of this principle, in this case, underlay Cuvier’s confident conclusion
about the place of the fossil mammal from South America, in relation to
living mammals.

However, Cuvier needed practical skills and empirical evidence as well
as biological theory. Only a handful of naturalists anywhere had the skill
and experience to understand the anatomy of the unfamiliar and exotic
edentates, sufficiently for the case in hand; and only at the Muséum in
Paris, probably uniquely at the time, could 27y naturalist have found the
range of rare specimens necessary to establish by osteological comparison
that the huge megatherium was related to the lowly sloths and anteaters.
It was a striking conclusion.

The megatherium itself remained in Madrid, but Cuvier’s paper—
published in the Magasin encyclopédique shortly before the one on ele-
phants—made the fossil widely known, particularly since it was accom-
panied by a crude copy of Bru’s engraving of the skeleton (see fig. 6).2 As
an elephant-sized animal quite unlike any living species, it was a sensa-
tional addition to the growing collection of large vertebrates that— Cu-
vier claimed— could not plausibly be supposed to be still alive anywhere
on earth.

1. The episode has been the subject of much chauvinistic argument. Rather than feeling that Cu-
vier had upstaged him, Bru may have valued the French naturalist’s authoritative report on the zoo-
logical affinities of the animal. Conversely, Cuvier knew almost nothing about its geological context,
as the text of his paper shows. Bru’s plates were published in Spain later the same year, with his
detailed description of the find, and a translation of Cuvier’s paper; conversely, when Cuvier came to
publish a full version of his own paper, he included a translation of Bru’s work.

2. This engraving was copied in turn for the English Monthly magazine, and published later the
same year with a summary of the paper; among the anglophone naturalists who thus became aware
of the megatherium was Thomas Jefferson (1743-1824), not only a prominent politician in the
young United States but also a keen naturalist who had already studied similar bones from Virginia.
The Spanish translation of Cuvier’s paper has been noted already.



THE MEGATHERIUM FROM SOUTH AMERICA

TEXT 4

—

Note on the skeleton of a very large species of quadruped,
hitherto unknown, found in Paraguay and deposited in the Cabinet
of Natural History in Madrid. Edited by G. Cuvier.

THIS SKELETON is fossil: it was [found] a hundred feet below the surface
of a sandy formation [terrain] near the river La Plata.? It lacks only the tail
and some paired bones that have been imitated in wood. It is mounted in
Madrid, where Citizen Roume, correspondent of the National Institute, has
examined it carefully. The complete figure and all the details have been
engraved on five plates in folio format, which are probably intended to il-
lustrate some dissertation of which this skeleton will be the object. The Na-
tional Institute having received proofs of these plates from Citizen Gré-
goire, they have served as the basis for the present note, together with a
short description sent by Citizen Roume.*

This skeleton, shown in [fig. 6], is twelve feet long and six in height. The
backbone is composed of seven cervical vertebrae, sixteen dorsal, and four
lumbar; there are therefore sixteen ribs. The sacrum is short, the iliac bones
very broad; and their plane being almost perpendicular to the spine, they
form a wide-open pelvis. There is no pubis or ischium at all, or at least they
are lacking in this skeleton, and one can see no mark where they would
have been during the life of the animal.

The thigh bones are extremely thick, and those of the legs still more so in
proportion. The entire sole of the foot was on the ground when walking. The
shoulder blade is much broader than long; there are perfect clavicles, and
the two bones of the forearm are separate and movable one on the other.
The forelimbs are longer than the rear. Judging by the form of the last pha-
langes, there must have been very large pointed claws, covered at their base
in a bony sheath; it appears that there were only three of these claws on the

3. [Tt was found at Lujén, west of Buenos Aires (in modern Argentina). The “Paraguay” of the title
was a mistake, which indicates how little Cuvier knew about the circumstances of the find. The
name stuck, and the fossil continued for several years to be called “the Paraguay animal.”]

4. [“Citizen” was the egalitarian title that had been imposed at the height of the Revolution, 1o
replace all the subtly nuanced forms of address used under the Old Regime. Cuvier’s claim that he
knew nothing about the provenance or intended use of the plates was perhaps genuine; on the other
hand it may have been a covert way of establishing his own priority in the interpretation of the bones.
Henri Baptiste Grégoire (1750—1831) was a priest who had been prominent in Republican politics,
and later in setting up the Institur National and other scientific bodies. Philippe-Rose Roume had
been on a governmental mission to the French colony of Saint-Domingue (now Haiti).]
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Squelet dee Lammal  do Paraguay

FIGURE 6 Bru’s reconstruction of the skeleton from South America, as redrawn to il-
lustrate Cuvier’s paper on what he named the megatherium.

forefeet and a single one on the rear feet, and that the other digits lacked
them and perhaps that they were entirely hidden under the skin.

The head is the most singular part of this skeleton. Its occiput is elon-
gated and flattened, but it is fairly convex above the eyes. The two jaws form
a considerable toothless projection, and have at the back of the mouth only
four teeth on each side, both above and below, all of them molars, with a
flat crown and channeled transversely. Above all one should notice the
breadth of the sides of the lower jaw, and the large apophysis placed at the
base of the zygomatic arch.

This animal differs, in the ensemble of its characters, from all known ani-
mals; and each of its bones, considered separately, also differs from the equiv-
alent bones of all known animals. This is what results from a detailed com-
parison of this skeleton with those of other animals, and will easily be seen
by all who are familiar with this kind of research; for none of the animals
that approach this one in size have either pointed claws, or a form of head,
of shoulder blades, of clavicles, of pelvis, or of limbs like those of this animal.

As for the place of this quadruped in the [natural] system, it is marked
perfectly by a simple inspection of the ordinary indicative characters;* that

5. (That is, the features that most clearly reveal the natural affinities of an organism, locating it
in a “natural” taxonomic classification, rather than in an “artificial” one designed purely for ease of
identification.)
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is to say the claws and the teeth. They show that it ought to be placed in the
family of unguiculates lacking incisor teeth; and in fact it has striking
affinities with these animals in all parts of its body. This family comprises
the sloths (Bradypus), the armadillos (Dasypus), the pangolins (Manis),
the anteaters (Myrmecophaga),® and the aardvark [orycterope| or Cape
anteater.

The sloths and anteaters have claws exactly like those of our animal,
borne in the same way on an axis, and encased at their base by a bony
sheath; they have, like it, several digits that are obliterated and lack claws;
such that it is among their species that one finds the least common arrange-
ments, such as two digits in front and three behind, or two and four, or
three and three, etc. Our animal also has a number of claws that is singular
and indeed hitherto unique, namely three in front and a single one behind.

The greater length of the forelimbs is a character singularly specific to
the sloth genus, but is much stronger among them than it is here, and it is
the principal cause of their slow gait. In this respect, our animal is thus dis-
tanced a little from the sloth genus and approaches those that have greater
equality between their extremities. The extraordinary thickness of the rear
limbs is also found, to some extent, in the pangolin, which has the thigh
and leg bones thicker in proportion to their length than any other animal,
except this one.

The family of animals of which we speak presses on the heel when walk-
ing, as does this Paraguay animal. Most of its species have similar clavicles.
If in fact the pelvis has no pubis or ischium at all, it is likewise in this fam-
ily alone that we would find a faint trace of this anomaly. It is true that the
two-toed sloth has these two bones, but they are not fused in front, and al-
ways remain separate. This same two-toed sloth has an arm bone wholly
like this one, above all in the breadth of the lower part. Finally, it also re-
sembles it in the thickness of the bone from the elbow toward the wrist, a
fairly rare character among the quadrupeds.

As for the head, although it is very different from all known forms, it is
nonetheless again in the family of edentates that one finds forms from which
it is less distant than all the others; but, in order to grasp the relations bet-
ter, it is well to give here a brief sketch of the forms of the head that this
family show us.

The anteaters and pangolins have no teeth; their lower jaw, serving only
to house the tongue, is slender and without any strength in its bones or
in the muscles that close it; there is no coronoid apophysis at all, and the

6. [These four Latin names were printed as footnotes, and identified as being those of Carl von
Linné (1707~ 88) the Swedish naturalist and leading taxonomist (better known as Linnaeus, from his
publications in Latin).]
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zygomatic arch is imperfect; the head itself is conical or even elongated
into a cylinder. This form is also that of the aardvark or Cape anteater, but
the latter is provided with molar teeth, and it feeds on roots; the jaw is
broad behind, and provided with a coronoid apophysis for the insertion of
the temporal muscle.

The armadillos have nearly the same kind of life as the aardvark and the
same form of jaws, with very similar teeth; their head is only a little shorter
and more pointed. In both genera the zygomatic arch is complete, curved
downward, without separate apophysis. There are isolated molars with
simple pointed crowns, seven or eight in number.

The sloths, living in trees and feeding on leaves that need to be crushed,
have jaws that are shorter and consequently stronger. The lower jaw is very
thick; its coronoid apophysis projects strongly; the part without teeth forms
a remarkable protuberance, above all in the unau or two-toed sloth—one
also sees this in the lower jaw of the elephant. The intermaxillary bone is
very small, which means that the maxillary also partly surrounds the open-
ing of the nostrils—one scarcely sees this except in the rhinoceros, as a
result of the same small size of the intermaxillary bone. Finally, in the
sloths the zygomatic arch has at its base a fairly long descending apophy-
sis, to which no quadruped shows any similarity (if one excepts the kanga-
roo or great jerboa of New Holland [Australia], the Didelphis gigantea of
Gmelin).”

If one now compares the head of our animal (see [fig. 7, bottom]) with
that of the sloths, one will find there all the characters minutely conserved,
despite the total difference that results from that of the proportion of the
parts. This apophysis of the notch of the zygomatic arch, this projection of
the anterior part of the lower jaw, the small size of the incisor bone [pre-
maxilla], and its distance from the nasal bones, are clear-cut characters
that leave no doubt.

The great thickness of the sides of the lower jaw, which even surpasses
that of the elephant, seems to indicate that the large animal we are exam-
ining doubtless did not content itself with leaves, but—like the elephant
and the rhinoceros—broke and crushed the branches themselves. The flat-
crowned serrated teeth would have been highly appropriate for this use.
The sloths have teeth that are more or less similar, but more separated.
Moreover, they have two more teeth in the upper jaw; but a still more
important difference is that their anterior teeth are longer, and pointed in
the form of fangs or canine teeth, which does not seem to have been the

7. Sec [fig. 7, top], the head of the unau or two-toed sloth; and [center,] that of the ai or three-
toed sloth.
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FIGURE 7 The skulls of the two-toed sloth (70p) and three-toed
sloth (center), compared to that of the far larger fossil megatherium
(bottom); engravings illustrating Cuvier’s paper. Note that all three
skulls are drawn at the same size on paper, to facilitate comparison
of their shapes and proportions.
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case in the Paraguay animal. The position of the nasal bones in the latter
have an affinity with that of the elephant and the tapir, which makes me
suspect that it had a trunk; but it would have been very short, since the
length of the neck and head together equals that of the forelimbs.

Be that as it may, we find in the absence of canine teeth, and in the
shortness of the muzzle, characters sufficient to constitute a new genus in
the family of edentates. It should be placed between the sloths and the ar-
madillos, since it combines the shape of the head of the former with the
dentition of the latter. It would be necessary to know particulars that this
skeleton cannot give us, such as the nature of the integument, the form of
the tongue, the position of the teats, etc., in order to determine more ex-
actly which of these genera it approaches most closely. Meanwhile I believe
I can give it the generic name of Megatherium, and the trivial name Mega-
therium americanum.

It adds to the numerous facts that tell us that the animals of the ancient
world [ancien monde] all differ from those we see on earth today; for it is
scarcely probable that, if this animal still existed, such a remarkable species
could hitherto have escaped the researches of naturalists. At the same time
it is a new and very powerful proof of the invariable laws of the subordina-
tion of characters, and of the justice of the consequences that have been
deduced from them, for the classification of organisms [corps organisés]. In
those two respects it is one of the most precious discoveries that have been
made for a long time in natural history.

Translated from Cuvier, “Squelette trouvé au Paraguay” (Skeleton found in Paraguay, 1796).



A RESEARCH PROGRAM ON

FOSSIL BONES

n 1798, two years after his papers on elephants and the megatherium,

Cuvier outlined what was now explicitly his own research agenda, in a
paper to the Société d’Histoire Naturelle de Paris (Paris Natural History
Society). A summary was published in the bulletin of the Société Philo-
mathique, another informal scientific body in Paris, dominated by young
savants such as Cuvier.

Cuvier explained that he planned to study the comparative anatomy
of 4/l fossil mammals, and he listed no fewer than twelve distinct species
on which he had already started work. They included not only the mam-
moth and the megatherium, but also the puzzling “Ohio animal,” fossil
species of rhinoceros and hippopotamus, the huge-antlered deer or “elk”
from the peat bogs of Ireland, an alleged bear from caves in Germany, a
doglike carnivore from Paris itself, and several others less clearly defined.
As in his paper on elephants (text 3), Cuvier concluded that it was not
true that the species now living in the tropics had formerly lived at higher
latitudes (as Buffon had argued); conversely, he claimed that these fossil
species had had a wide geographical distribution but were truly extinct.
What was new was Cuvier’s final remark, clearly if covertly directed at
self-styled “geologists” such as Faujas: “in view of this, it is up to geolo-
gists to make such changes or additions to their systems as they consider
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necessary to explain the facts that he [Cuvier] has here set out.” The onus
of explanation was shifted squarely onto the speculative devisers of geo-
logical “systems.”

Soon afterward, Cuvier read another paper, this time to a meeting of
the Institut open to the public, describing his research program in clear
nontechnical terms (text ). Significantly, he explained what was in-
volved by using a vivid if unoriginal analogy. He was studying the “an-
tiquities of nature,” just as an antiquarian— or in modetn terms an arche-
ologist—studied the “monuments” of past civilizations; his research was
providing reliable material for a history of the earth analogous to human
history.

To make the topic attractive and immediate to a general audience,
Cuvier chose as his main illustration the fossils that were being found in
the gypsum quarries just outside Paris itself. The choice also had the ma-
jor advantage that these fossils, like the megatherium but unlike most
of the other fossil mammals, had scarcely been examined by any of his
predecessors, and could be made his own intellectual property. Further-
more, since they came from strata of solid stone rather than loose super-
ficial deposits, they posed much greater technical problems, and there-
fore displayed his practical skills to greater effect. Above all, however,
these fossils were proving to be much more peculiar than even Cuvier
himself had at first suspected: the Paris animal, he now claimed, was not
a doglike carnivore after all, but instead filled a gap in the “échelle des
étres” (scale of beings) between the pachyderms and the ruminant mam-
mals, or more precisely between the tapir and the camel. As an interme-
diate between two major groups, it was more unlike living mammals than
any other fossil species: even the megatherium, by contrast, was unques-
tionably an edentate.

The example was a fine demonstration of Cuvier’s zoological method.
He claimed that it was his conception of the animal organism as a func-
tionally integrated whole, constrained by its “conditions of existence,”
that had enabled him to assemble the skeleton from its disarticulated
bones, without fear of constructing an imaginary monster from bits and
pieces of different animals. He even sketched in words how, more con-
jecturally, one might go further, to reconstruct the whole animal body
and infer its probable habits and habitat. He neatly forestalled any criti-
cism of such conjectures, by saying he was being no more speculative than
“geologists” were with their “systems”; and he even showed some sympa-
thy with their ambition to account for the dramatic major features of the
earth’s history. But in the end, as before, he drew back to the conven-
tional safety of concrete conclusions.
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TEXT §

oy

Extract from a memoir on an animal of which the bones are found
in the plaster stone [pierre a pl(itre] around Paris, and which
appears no longer to exist alive today.

Read at the public session of the National Institute on
15 Vendémiaire, Year VII [6 October 1798]

THERE IS NO LONCER anyone who does not know that the earth we in-
habit shows everywhere clear traces of large and violent revolutions; but it
has not yet been possible to unravel the history of these upheavals, despite
the efforts of those who have collected and compared their documentation
[documens].

The bones of quadrupeds found in the interior of the beds that form our
continents are one of the most remarkable results of these revolutions. The
thorough investigation of them that has been made in recent times has
shown that they almost always come from animals alien to the climate in
which they are found, or even from animals entirely unknown today. Hence-
forth it will therefore be necessary to add, to the [natural] history of the an-
imals that exist at present in each country, that of animals that have lived
or been transported there in the past. For this it will be necessary for physi-
cists [physiciens[! to do for the history of nature what antiquarians do for
the history of the techniques and customs of peoples; the former will have
to go and search among the ruins of the globe for the remains of organisms
that lived at its surface, just as the latter dig in the ruins of cities in order to
unearth the monuments of the taste, the genius, and the customs of the
men who lived there. These antiquities of nature, if they may be so termed,
will provide the physical history of the globe with monuments as useful and
as reliable as ordinary antiquities provide for the political and moral his-
tory of nations.2

However, it is only with a rigorous and exact knowledge of comparative
anatomy that one can proceed in this research without fear of error; it will

1. [The term “physics” still retained its older meaning, as a systematic study of the causes of any
phenomena in the natural world (a meaning still preserved in the modern terms “physiology” and
“physician”). So a “physicien” might be anyone who studied the causes of (say) electricity or digestion
or mountains: in effect, anyone who might be eligible to belong to the First Class of the Institur!]

2. [The antiquarian metaphors were not Cuvier’s invention. They had been a commonplace in
the discussion of fossils since the late seventeenth century, and had figured prominently in Buffon's
“Epoques de la nature.” But they may have been unfamiliar to Cuvier’s audience, and in any case he
was exploiting them with a new intensity of meaning.]
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only be when the skeletons of all living species are thoroughly known that
it will be possible to determine with certainty whether or not the bones
that the earth conceals belong to some of those species. For as long as com-
parative anatomy was in its infancy, attention was given only to those bones
that were striking because of their size or their unusual form, and they
were regarded sometimes as the bones of giants, sometimes as those of ele-
phants or other known species. But as this part of anatomy has been per-
fected, the study of them has been given greater precision; and Daubenton,
Camper, and Pallas have been the first to contribute something fairly exact
to this subject.> Today comparative anatomy has reached such a point of
perfection that, after inspecting a single bone, one can often determine the
class, and sometimes even the genus of the animal to which it belonged,
above all if that bone belonged to the head or the limbs.*

This assertion will not seem at all astonishing if one recalls that in the
living state all the bones are assembled in a kind of framework [charpente];
that the place occupied by each is easy to recognize; and that by the num-
ber and position of their articulating facets one can judge the number and
direction of the bones that were attached to them. This is because the num-
ber, direction, and shape of the bones that compose each part of an ani-
mal’s body are always in a necessary relation to all the other parts, in such
a way that—up to a point—one can infer the whole from any one of them,
and vice versa.

For example: if an animal’s teeth are such as they must be, in order for
it to nourish itself with flesh, we can be sure without further examination
that the whole system of its digestive organs is appropriate for that kind of
food; and that its whole skeleton and locomotive organs, and even its sense
organs, are arranged in such a way as to make it skillful at pursuing and
catching its prey. For these relations are the necessary conditions of exis-
tence of the animal; if things were not so, it would not be able to subsist.’

3. [Petrus Camper (1722—89) had been a distinguished anatomist in the Netherlands, and at one
time professor of medicine at the University of Groningen. Peter Simon Pallas (1741-1811) was a
Prussian naturalist attached to the Academy of Sciences in St. Petersburg; he traveled extensively in
Siberia and other parts of the Russian Empire.]

4. [Note that Cuvier claimed to be able—in favorable cases—to “determine” or identify an an-
imal from even a single bone; not, as legend suggested even in his lifetime, to reconstruct it. He did
regard reconstruction as a legitimate goal, but only if most of the bones had been found (see below).]

5. [“Conditions of existence,” along with “subordination of characters,” are the key phrases that
express Cuvier’s conception of the living organism, Note the complete absence of the language of di-
vine “design” in his description of the well-adapted organism: this is in striking contrast to the way
most of his anglophone contemporaries—imbued with a tradition of natural theology—would
have expressed the same point.]
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I have chosen this example, as the most easily grasped and most appro-
priate, to give you an idea of the method that is employed in the research I
am going to tell you about. You will readily appreciate that these kinds of
relations between the parts are not all so obvious; and that as one descends
to less important functions one is reduced to more subtle conjectures and
to less firm conclusions; but at least it is always easy to assign to each of
these results an appropriate degree of probability.

Among the bones I have examined following these principles, the most
interesting and least known are those that are found in the plaster stone
around Paris. This position, right inside the immense beds of gypsum that
surround this city on the northern side, is in itself a remarkable circum-
stance. Most of the remains of quadrupeds that have been found hitherto
occur in very loose deposits, such as the masses of sand or silt that could
have been deposited by rivers, or indeed in the caves into which these ani-
mals could have retreated away from floods. Those I am talking about, by
contrast, are embedded right in the interior of the stone, and must have
been already scattered in the liquid in which it was formed and which took
and enveloped them.®

Their consistency is very friable, and it is only by taking many precau-
tions that they can be extracted. They are usually of a reddish tint. Their
abundance is such that there is never a day when the laborers who work in
the quarries at Montmartre, Mesnil-montant, Pantin, Argenteuil, and other
nearby villages fail to find some in the blocks that they shape into building
stones.” Vertebrae, ribs, and isolated teeth are the most common pieces;
lmb bones are rarer; and rarest of all are complete jaws and thin bones
such as shoulder blades, because they are easier to break. Several connois-
seurs [curieux/ of this city have long collected the bones for their museums
[cabinets], and it is by working through a large number of these collections
that I have obtained the materials for this memoir [fig. 8].% The one that

6. [Cuvier refers to the medium from which the stone was deposited as a “liquid,” because it was
commonly assumed that it must have changed its chemical composition over time, as various rocks
were successively precipitated out of it (see Cuvier’s summary of Deluc’s theory in text 2); only in the
final stages of earth history did it become the ordinary saltwater of present seas.]

7. [These villages were outside Paris in Cuvier’s day, but have since been absorbed by the growth
of the city. Their quarries produced gypsum that was turned into the widely exported plaster of
Paris; the associated stone was used for building.]

8. [The sheet reproduced as Fig. 8 is undated, but the description of the fossil as being from
“I'animal moyen de Montmartre” (the medium[-sized] animal of Montmartre) implies that it came
from an early phase of Cuvier’s research: it must predate his recognition that two distinct genera
were represented, but conversely it probably dates from somewhat later than the lecture reproduced
here, at which point he seems to have considered that only one species was present.]
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FIGURE 8 A sheet of Cuvier's working notes on specimens of fossil mammal bones
from the quarries around Paris; the fine quality of his drawings is characteristic.

has provided me with the most was assembled by the late Mr. Joubert and
now belongs to Citizen Drée, to whom I owe much acknowledgment for the
generous way he has made them available to me.’

Having thus examined, described, drawn, and compared almost one hun-
dred of these specimens, having matched them to one another according to

9. [Philippe Laurent de Joubert (1729~92) had been a legal official in Montpellier, and a keen
fossil collector. After his death his important collection was acquired by Etienne Marie Gilbert, mar-
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the clues given me by their articulatory facets, I have been able to recon-
struct almost the entire skeleton of the animal to which they belonged. 1
shall reserve for one of our closed sessions the details and the proofs of
all my work, which I shall accompany with the specimens on which it is
based.!® Here I am only going to present the results, to give you an idea of
the skeleton of this animal, such as the specimens I have studied show it
must have been.

Its molar teeth have flat crowns, which show compartments of bony sub-
stance and of enamel. This is the structure of molars found in all animals
that feed on plants, because they have to have a kind of millstone for grind-
ing, rather than the sort of scissors for cutting that carnivores have. The
particular form of these teeth is fairly similar to what one sees in the rhi-
noceros, that is, the upper ones are square and the lower are double cres-
cents; but the incisors are sharp, with six to each jaw, followed by a canine
on each side, behind which is a very short empty space. Without this pres-
ence of canines and incisors on the two jaws one would be tempted to take
our animal for a ruminant, because its molar teeth are so similar on the ex-
ternal face to those of the deer; but their crown is quite different.

This arrangement of its teeth is in general what one observes in pigs,
tapirs, hippopotamuses, rhinoceros, and other thick-skinned herbivores
with feet ending in several hoofs [sabots]. Thus, solely by an inspection of
these teeth, we can already judge that our animal belonged to the same
class. We shall see that all the rest of its skeleton confirms that conjecture.

The general form of its head, the curves and contours of its different
parts, have so much similarity to that of the tapir, that one is initially
tempted to regard it as coming from that South American animal. The
bones of the nose and muzzle are even formed in such a way that it appears
also to have had a short trunk like the tapir.

The front feet have three visible digits, the rear feet two. This is seen not
only by the facets on the wrist and instep, but also by specimens of stone in
which these feet have been found preserved whole. This number of digits is
all the more remarkable in that naturalists have not yet observed it in any
quadruped. It serves to complete the combinations that are possible in the
class to which our animal belongs: for the elephant has five in front and
five behind; the hippopotamus and the pig have four in front and four

quis de Drée (1760—1848), a Parisian politician, agronomist and naturalist, now demoted (tempor-
arily) to a mere “citizen.”]

10. [At a “closed” session of the First Class of the Institut, only its members would normally be
present, so it was appropriate to go into more technical details. Note that “proof” (preuve) did not at
this time necessarily denote rigorous demonstration of a quasi-mathematical character; in both lan-
guages it was used roughly in the sense of “evidence.”]
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behind; the tapir four in front and three behind; and our animal has three
in front and two behind. This places it immediately before the ruminants,
which have two digits in front and two behind, and with which, as we shall
see, it also has some similarities in other parts. Quite apart from its impor-
tance for the theory of the earth, the discovery of the animal thus serves to
fill a gap in the scale of beings [échelle des étres].

What I have just told you about the most important parts of its skeleton
is sufficient to show that it differs essentially from all those that naturalists
and travelers have hitherto discovered on the surface of the globe; and it is
a proof of the great fact that I have already maintained in public,'! that sev-
eral animal species have been entirely destroyed by the revolutions that
our planet has undergone. So I shall spare you a more detailed description
of the other bones, which in any case could not be grasped without an ac-
tual inspection of the specimens.

The bones being well known, it would not be impossible to determine
the forms of the muscles that were attached to them; for these forms nec-
essarily depend on those of the bones and their ridges. The flesh being
once reconstructed, it would be straightforward to draw them covered by
skin, and one would thus have an image not only of the skeleton that still
exists but of the entire animal as it existed in the past. One could even, with
a little more boldness, guess [deviner] some of its habits; for the habits of
any kind of animal depend on its organization, and if one knows the former
one can deduce [conclure] the latter. After all, these conjectures would
hardly be any more hazardous than those that geologists are going to find
themselves obliged to make, in order to explain—within their systems—how
the bones of an unknown animal come to be found in a country such as it
is. And indeed, how can one fail to pardon some leaps of imagination, when
warmed by so great a spectacle? How can one repress such a natural desire
to give an account of causes that have been able to produce such terrible
effects: to raise mountains, to shift seas, to destroy whole species, in a word
to change the face of the globe and the nature of the beings that inhabit it?

But today only what can be observed or calculated is esteemed in the
sciences; one cares little for what is [ merely] guessed [se devine]. So I shall
be content to have added some facts to the mass—already so impressive—
that observers have collected, by showing (1) that the fossil bones that are
found in the gypsum around Paris belong to an animal very different in
form from all those that live in our climate today; (2) that this animal is not

11. [That is, in his papers on living and fossil elephants and on the megatherium, read at the In-
stitut in 1796 (texts 3, 4).]
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found alive in any country hitherto known; (3) that it forms a distinct
genus which should be placed at the end of the pachyderm family, after the
rhinoceros and the tapir, and immediately before the camel, which begins
the ruminant class.

Translated from a manuscript, MS 628, Bibliothéque Centrale, Muséum National d Histoire
Naturelle, Paris. The original French text is transcribed in the appendix.
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AN APPEAL FOR

INTERNATIONAL COLLABORATION

In 1800 Cuvier acquired two new positions, which he held in conjunc-
tion with his job at the Muséum. First, he was appointed one of the two
secretaries of the scientific class at the Institut. Napoleon Bonaparte, who
had made himself First Consul and virtual dictator by the coup d’état
of Brumaire (November 1799), and who fancied himself a patron of all
the sciences, chose soon afterward to take a turn as president of the Insti-
tut. Cuvier thereby came to know Napoleon personally, a contact that
certainly helped his later career in governmental administration. Second,
Cuvier was appointed to the prestigious position of professor of natural
history at the College de France in succession to Daubenton. Not only
had death now removed that senior colleague; Napoleon had earlier re-
moved Cuvier’s younger colleague Geoffroy, who had joined the team of
savants that accompanied his military expedition to Egypt.! That left
Cuvier for the time being in almost undisputed control of vertebrate zo-
ology at the Muséum; although Faujas had also published work on fossil

1. Its most famous cultural prize was the Rosetta Stone, which later provided the key for decipher-
ing the hieroglyphics of ancient Egypt (the stone was captured by the British while still in Egypt,
and has been in the British Museum in London ever since). Geoffroy returned to Paris in 1801.
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vertebrates, Cuvier had a low opinion of his senior colleague’s compe-
tence in that or any other field.?

Cuvier too had been invited to go to Egypt; by declining, he had in
effect chosen to build his career as a naturalist by working primarily in a
museum rather than in the field. It was a shrewd decision, for he felt—
as he put it much later—that he was already “at the center of the sci-
ences.” Anyway he was becoming well known among savants throughout
Europe, not only for his major paper on elephants (text 3), now pub-
lished in full, but also for an elementary textbook on comparative anat-
omy (Tableau élémentaire, 1798) and the first volume of his published
lectures on the same subject (Legons d'anatomie comparée, 1800—1805).

At this point Cuvier gave his research program on foss7/ anatomy much
greater visibility. While borrowing some passages from his earlier lecture
(text 5), his new paper for the Institut had much more ambitious goals. It
was presented as a mere “extract” from a larger work in preparation; and
it was addressed to “savants and amateurs of the sciences”—that is, to both
experts and keen collectors—explicitly in order to enlist their collabora-
tion (text 6).> As in his eatlier paper, he introduced his subject with the
commonplace idea that the earth has undergone major “revolutions” in
the past. That term, in itself, merely denoted large-scale changes of state
in the course of time, though his own inclination to infer sudden and
violent events is clear enough. More significant is his sharp disjunction
between the “ancient world” and the present: the one interpreted as in
some sense chaotic, the other regarded by contrast as orderly.

Earlier attempts to create a history out of the apparent disorder and
confusion of the ancient world, for example Buffon’s, were dismissed as
mere fantasies. They were contrasted with Cuvier’s own heros, the natu-
ralists of the late eighteenth century, who had rejected such speculative
“systems” in favor of careful fieldwork: only a thorough understanding of
the present world, Cuvier claimed, could lead to reliable knowledge of the
past. He formulated the main problem in terms borrowed directly from
Deluc: it was that of defining the event at the boundary between the pres-
ent world and the past, the physical “catastrophe” that had resulted in

2. Cuvier is said to have punned unkindly on Faujas’s name, calling him “Faujas sans fond” (Fau-
jas without depth, substance, or content), which in French sounds similar to his real family name of
Faujas de Saint-Fond.

3. Like “naturalist,” the term “amateur” had no pejorative overtones of amateurism. It simply de-
noted someone who chose to pursue science—or, for that matter, music or literature or art— out of
sheer love of the subject; the standard of knowledge and competence of such “amateurs” might be
just as high as those who earned their living from the same activities.
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the present form of the continents. Cuvier claimed that the large mam-
mals that had lived before that event— the subject of his own research—
could provide uniquely decisive evidence about it, since their living
counterparts were more thoroughly known than any other group of ani-
mals. However, that required just the kind of careful anatomical com-
parisons that he himself was making, in order to establish that the fossil
species really are different from the living. As before, he explained how
such comparisons were necessarily based on his conception of the animal
organism as a functionally integrated whole.

What was new in this paper was that for the first time Cuvier showed
he was aware that his fossils were not all of the same age. He rejected the
assertion that fossil bones were found only in loose superficial deposits
(couches meubles): some came from solid strata. Those from near Paris
even underlay beds containing the shells of marine mollusks, which im-
plied that the animals had lived on land that had later been submerged
before reemerging to become the present landmass. Based on decidedly
scanty evidence, Cuvier even suggested that fossil animals differ from liv-
ing species in proportion to their age.

What Cuvier presented as his most important conclusion, however,
was his reiterated claim that 4// the fossils he could identify with confi-
dence— his list was now almost doubled in length—were distinct from
living forms, and therefore truly “lost” or extinct species (espéces perdus).
For others his material was too fragmentary for positive identification;
but Cuvier made it clear that he expected that they too would turn out to
be distinct. The only exceptions he allowed were certain bones from peat
bogs, but he dismissed these as not being true fossils.

Cuvier recognized that his conclusion left major unsolved problems:
how had the fossil species been “destroyed” and how had their successors
been “formed”? But as usual he declined to speculate on such matters.
Specifically, he relegated the question of the origin of new species to “meta-
physics,” and thereby implicitly excluded it from the scientific realm of
“physics,” or the study of true causes.

The purpose of this paper, however, was not primarily to report on
past research but to make claims for the future. Cuvier emphasized his
thorough methods: his use of workmen in the local quarries to search for
fossils, his inspection of private collections in Paris, and his correspon-
dence with savants and collectors farther afield. His collaborators were
carefully listed, in order to display his credentials; but above all, he openly
appealed for more assistance of the same kind throughout Europe. Con-
versely, he tacitly discouraged any potential competitors by reporting
how far his project was already advanced: particularly in the essential but
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expensive matter of illustration, he had already had no fewer than fifry
plates of drawings engraved, ready for publication.

The scientific Class at the Institut set its seal of approval on Cuvier’s
project by ordering that the paper be printed as a separate booklet, so
that it could be distributed without delay; doubtless Cuvier’s position as
one of the secretaries was an advantage here. Soon afterward the paper
was also printed in the Magasin encyclopédigque and in the Journal de
physique, de la chimie, et de Uhistoire naturelle (the periodical, now with a
new name, that had been one of Cuvier’s main sources of news when he
was in Normandy); and extracts were published in German, Italian, and
English journals. Cuvier’s correspondence shows that this wide distribu-
tion was highly effective: information and drawings soon started arriving
from all parts of Europe and even beyond.

TEXT 6

r——

Extract from a work on the species of quadrupeds of which the
bones have been found in the interior of the earth; addressed to
savants and amateurs of the sciences, by G. Cuvier, member of the
Institute, professor at the Collége de France and at the
Panthéon central school, etc.

Printed by order of the Class for mathematical and physical sciences of the
National Institute, on 26 Brumaire, Year IX [17 November 1800]

EVERYONE Now KNows that the globe we live on displays almost every-
where the indisputable traces of vast revolutions: the varied products of
living nature that embellish its surface are just covering debris that bears
witness to the destruction of an earlier nature. Whether one digs into the
plains, or penetrates into caves in the mountains, or climbs their torn
flanks, one encounters everywhere the remains of organisms [corps organi-
sés], embedded in more or less thick beds that form the outer crust of the
globe. Immense masses of shells are found at great distances from any sea,
and at heights that it would be impossible for seas to reach today; beds of
shale contain fish; seams of coal display the imprints of plants at heights or
depths that are equally striking. But what is still more surprising is the dis-
order that reigns in the accumulation of these objects: here, shelly beds are
covered by others that contain only plants; there, fish are superposed to
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terrestrial animals, and in turn have plants or shells above them. In other
areas, lava flows and pumice stone, the products of subterranean fires, are
mixed with products of the ocean. Almost everywhere these remains of or-
ganisms are utterly foreign to the climate of the ground that conceals them:
it is in the tropics that one finds the living analogues of the fossil shells and
fish of the north, and vice versa. In a word, just as nature has made the
present habitats of living species attractive, and taken care to provide for
their well-being and their conservation, so she seems to have been pleased
to leave them with monuments of her power in this disorder and apparent
confusion, and clear proofs of the upheavals [bouleversements] that must
have preceded the present order of the universe.*

These traces of devastation have always been striking to the human
mind. The legends [traditions] of deluges that are preserved among almost
all peoples are due to the marine fossils [corps marins/ scattered over the
whole earth. Legends of giants—no less universal—derive from bones that
are larger than those of any of the [living] animals of the climates in which
they are found from time to time. But these are not just vulgar ideas. Men
of another kind have sought to comprehend the whole generality of the
phenomenon, in order to ascend to its causes. They have excavated in the
ruins of the globe in order to find monuments of its physical history, just as
antiquarians excavate in the ruins of cities in order to find monuments of
the history of the crafts [arts| and customs of the people who lived there.
The Woodwards, Whistons, Leibnizes, and Buffons were unable to contem-
plate these objects without the disquiet that is a mark of genius.> Their
imagination, fired by such a grand spectacle, shot back into the past, and
believed itself present at these successive catastrophes, inundations, subsi-
dences, and conflagrations; they believed they were tracing a history, when
it was only that of their own creation.

Like men, however, the sciences have their stages of life. Given up in
youth to brilliant imaginative illusions, they become cooler and more rea-
soned in maturity. The creative geniuses that give them birth thrust them
into a career by a kind of inspiration, and they follow it almost recklessly;
and it is necessarily so. Timid spirits would start by noticing the obstacles;
but daring minds surmount them without perceiving them, and their ex-
ample encourages the timid. They in turn become involved; their progress
is slower, and they take no step without having recognized its difficulties

4. [This personification of “nature”—taking the place, in effect, of a providentially wise Cre-
ator—was a common feature of scientific writing in the Enlightenment; the effect is heightened in
French by the feminine gender of the word “nature.”]

5. [Buffon is here implicitly dismissed, by being associated with the authors of still earlier and —
in Cuvier’s opinion—cven more speculative “theories of the carth.”]
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and smoothed it out. The first guessed at nature rather than studying it;
the others, while thinking they are only verifying the systems they admire,
study it truly; and it is thus that the sciences—like peoples—pass from po-
etry to history.

The theory of the earth has thus taken a new direction in the past
twenty years. The Saussures, Pallases, and Dolomieus were less eager to at-
tract the admiration of their contemporaries by brilliant but fragile edi-
fices, than to set in place some solid foundations on which posterity could
one day construct a lasting monument.® They rejected all “system”; they
recognized that the first step to make in divining the past was to establish the
present firmly. Since then, instead of imagining causes, one has collected
facts. Mountains, veins, and strata have been penetrated in all directions;
one has assembled their materials and compared them with one another;
and already we possess a mass of genuine knowledge that far surpasses all
that could have been hoped for when this method began to find favor.”

There is, however, one part of the animal kingdom whose fossil remains
have been less studied, namely the quadrupeds. Attention has long been
given only to those fossil bones that are striking for their size or unusual
form. Sloane, Messer-Schmidt, Daubenton, and Pallas have thus made us
aware of the bones of elephants and rhinoceros scattered in northern coun-
tries, and have given birth to the quite widespread idea that tropical ani-
mals formerly lived in the north or that they were swept there by some in-
undation that took that direction.?

Continuing this research, Camper, Blumenbach, Hunter, Rosenmiiller,
and Faujas have well realized that such a cause is insufficient to explain all
the phenomena, and that the distribution of the fossil bones is nothing like
as regular as had been imagined; but they have not exhausted the matter.’

6. [Like Pallas, Saussure and Dolomieu had both been highly active in geological fieldwork.
Horace-Bénédict de Saussure (1740—99) had spent his life based in his native Geneva, but had ex-
plored the Alps intensively and traveled widely in other parts of Europe; he had died only the year
before Cuvier’s address. Déodar Guy Silvain Tancréde de Gratet de Dolomieu (1750-1801) had
taught at the Ecole des Mines in Paris, and had done much fieldwork in France, before joining the
Egyptian expedition. In 1799, on his return journey, he had been taken prisoner of war; he was re-
leased a few months after Cuvier delivered this paper, and returned to Paris as Daubenton’s succes-
sor at the Muséum, but he died soon afterward.]

7. [In this passage the French pronouns have been retained in translation, although this makes
the English somewhat stilted: they show how Cuvier slides deftly from “they” (the older naturalists)
through the inclusive “one” to the “we” that clearly embraces himself.]

8. [Sir Hans Sloane (1660 -1753) had been a famous English naturalist whose vast and varied col-
lections had become, after his death, the core of the new British Museum in London. Daniel Gott-
lieb Messerschmidt (1685—1735) had been a Prussian naturalist who traveled in Siberia.]

9. [Johann Friedrich Blumenbach (1752 -1840) was professor of medicine at the University of
Géttingen and a distinguished anatomist and physical anthropologist. William Hunter (1718—-83)
had been a fashionable and wealthy surgeon in London and had contributed to eatlier debates on
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Comparing the number of species they have examined with those that still
remain, it could almost be said that they have scarcely skimmed it.

However, this kind of fossil has no less interest than others for the the-
ory of the earth; one could even say that it is easier to reach a decisive re-
sult by examining the bones of quadrupeds than by studying those of all
other animal fossils. The principal question being to know the extent of the
catastrophe that preceded the formation of our continents,!® it is above all
a matter of determining whether the species that then existed have been
entirely destroyed, or solely modified in form, or simply transported from
one climate to another.!! Now it is clear that it should be easier to make
such an examination in the case of the mammal class than of all the others:
it is the least numerous, and we [already] know almost all its species. If
there are still some to be discovered, they are surely small and unimpor-
tant. It is almost impossible that any of the large ones have escaped pursuit
by travelers and the inquiries of naturalists. Furthermore, we now possess
the skeletons of almost all that are known. We can thus compare, and de-
cide with sufficient certainty whether any fossil bone does or does not re-
semble the analogous bone'? in living species. The case is not the same
with shells and fish: naturalists are still far from having observed all of
them; and each time we find an unknown [fossil] fish or shell in the earth
we can [always] suppose that the species is still living in distant seas or at
inaccessible depths.

Despite these reasons for preferring the study of the fossil bones of
quadrupeds, the distinguished men I named above have been hampered in
their research by two kinds of difficulty. First, these bones are more diffi-
cult to collect than all other fossils, and are rarely found well preserved.
The workmen who come across them give them little attention, because
they take them for the bones of men or ordinary animals; often even
savants have not perceived the subtle differences that distinguish them
from those of common species. Second, it is not easy to establish the neces-

fossil bones. Johann Christian Rosenmiiller (1771-1820)—a near contemporary of Cuvier—was
professor of anatomy and surgery at the University of Leipzig.]

10. [A formulation borrowed unmistakably and unquestioningly from Deluc. Cuvier is sure to
have read Deluc’s most recent exposition of his ideas, in his Letzres 2 Blumenbach (1798).]

1. [Cuvier’s formulation indicates how extinction, transmutation (evolution), and “transport”
(whether by migration or by a violent flood) were regarded as three alternative explanations for the
same problem, namely the lack of identity between fossil and living species.]

12. [Like all naturalists at this time, Cuvier uses the term “analogous” (analogue) to mean what
was later distinguished as “homologous”™; that is (in this case), for bones that have the equivalent
place in the skeleton, whether or not they had the same function and were “analogues” in the mod-
ern scientific sense.)
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sary comparisons everywhere. It is virtually just in our own day that com-
parative anatomy has emerged from infancy, and there are hardly two or
three places in Europe where the collections are complete enough to con-
tain all the specimens necessary for precise comparison. It is to these two
causes that we should attribute the imperfection of our knowledge of the
subject in question, and the errors that dominate [even] the most estimable
works.

I have already mentioned above the error that only the bones of tropical
animals are found in the north. Several authors still think that these bones
are exactly the same as those of living species; that they are never found ex-
cept in loose deposits [terrains meubles], where they could have been trans-
ported by rivers; that South America has no fossils of animals of the tropi-
cal zone of the Old World, although there are some in North America; and
that the Old World has no bones that belong to animals of the New. It is be-
cause the phenomenon has thus been poorly identified, that it has been
thought possible to explain it by the suppositions of a perpetual spring, an
inclination of the axis of the globe, a displacement of ocean basins, a grad-
ual cooling of the earth, and still others equally inadequate.

Having acquainted myself with the causes of these inaccuracies, I
thought I should concern myself with destroying them. I started by review-
ing all that had been done on this subject by my predecessors. I have com-
pared afresh the bones they mentioned, which I was able to procure, with
their living analogues. I have employed men to search for the bones that
are concealed in the quarries in the vicinity [of Paris]; I have visited the
cabinets in which they had been deposited; I began correspondence with
different countries, and the savants who live in them have sent me descrip-
tions and drawings of the fossil bones they have discovered there. I should
say that I have been supported with the most ardent enthusiasm and the
most noble disinterest, not only by my friends, but also by all the French-
men and foreigners who cultivate or love the sciences, whom it has been
possible for me to interrogate. The result of this combined effort has been
the most complete report that has yet been assembled, on the various
bones that have hitherto been recovered from the bowels of the earth.

But this was not sufficient. It was necessary to determine the genus and
spectes of each bone, of each substantial fragment of bone. It was necessary
to assemble the bones belonging to the same species, to reconstruct in some
way the skeletons of the animals; and then to compare the beings thus re-
vived [ressuscités] with those that naturalists have discovered alive on the
surface of our present earth, to determine their similarities and their differ-
ences. I will say more: it was necessary to penetrate within these frameworks
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[charpentes] to their real nature and to the way of life of the animals from
which they came.

This claim is not at all as fanciful fromanesque] as it will perhaps appear
to those who have no idea of the method that is followed in this kind of
research.

In the living state, all the bones are attached to each other, and form an
ensemble among which all the parts are coordinated. The place that each
occupies is always easy to recognize by its general form, and by the number
and position of their articulating facets one can judge the number and di-
rection of those that were attached to it. Now the number, direction, and
shape of the bones composing each part of the body determine the move-
ments that that part can make, and consequently the functions it can fulfill.
Each part in turn is in a necessary relation with all the others, such that up
to a certain point one can infer the ensemble from any one of them, and
vice versa.

For example, when the teeth of an animal are such as they must be, for
the animal to feed on flesh, we can be sure without further examination
that the whole system of its digestive organs is adapted for this kind of food,
and that its whole framework, its organs of locomotion, and even its sense
organs, are made in such a way as to make it skillful in perceiving, pursu-
ing, and seizing its prey. In effect, these relations are the necessary condi-
tions of existence of the animal, and it is evident that if things were not so
this animal could not subsist.

I have chosen this example as the most palpable and the most appropri-
ate to make conceivable the kind of reasoning that this research demands.
It can easily be sensed that not all the relations of the parts are as demon-
strable as these, and that one is often reduced to more tentative conjectures
and less certain conclusions; but at least it is always easy to assign the de-
gree of probability that belongs to each of these results. Besides, one does
not always have to work with isolated bones. Very often it happens that al-
most complete limbs are discovered; sometimes no part of the skeleton has
been separated from the others. In these happy cases the anatomist has al-
most nothing to do, for—I repeat—the skeleton determines the form of the
soft parts; and imagining those in turn covered by the skin, one has the an-
imal as it was when alive, apart from features of almost no importance such
as crests, manes, and other purely external parts with no influence on its
Inner nature.

It is by studying the fossil bones of quadrupeds on these principles, that
I have reached the results that I am going to expound in a general way, and
for which I shall give the evidence, with all the inferences [développemens]
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that can be drawn from them, in the work for which the present memoir is
as it were the prospectus [programme].

First, one finds abundantly, under the soil in all countries, bones differ-
ent from those of the animals that live at the earth’s surface today.

I say abundantly, for in all localities where a little care has been taken to
look for them, a great number have been found. There is not a day, for ex-
ample, when the laborers who work in the plaster quarries around Paris do
not discover some; and if there are not more in collections, it is because
collectors [curieux] have not shown enough interest in them, and the work-
men have thrown them away, failing to recognize their value.

I say in all countries, because it is only those that naturalists have not yet
been able to study at leisure, that have not yielded any. The soil of Siberia
swarms with them. There is hardly a region of Germany, Italy, France, En-
gland, Ireland, or Spain that does not have some. Ever since America has
been examined by educated people living locally, it too has yielded them.
Those from the banks of the Ohio have long been known; Dombey has
found others in Peru.’? The Spaniards have reported a complete skeleton
from Paraguay. The Philosophical Society of Philadelphia has just made
some more known from the United States.'* Tartary [central Asia] has
yielded some of them; and although we do not yet have any of them either
from Africa'® or from the large continent of New Holland [Australia], there
is every reason to believe that that is simply owing to lack of research.

Finally, I said that these fossil bones are almost always different from
those of the animals that live on the ground that conceals them, even when
otherwise they have a more or less complete resemblance to those of ani-
mals of other countries. Stony or earthy beds have no longer been forming
on our continents, since they have enjoyed their natural [i.e. present] cli-
mate. That is, when animals have died, their bones, exposed to all the ef-
fects of the atmosphere, are not slow to decompose. Decomposition is fairly
slow, although no less real, when these bones are buried in a loose deposit
[terre meuble], as happens in our cemeteries and drainage ditches. Only
stony stalactite is able, by enveloping them, to preserve them from corrup-
tion; !¢ apart from that, it is almost impossible today for fossil bones to be

13. [Joseph Dombey (1742~94) was a French naturalist who had traveled widely in South
America.]

14. [Probably an allusion to Jefferson, “Bones of a quadruped” (1799), published in that society’s
Transactions the previous year.]

15. It is said that there are some at Ceuta absolutely similar to those of Gibraltar. [Ceuta is on the
Moroccan coast opposite Gibraltar.]

16. [“Stalactite” was used to denote any stony incrustation, not just the icicle-like forms found in
some caves. |
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formed, and in effect we find none at all newly formed. Nowhere are there
any human bones: all that has been said to contradict that assertion has
been found false, whenever it has been possible in good faith to examine
the bones that were claimed as such.

Some authors, most recently Mr. Deluc, have thought that the fossil
bones of quadrupeds are always found in loose deposits [couches meubles],
the most recent of all those that envelop the core of the earth.!” This is not
generally so. Often they are embedded in true stone, either calcareous or
gypseous or even siliceous; and not only in caves or in fissures in the rock,
where—as I have just said—stalactite could have enveloped them recently,
but also in the natural beds of these rocks, and sometimes of very ancient
rocks. In this way those around Paris are in the middle of enormous beds
[bancs] of plaster, covered in turn by beds of oysters and other marine
shells. I even believe I have noticed a fact still more important, that has its
analogies in relation to other fossils: namely that the older the beds in
which these bones are found, the more they differ from those of animals
that we know today.

But it is the generality of this difference that makes it the most remark-
able and astonishing result that I have obtained from my research. I can
now almost assert that none of the truly fossil quadrupeds that I have been
able to compare precisely has been found to be similar to any of those alive
today.

I am well aware that if it were only a matter of the testimony of authors,
and even of respectable authors, one would find much to oppose me. With-
out mentioning the naturalists of yore, who found “human” fossil bones
everywhere, in our own day Gouan and Spallanzani say they have found
them; Esper claims that the bones in the caves in Franconia are the true
bones of polar bears; Pallas, that the mammoth of Siberia is in every way
similar to the elephant; and so on with others.!?

But this testimony soon evaporates under scrupulous examination; and
when some doubt remains, it is because the bones being examined are such
that they differ no more than from one living species to another living
species. For example, all the ruminants have teeth so similar that they can
be distinguished only by their size: thus two species of the same size have
teeth that are absolutely alike. It is thus impossible to conclude, from the
identity of the tooth of a fossil ruminant with that of a living species, that it
did not come from a different animal. Apart from this single case, all the

17. [When Deluc read this, he wrote to Cuvier to deny that he had ever made such a claim.]

18. [Antoine Gouan (1723-1821) was a physician and botanist in Montpellier. Lazzaro Spallan-
zani (1729—99) had been professor of natural history at the University of Pavia. Johann Friedrich Es-
per (1742—1810) was professor of natural history at the University of Erlangen.]
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complete fossil bones that I have seen are different from those of living
quadrupeds.

After lengthy research, and with the help of my predecessors and
friends, I have been able to restore [rétablir] twenty-three species, all quite
certainly unknown today, and which all appear to have been destroyed, but
whose existence in remote centuries is attested by their remains.!”

The one discovered longest ago is that of which the tusks yield the fossil
ivory so common in Siberia [i.e. the mammoth]. It was agreed that it could be
regarded as the same as the Indian elephant; but I have shown in another
memoir [text 3] that it differs quite substantially, and it was known before
me that it usually surpassed it in size. Its remains are found all over Europe
and Asia, right to the shores of the Arctic Ocean [mer glaciale]. Another al-
most complete skeleton of it was found last year near Gotha, in the same
area in which another was found at the beginning of this [i.e. the eigh-
teenth] century. A valley in the region of Canstatt in Swabia has furnished
eight skeletons of it. Two years ago a considerable part of one was found
near the village of Argenteuil, two leagues [6 miles] from Paris. It would be
impossible to detail here all the places where it has been unearthed.

The second of these species is that to which the English and the inhabi-
tants of the United States have transferred the name of mammoth, which
properly belongs to the first. It is as large as the previous one, but its enor-
mous teeth, armed with points, give it a distinctive character.® A huge
quantity of its bones is found in an area on the banks of the Ohio River, in
the west of the United States; almost all those in collections in Europe and
America are from there, but this species is also found in Siberia, Little Tar-
tary [European Russia], and Italy.

The third lost species is that of the long-headed rhinoceros, which, as |
have shown in another memoir, is essentially different from the four or five
species or varieties of living rhinoceros; it is common in Siberia and Ger-
many. A complete one has been found embedded, with its skin and flesh, in
the frozen land beside the Vilhoui, a river that flows into the Lena; which—
to mention it in passing—proves that the revolution that destroyed the ani-
mals I am speaking about was extremely sudden.

The fourth lost species is that which, in a separate paper [text 4], I have
named megatherium; this resembles on a large scale the quadrupeds called
sloths. A complete skeleton was found in Paraguay, and is now conserved in

19. [The low antiquity implied in this clause is in striking contrast to Cuvier’s casual assumption
of “thousands of centuries” a few years later (see text 8); but here it applied primarily to the bones in
the superficial deposits, whereas the latter phrase would refer to those in the Parisian gypsum forma-
tion, which, at least by that time, Cuvier realized is far older.]

20. [Cuvier later named it Mastodon.]
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the museum of the king of Spain; a very fine description of it has been pub-
lished in Madrid. Its remains are also found in North America, for the mega-
lonyx described by Mr. Jefferson does not seem to differ from it at all.!

The fifth species is the large bear of which the bones are present in
enormous quantities in some caves in Germany; and which has been rec-
ognized by [Petrus] Camper and Rosenmiiller as very different from living
bears. Another species of bear, which is found mixed with the preceding
one in the same caves, will form my sixth species; [Adriaan] Camper the
younger and I have been the first to recognize its differences.?? A species of
carnivorous animal from the same caves, intermediate between the wolf
and the hyena, will form the seventh.

The eighth species will be the animal related to the elk, which is found
in such abundance in Ireland, and of which the antlers are up to fourteen
feet across from one tip to the other. The English have described its bones
several times.

The ninth will comprise the large fossil turtles found in several coun-
tries, which it seems should be divided into several species.

The tenth is the large animal that passes for being of the lizard genus
and which is so well known under the name of the Maastricht crocodile.
The Campers (father and son) have devoted much study to it, and Citizen
Faujas has just given a complete description of it, as well as of the quarries
in which its bones are found.?

The eleventh will be the very remarkable reptile embedded in the shales
around Eichstatt, of which Mr. Collini has described an almost complete
skeleton, conserved in the museum at Mannheim. It was small, and appears
to have enjoyed the ability to fly, as the little lizard called the “dragon”
does today.?¢

The twelfth is another animal, either reptile or whale, also described by
Mr. Collini.

Apart from these twelve species, the bones of which have been discov-
ered or identified by others, I have collected or been the first to recognize
the characters of eleven others, most of which are found in France; namely:

21, [Cuvier later changed his mind on this. Jefferson had just published his paper (“Bones of a
quadruped,” 1799) in Philadelphia, based on fossils found in Virginia, and had named the animal
“megalonyx” (great claw).]

22. [Adriaan Gilles Camper (1759—1820) had inherited his father’s fine collection, and his inter-
est in anatomy; he had first made contact with Cuvier (by correspondence) only the previous year.]

23. [Cuvier later named it Mosasaurus.]

24. [Cuvier later named it “pterodactyle” (wing-fingered); it was in modern terms the first
pterosaur to be discovered, and came from the famous lithographic stone at Solnhofen in Bavaria.
Cosimo Alessandro Collini (1727~1806), a native of Florence, was director of the natural history mu-
seum in Mannheim; he had earlier been Voltaire’s secretary in Berlin.]
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1. The animal whose teeth, impregnated with copper, yield the western
turquoises. Many are found at Simore in Languedoc, where there was once
a quarry for these turquoises. One of its teeth has also been found near
Trévoux. Dombey has reported from Peru some teeth that appear to be of
the same species, many of which are impregnated in various places with
native silver. This species is very close to that of Ohio.

2. A species of tapir of which the bones are also found in Languedoc, on
the slopes of the Montagne Noire; it is of the same size as the living tapir,
which (as is well known) comes from South America, and differs only in the
form of its last molar teeth.

3. A second species of tapir, which I call giant on account of its size,
which equals that of an elephant; but its form does not differ at all from
that of the ordinary tapir. Its remains have been found near Comminge and
near Vienne in Dauphiné.

4- A species of hippopotamus, which resembles in miniature the living
hippopotamus, and which is no bigger than a pig. [ have found its bones in
a siliceous sandstone of unknown provenance.

5-10. The plaster quarries around Paris alone have given me six fossil
species, three of which I have already spoken about elsewhere. All six are of
a genus hitherto unknown, intermediate between the rhinoceros and the
tapir. The differences between them consist above all in the number of dig-
its in the feet, and in their size, which ranges from that of a horse to that of
a rabbit. I have such a large number of the bones of these species that I
could reconstruct [rétablir] their skeletons almost completely.

11. Finally I have just recently discovered the existence near Honfleur of
the bones of a species of crocodile, very close to that called the gavial or
crocodile from the Ganges, but nonetheless easily distinguished from it by
some striking characters.

So there, indeed, are the twenty-three species of animals unknown to-
day that I was certain of possessing. But those concealed in the earth are
not limited to these; and the following data—which I have not wanted to
put on the same level as the preceding, because they do not have the same
degree of certainty—are nonetheless sufficient to make us hope that we
shall soon be able to enlarge this catalogue of zoological antiquities.

I arrange these still uncertain data in three classes. First, I know some
fossil specimens fairly similar to the equivalents in living species, but which
come perhaps from species that differ in other parts. Such are

1. The bones of quadrupeds of the tiger genus, mixed with those of the
bear that I spoke of above. The specimens I have seen show hardly any dif-
ference from their analogues in the tiger and lion.

2. The head of a hyena, described by Collini and regarded by him as that
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of a seal. To judge from his drawing and description, it differs in no way
from that of an ordinary hyena.

3. The bones from the rocks of Dalmatia. | have seen some teeth from
there that are exactly like those of the fallow deer [daim], but perhaps the
animal differed in its antlers.

Next I have seen some other specimens that are not complete enough to
recognize clearly their identity or nonidentity with their [living] analogues.
Such are

1. The bones of large ruminants from the region of Verona.

2. Those of the same class from the Rock of Gibraltar.

3. The bones of rodents from the same Rock.

4. The bones of cetaceans of the dolphin genus or that of the sperm
whale, which Mr. Deborda d’Aureau found near Dax, and which he
thought belonged to crocodiles.

5. The bones of ruminants of several different sizes, some of which are
like sheep, found at Mont Abuzard near Orléans.

6. The bones from around Aix, from Cette [Séte], etc. I have indeed seen
some specimens of them, but so badly damaged that I cannot even identify
their class.

7. I have also heard or read accounts of a multitude of places where bones
are said to be found, but of which I have seen none. Such are the various
caves in the Crapac mountains, the Harz, the Dalmatian islands, the isle of
Cerigo [Kythera], the environs of Concud in Aragon, those of Cadiz, ete.

Finally, in the third class of uncertain bones [ put those that are com-
pletely like living species, but which, having been found in peat bogs, could
have been buried there by various causes, without having to be regarded
for that reason as true fossils. Such in particular are the bones of cattle, buf-
falo, aurochs, and water buffalo, which are so frequent in the marshes and
peaty depths of Europe and Asia. Siberia, Germany, Holland, Scotland, and
above all the Somme valley in France have all yielded a large number of
them. Here then again are several unidentified species, some of which will
probably need to be added to the twenty-three that have been identified.

This remarkable number has been collected or identified in only two
years, and that by a man who has utilized no other means than his own zeal
and the favor of several friends of the sciences. From that can be judged
what the attention of naturalists could produce, aroused by these first find-
ings and, above all, in due time, that element so necessary for the perfec-
tion of all our knowledge. If so many lost species have been restored [ré-
tablies] in so little time, how many must be supposed to exist still in the
depths of the earth! How much will the ideas we already had about the
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revolutions of the globe be enlarged by these circumstances that were hith-
erto unknown: animals that formerly lived on the earth’s surface, buried
under entire mountains; between them and the present surface, traces of
the successive passages of seas; an earth, a primitive nature, which was not
at all submissive to the empire of mankind, and of which only some half-
decomposed bones remain to us! How were these antique organisms [étres
antiques| destroyed? Is not metaphysics itself even more embarrassed by
these facts than simple physics? And is not this new production of organ-
isms perhaps more inconceivable than any other part of the phenomenon?

It seems to me at least that what we have already recognized is impor-
tant enough to commit us to further research, and 1 hope the friends of the
sciences will want to continue to favor me. I only ask them for what it is im-
possible to obtain without their friendship: I mean reports of fossil bones in
their possession or at their disposal. If they are willing to let me have draw-
ings made of these bones, I will defray all the costs that those drawings en-
tail. For my part, I shall endeavor to render them all the services that are in
my power, by identifying the objects that I have at my disposal to study, and
which could be useful in their own study and research. This reciprocal ex-
change of information [lumiéres] is perhaps the most noble and interesting
commerce that men can have. I shall take the greatest care to record in my
work the names of all those who will have contributed to its perfection, and
I shall make use of the discoveries that are communicated to me, only in
assigning glory to their true authors.

The most celebrated foreign naturalists, Messrs. Blumenbach, Camper,
Fortis, Fabbroni, Brugmans, Autenrieth, Jiger, and Wiedemann;® my
colleagues Lacépede, Faujas, Daubenton, Hermann, Gillet, Leliévre, Bosc,
Brongniart, Dolomieu, and Fischer;?¢ the owners of the finest collections,

25. [Giovanni Battista (Alberto) Fortis (1741-1803), a priest in the Augustinian order, was a
naturalist in Bologna, well known for his extensive travels. Giovanni Valentino Martia Fabbroni
(1752—~1822) was a naturalist who held various official positions in his native Florence. Sebald Justin
Brugmans (1763—1819) was professor of medicine and chemistry at the University of Leiden. Johann
Hermann Ferdinand Autenrieth (1772—1835) was professor of medicine at the University of Tiibin-
gen. Karl Christoph Friedrich von Jager (1773—1828) was a physician and naturalist in Stuttgart.]

26. [Bernard Germain Etienne de la Ville-sur-Illon, comte de Lacépéde (1756 —1825), was profes-
sor of natural history at the Muséum and a prominent French politician in Paris. Johann Hermann
(1738 -1800) was professor of the natural and medical sciences at the University of Strasbourg.
Frangois-Pierre-Nicolas Gillet de Laumont (1747-1834), Claude Hugues Leliévre (or Le Litvre,
1752~1835), and Alexandre Brongniart (1770~1847) were all in the Corps des Mines in Paris. Louis
Augustin Guillaume Bosc (1759—1828) was an agriculturalist and horticuleuralist in Paris. Gotthelf
Fischer von Waldheim (1771-1853) was professor of natural history at the University of Mainz (and
later held a similar position in Moscow); he too counted as a “colleague,” because Mainz had been
annexed by France, and its university brought within the French system.]
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Drée, Besson, and Saint-Genis;?’ the trustees of several public museums in
France and abroad: [all] have helped me with their advice and with facts
that have come to their attention, and have informed me about the speci-
mens that are found at their disposal.

Such men should encourage others to follow their example, and I have
no doubt that they will find worthy imitators. It is with this confidence that
I have requested the class of the Institute to which I have the honor to be-
long, to recommend me in some way to men who could be useful in my en-
terprise, by ordering the printing of the prospectus of my work. The favor
it has shown me, in acceding to my request, is a sure guarantee of the wel-
come I shall have from the savants of Europe. Besides, I believe I have a
kind of right to that welcome, by the highly advanced state of my work. Al-
ready I have more than three hundred drawings; fifty plates have been
completely engraved and many others started; and I am waiting for nothing
more, before having my book published, than the information that the
present paper can procure for me.

The Botanic Garden at Paris
10 Frimaire, Year IX [1 December 1800]
G. Cuvier

Translated from Cuvier, “Espéces de quadrupédes” (1801).
27. [Auguste Nicholas de Saint-Genis (1741-1808) was a lawyer, writer, naturalist, and agrono-

mist in Paris. The other reference may be to Alexandre Besson (1758 —1826), a former Jacobin politi-
cian who ar this time was director of the saltworks in the east of France.]



THE ANIMALS FROM THE GYPSUM

BEDS AROUND PARIS

7T he Peace of Amiens in 1802 made England accessible to Frenchmen

A for the first time for many years, and Cuvier planned a visit to Lon-
don to add the rich English collections to his store of material on fossil
bones. But that plan was aborted by the first of his many governmental
appointments: he traveled for several months in the south of France,
directing the reorganization of secondary education there.! Just before
he left Paris he was appointed full (¢itulaire) professor at the Muséum,
on the death of Mertrud; he took the opportunity to have the chair
redefined as “comparative anatomy.” While he was away, his function
as one of the secretaries of the scientific Class at the Institut was con-
verted into a highly paid tenured position (secrétaire perpétuel). As he
punned to an Italian friend, its duties now made him “perpetually fixed”
in Paris;2 but it did finally establish the financial and professional se-
curity of his career. The following year, at the age of thirty-four, he

- married the widow of a victim of the Revolution—like Lavoisier, a tax

1. By the time Cuvier returned to Paris, the fragile peace had collapsed, and the renewed war de-
layed his first visit to England until 1818, after the fall of Napoleon.
2. Quoted in Outram, Georges Cuvier (1984), p. 67, from a letter to Fabbroni in Florence.
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collector (fermier-général)—and acquired a ready-made family of four
children.?

Meanwhile the foundation of the Annales du Muséum had given Cu-
vier and his colleagues their own medium of publication, including—
what was indispensable for the natural history sciences—a generous al-
lowance of engraved illustrations. In the first volume (1802) Cuvier and
Geoffroy, together with their senior colleague Jean-Baptiste de Lamarck
(1744 —1829), the professor of insectes et vers (i.e. invertebrate zoology),
reported jointly that the mummified animals that the Egyptian expedi-
tion had found in ancient tombs were all of modern species. The pos-
sible significance of that fact in relation to theories of transformism (or
evolution) received no comment, probably because the three authors could
not agree on what it was (see text 19, sec. 33). Cuvier also contributed sev-
eral papers on molluscan anatomy. The next volume carried a formal re-
port of the establishment at the Muséum of Cuvier’s separate collection
for comparative anatomy; four papers by Faujas, three of them on fos-
sil vertebrates, showed that Cuvier still had no monopoly on such mate-
rial. In the third volume (1804), however, Cuvier began to publish what
soon became an astonishing torrent of papers on the bones of fossil ani-
mals. These were in effect preprints of what, eight years later, he collected
and reissued as his Recherches sur les ossemens fossiles (Researches on fossil
bones, 1812).

In fact the first two of these papers were not on fossils at all. If the os-
teology of a relevant living species was not well known, Cuvier presented
a study of it as a prelude to his subsequent analysis of the related fossil
species, so that the basis for the comparison was fully in the public realm:
nothing could have indicated more clearly how his method was to base
inferences about the past on knowledge of the present. One of the first
papers, for example, dealt with the poorly known living tapir, and was
followed immediately by a paper in which some fossil bones and teeth
were identified as tapir-like. It is no accident that Cuvier chose this
particular paper to make his debut as a fossil anatomist in the Annales.
Its conclusion was striking, because the living animal was known only
from South America, whereas the fossils were from France. He made
sure the moral was clear to geological theorists. He claimed that “all hy-
potheses based on the Asiatic origin of our [European] fossils are hereby

3. Cuvier’s subsequent family life was marked by tragedy. His own first child died in infancy, and
two others—including the next Georges—died in childhood; such mortality was all too common
at the time. In 1827 his last child, Clémentine, died at the age of twenty-two, shortly before her mar-
riage; Cuvier found the loss almost unbearable, and it clouded the last five years of his own life.



ANIMALS FROM THE GYPSUM BEDS AROUND PARIS

destroyed”; and he added, in what was becoming a familiar refrain, that
“geology” needed the “touchstone” (pierre de touche) of reliable facts on
which to build its “systems.”

Other papers published by Cuvier in the Annales the same year in-
cluded a full description of the megatherium, with a translation of what
Bru had published in Spanish soon after Cuvier’s report (text 4) first up-
staged him. Cuvier also analyzed the fossil animal that Thomas Jefferson
had first reported from Virginia and named the megalonyx: Cuvier now
interpreted it as a cow-sized carnivorous sloth that had probably preyed
on the “Ohio animal.” In addition to such papers on fossils, Cuvier also
threw in half a dozen on living mollusks, for good measure.

Cuvier’s most important papers, however, concerned the fossils from
around Paris. As already mentioned, these came as it were from his own
and his colleagues’ doorstep. Although they had been keenly sought by
collectors, they had been little studied by Cuvier’s seniors in the field,
and they were a much tougher challenge for his methods than any of the
more recent fossils. A long series of papers, stretching over the next four
years, dealt with successive parts of the skeleton of the commonest fos-
sils, starting with the skull and teeth as the most revealing parts. Since his
lecture on them at the Institut six years eatlier (text 5), further study—
and not least the discovery of significant new specimens—had in fact
convinced Cuvier that they belonged to two separate genera with several
species in each. He named the genera Palaeotherium (ancient beast) and
Anoplotherium (unarmed beast). The discovery—at just the right time—
of an almost complete skeleton of a sheep-sized species of the former,
was a fortunate chance that confirmed his inferences based on separated
bones (fig. 9). Reflecting on this strange fauna, consisting almost wholly
of what he termed pachyderms, he drew an analogy with the present mam-
malian fauna of Australia, likewise almost wholly of one group, namely
the pouched marsupials such as kangaroos. He tantalized his readers by
claiming that the analogy was important for “establishing some conjec-
tures” on what the Paris region had been like at the remote “epoch”
when the fossil animals had been alive, but he did not specify what the
conjectures were.

As in his earlier lecture at the Institut (text 5), Cuvier claimed that it
was not difficult to reconstruct the muscles and other features, once the
skeleton was reliably assembled; and he inferred for example that these
animals had had a short trunk, like a tapir’s. It should be emphasized,
however, that here and in his other papers on fossils the goal of recon-
struction remained not only subordinate but also largely unfulfilled: Cu-
vier's primary aim was simply to “determine” or identify the zoological
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FIGURE 9 A relatively complete skeleton of the Palacotherium minus, found near Paris
in 1804: an engraving published by Cuvier the same year.

affinities of fossil bones, and to assign them to their correct place—a
new place, if necessary— on the taxonomic map.

In this case, however, Cuvier did in fact write a brief paper to con-
clude his series on the palacotherium and anoplotherium, in which he
described the procedures he used to reconstruct their skeletons (text 7).
The paper was illustrated by engravings of the skeletons of those species
for which there was adequate material; the lively poses he gave them leave
no doubt about how profoundly he understood the functional anatomy
of any mammals (see fig. 10). He even suggested in words what the ex-
tinct species would have looked like, if fully reconstructed as living ani-
mals. But this paper was not published in the Annales, and Cuvier’s series
on the palaeotherium and anoplotherium petered out rather tamely in
1808, without any general synthesis. Only when the papers were reissued
four years later in Ossemens fossiles did he add his modest verbal and pic-
torial reconstructions.

Perhaps Cuvier was afraid that if he published his reconstructions in
the Muséum’s own periodical, his colleagues would accuse him of the
speculative bent he criticized so strongly in others. Certainly he never
published the superb drawings that he also made, probably around this
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FIGURE 10 Cuvier’s published reconstruction of the skeleton of Palacotherium minus,
one of the mammals from the gypsum around Paris. Note his careful distinction between
the parts for which he had positive evidence, and those he inferred only by analogy
(drawn with dotted lines).

time, showing both the skeletons and the inferred soft parts of several
species, as if the animals had been caught in motion by an X-ray camera
(see fig. 11). Whatever Cuvier’s failure of nerve may have been—if that
was what it was— one of these reconstructions deserves inclusion in this
volume, as a clear indication of what he at least aspired to achieve with
his work on fossils.*

TEXT 7

—e

General summary and reconstruction of the skeletons of the different
species [of mammals from the plaster stone around Paris|

HAVING OBTAINED all the pieces of the skeletons of our animals—by the
lengthy and laborious analysis that has filled the six preceding papers—and
having assigned to each separately its appropriate place, it was then a mat-

4. A revised version of his verbal reconstructions was published in the second edition of his Osse-
mens fossiles (1821—24), with outline sketches of the bodies of four species (both texts and pictures are
reproduced in Rudwick, Scenes from deep time [1992], pp. 32-37). By this time Cuvier’s reputation
was unassailable, and he had even more material to substantiate his inferences.
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ter of creating a synthesis, bringing them together, making an assemblage
out of them, and reproducing before our eyes, if not the whole animals, at
least their bony framework.®

For this purpose we took the most complete fossil skeletons that we had,
as the basis of our work on each genus; and then, searching in the preced-
ing papers for the bones that are missing from the skeletons but that belong
to the same species, we have added them on.

We first employed drawings, using only dotted lines—after the example
of geographers—for the parts restored by mere conjecture, and continuous
lines for those parts copied from the actual specimens [fig. 10]. We then
imagined an even more convincing means, which has been successful for
certain parts. For example, we possessed a large enough number of sepa-
rate bones from the feet of Anoplotherium commune, that in sorting them
by size we were able to reconstruct the four feet, just by substituting what
was missing from the bones of one side with replicas in wax of the bones
from the opposite side. We have thus brought together all the pieces, after
detaching them from the gypsum, by placing them on a bed of clay (because
they are too fragile to be assembled otherwise); and we have made them
parts of the skeleton as if they had come from the same individual, even
though it was necessary to use pieces from perhaps twenty individuals. In
this way it has been easier to draw these parts correctly; and the effective
reunion of all these bones makes it more striking to the observer that he
was obliged to assemble them solely by thought,® after having laboriously
learned to recognize each of them separately.

This procedure having been very successful for Anoplotherium com-
mune, we tried it on the palaeotheriums; and although we were less rich in
the bones of that genus, we have also managed to assemble some parts of
which we made the same use.

There can thus be no doubt that the drawings that accompany this pa-
per, which offer the general result of our research on the unknown animals
whose bones fill our gypsum quarries, represent very closely the skeletons
of these animals as they would have been if we had drawn them immedi-
ately after their death.

ANOPLOTHERIUM COMMUNE
... Here therefore is the osteology of our animal, completely reconstructed;
all the attachments of the muscles are thus given, and the muscles them-

5. [At this point in the revised version of this article, Cuvier added the set of reconstructed body
outlines mentioned in note 4.]

6. [That is, by applying anatomical knowledge of the relations between the bones, rather than by
direct observation.]
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selves can easily be put back in place. Whoever considers the animal thus
reproduced will be struck by its heavy build, its short stout limbs, and
above all its enormous tail. Except for the size of its limbs, it had much the
same stature as the otter, and it is highly likely that it often moved in or on
the water, like the otter, especially in marshy places. But this was doubtless
not in order to fish there. Like the water rat, the hippopotamus, and all
kinds of boar and rhinoceros, our anoplotherium was a herbivore; thus it
went in search of the roots and succulent stalks of aquatic plants. Given its
habits as a swimmer and diver, it must have had sleek hair like the otter, or
perhaps its skin was even semi-bare like the pachyderms of which we have
just spoken [in the previous volume]. It is not likely either that it had long
ears, which would have impeded it in its aquatic mode of life, and I can
readily conceive that in this respect it resembled the hippopotamus and
other quadrupeds that live mostly in water.”

ANOPLOTHERIUM MEDIUM
...8 One can see that, whereas the gait of 4. commune would have been
heavy and shuffling when it walked on land, [4.] medium must have had
agility and grace [fig. 11]. Light like the gazelle or roe deer, it must have run
rapidly around the marshes and ponds in which the 4. commune swam. It
must have grazed on the aromatic plants of the dry ground, or browsed on
the shoots of the shrubs. Its movement was doubtless not hampered at all
by a long tail. Like all agile herbivores, it was probably a timid animal; and
large, highly mobile ears, like those of stags, would have warned it of the
least danger. Finally, its body was without doubt covered with short hair,
and consequently we lack only its color, in order to portray it as it formerly
enlivened this countryside [around Paris], where it has been possible, after
so many centuries,’ to unearth its scanty remains. It should be noted in
passing that if, thus reclothed in its skin, it had been encountered by some
of those naturalists who want to classify everything according to external
characters, they would not have failed to rank it with the ruminants; and
yet by its internal characters it is quite far from them, and very probably it
did not ruminate.

7. [Cuvier's manuscript drawing of his reconstruction of this species (one of the same set as
fig. 1) is reproduced in Rudwick, Scenes from deep time (1992), fig. 15.]

8. [The final sentence of the preceding summary of Cuvier’s specimens of the bones of this
species gives a vivid sense of the impact of the new specimens he acquired during the course of his
work: “The length of this same bone [the femur] could already be conjectured from that of the
humerus, and at the moment that I was writing I had just received a complete one.”]

9. [Again a very modest expression of their age. See his much bolder guess in text 8, perhaps
written a little later than this paper.]

10. [Another criticism of those taxonomists who did not value Cuvier’s anatomical expertise as
much as he claimed they should.]
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FIGURE 11 Cuvier’s pen-and-ink drawing— never published in his lifetime—showing
his reconstruction of the “soft” anatomy of Anoplotherium medium, one of the fossil
mammals from the gypsum around Paris. The bones are drawn in black ink, the inferred
soft parts in gray.

ANOPLOTHERIUM MINUS

... If A. medium was the roe deer of our region, in the antediluvian world,"
A. minus was the hare: the same size and the same proportions of its limbs
must have given it the same degree of strength and speed, and even the
same kind of movements.

PALAEOTHERIUM MAGNUM
... There is nothing easier than to represent this animal in its living state,
for it is only necessary to imagine a tapir as large as a horse. A naturalist
who would have taken the trouble to count its digits would indeed have
found one fewer on the forefoot; if he had examined its molars, which so
many naturalists today fail to do, he would have found still other differ-
ences. But for most people there would only have been that of size; and if
one can count on the analogy, its hair was short, or indeed scarcely more
than that of the tapir and the elephant.

11. [Cuvier uses the conventional term “antediluvian” to denote the world thart existed before
whatever “catastrophe” had caused the extinction of the fossil mammals. He was later to claim that
the catastrophe was indeed to be equated with the biblical Deluge and equivalent stories in other an-
cient cultures.]
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PALAEOTHERIUM CRASSUM
... This species resembled the tapir still more than the last, for it did not
differ even in its size and proportions; and unless its hair was very different
I am persuaded that most travelers would have confused these two animals,
if they had existed at the same epoch.

PALAEOTHERIUM MEDIUM
... This again was a tapir in appearance, but higher on its legs, and with
longer and more delicate feet.

PALAEOTHERIUM MINUS

... If we could have brought this animal back to life as easily as we have re-
assembled its bones, we would have thought that what we were seeing run-
ning was a tapir as small as a sheep, with light and spindly limbs; that was
definitely its form.

PALAEOTHERIUM CURTUM
Finally, there was among these four species a fifth, the Palaeotherium cur-
tum, with limbs shorter than in the smallest [i.e. P, minus], and almost as
stout and squat as in the second [i.e. P. crassum]. This would be the ex-
treme in heaviness and ungainliness [mauvaise grace/. But so that this con-
trast does not surprise us, does not the sluggish wombat crawl, as it were, in
the midst of the agile family of jumping kangaroos, climbing opossums, and

flying phalangers?

Translated from Cuvier, “Rétablissement des squelettes” (Restoration of skeletons), published
in Ossemens fossiles (1812) but probably drafted several years earlier. The passages omirted
from the text about each species simply give cross-references to the particular specimens de-
scribed and illustrated in the papers on the different bones, as the basis for each reconstruction.
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f all the material that was evidently pouring into Cuvier’s working
space at the Muséum from the gypsum quarries around Paris, one
small specimen was so important that it merited a paper of its own (text 8).
Marveling at the happy chance of its preservation and discovery, Cuvier
referred quite casually to its age as likely to be some “thousands of cen-
turies.” Since he was certainly aware by now that the Paris formations
were among the youngest known (apart from the loose superficial de-
posits), the phrase indicates that his implicit sense of the timescale of the
whole of earth history was quite vast enough to be literally unimaginable.
From the details of the skeleton, and particularly its teeth, Cuvier sus-
pected that this precious fossil had been a marsupial. If correct, the infer-
ence was highly significant, because it would show that the tapir was not
the only fossil animal from France whose living relatives were found only
in the New World and—in the marsupial case—in Australia. So Cuvier
staged a risky test of the anatomical principles that underlay all this re-
search. He sacrificed a part of the unique specimen in order to excavate
in search of the distinctive “marsupial bones” that support the pouch in
living marsupials. In the presence of witnesses who could vouch for his
having stated his prediction in advance, he duly found the crucial bones
(fig. 12). It was a spectacular vindication of his zoological principles.!

1. Good modern replicas of the two halves of the little specimen are prominently on display in
the Galerie de Paléontologie at the Muséum National d'Histoire Naturelle in Paris. Anyone who sees
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With further study Cuvier decided that the specimen belonged to the
opossum genus; this meant that the Paris fossil had its closest affinities
to animals now confined to America. Research by Geoffroy (who had re-
turned from Egypt in 1801) on the living species of opossums enabled
Cuvier to confirm as usual that the fossil species was distinct from any of
them. Once again, he drew the moral for “geology”: clear “facts” such as
this helped to destroy the proliferating “systems” that had been pro-
posed, and thereby cleared the ground for real progress. His spectacularly
successful anatomical prediction led him to make the bold claim that his
own science could aspire to the same kind of quasi-mathematical cer-
tainty—at least probabilistically—as more prestigious sciences such as
Newton’s celestial mechanics and Lavoisier’s new chemistry. Tacitly he
was seeking to ally himself with his colleagues in the “exact” (physical
and mathematical) sciences at the Institut, and distancing himself from
Muséum colleagues such as the self-styled “geologist” Faujas.

TEXT 8

p——

Memoir on the Almost Complete Skeleton of a Little Quadruped of
the Opossum Genus, Found in the Plaster Stone near Paris

IT IS WITHOUT DOUBT a really admirable thing, this rich collection of
debris and animal skeletons of an ancient world, assembled by nature in
the quarries that surround our city, as if preserved by her for the study and
instruction of the present age. Every day some new remains are discovered
there; every day adds to our surprise by proving more and more that none
of what then peopled the earth in this part of the globe has been preserved
on our present soil; and these proofs will doubtless be multiplied to the ex-
tent that more interest is shown in them and more attention given to them.
In certain beds there is scarcely a block of gypsum that does not conceal
some bones: how many millions of these bones have already been destroyed,
since the quarries began to be exploited and the gypsum used for building!
How many are being destroyed even now by simple negligence, and how
many by their small size still escape the eye of even the laborers who are most
attentive to collect them! One can judge this by the piece I am going to

them there should be impressed by Cuvier’s manual dexterity as well as by his understanding of
comparative anatomy. (The original specimen, still unique, is kept securely behind the scenes).
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FIGURE 12 Cuvier’s drawings of part of a unique specimen of a fossil marsupial from
the gypsum near Paris, before (right) and after (left) he had excavated below part of the
backbone (4) to expose the marsupial bones (2, 2) he had predicted.

describe. The lineaments that are found printed there are so faint that one
must look at them very closely to grasp them; yet, how precious are these
lineaments! They are the imprint of an animal of which we find no other
trace, of an animal that, buried perhaps for thousands of centuries [milliers
de siécles], reappears for the first time under the eyes of naturalists.

This piece consists of two stones that were collected, and between which,
as it were, this skeleton is shared. The first is larger and more complete than

the other [fig. 12].2

[Here follows a detailed analysis of the skeleton, a lengthy discussion of
its affinities, and the conclusion that it belonged to a pouched mammal
or marsupial, either of the opossum genus (sarigue) of the Americas, or to
the dasyure genus of Australia.]

Pouched animals, as is known, are distinguished from all other quad-
rupeds by two long flat bones, which articulate with the anterior edge of
the pubis and serve to support the sides of the pouch, in which these ani-
mals carry their young for so long, and which fulfills the extraordinary role
of a second womb.

It was necessary to find these bones in this fossil skeleton, or else my
demonstration would remain incomplete for those little used to zoological

2. [A single picce of rock had been split open, revealing the skeleton shared between the two
surfaces. ]
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laws and affinities. I noticed that, at the time that the stone was divided into
two parts, each bearing an almost complete imprint of the animal, the
backbone was split longitudinally; and that its dorsal side remained on the
stone on which one sees the head, while the anterior or ventral side was on
the opposite stone. I judged immediately that the anterior part of the pelvis
must be sunk in the substance of this second stone, under the film that
remained at its surface, and which formed part of the sacral vertebrae.
So 1 sacrificed the remains of these vertebrae, between a and b on fig.
[12, right], and between the two sections of the innominate bones, ¢ d,
e f. I excavated carefully with a sharp steel point, and had the satisfaction
of exposing to view the whole anterior portion of the pelvis, with the two
supernumerary or marsupial bones that I was looking for, in their natural
position and wholly similar to their analogues in the opossums,

This operation was done in the presence of some persons to whom I had
announced the result in advance, with the intention of proving to them—
by the act—the justice of our [i.e. his own] zoological theories, since the
true hallmark [cachet] of a theory is unquestionably the power it provides
to predict phenomena. I depict this precious piece at natural size and with
the most scrupulous exactitude in fig. [12, left]. The marsupial bones are
at a, a.

From then on, nothing was left to be desired for a complete demonstra-
tion of this proposition, already so singular and indeed important, that
there are in the plaster quarries that surround Paris, at a great depth and
under various beds filled with marine shells, the remains of animals that can
only be of a genus now confined entirely to America, or else of another con-
fined entirely to New Holland. Up to now the tapir is the only American
genus that we have found in fossil form in Europe: the opossum would be
the second. As for the genera peculiar to Australasia, they had never been
discovered among Europe’s fossils.

[Here follows a discussion of the various living animals that have been
called opossums.]

To return to my fossil, it was scarcely less curious or less embarrassing
for the geologists, whether it was of the New World or of Australasia, that
other world still newer to Europeans and above all to naturalists. But the
object of my research is to procure light, not embarrassment, for geology.
Thus I could only believe I had half fulfilled my task, if I could not manage
to destroy this doubt that still remained with me, to determine for myself
between these two continents, and to decide finally between the opossum
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genus and that of dasyures. By reflecting on this problem, by examining
and excavating my stone, I had the good fortune to find a means of resolv-
ing it,

[Here follows a discussion of the structure of the foot; and the conclu-
sion that the fossil belongs to the genus of opossums.]

Thus the question is decided as far as it can be, and our previous propo-
sition is more rigorously determined and reduces to this: there are in our
[Parisian] quarries the bones of an animal of which the genus is today ex-
clusively found in America.

[Here follows an enumeration of the eight known living species of opos-
sum, as they are being studied by Cuvier’s “learned colleague Geoffroy”;
and the conclusion that the fossil belongs to none of them, although it is
closest to the mouse opossum (Didelphis murina).]

I will not enlarge on the geological consequences of this paper. It is clear
to all who are a little acquainted with the systems that relate to the theory
of the earth, that it overturns almost everything that concerns animal fos-
sils. Until now one wanted to see in our northern fossils only Asian animals;
it was also readily agreed that Asian animals had passed into America and
had been buried there at least in the north; but it seemed that the Ameri-
can genera had [not]? left their native soil, and that they had never ex-
tended to the countries that today form the Old World. This is the second
proof that I have discovered to the contrary:* persuaded as I am of the fu-
tility of all these systems, I find myself pleased each time a well-established
fact comes and destroys one of them. The greatest service one can ren-
der science is to make a clear space there, before constructing anything; to
start with all these fantastic edifices that obstruct [hérissent| the avenues
[of progress], and that hinder from participation all those to whom the ex-
act sciences have given the felicitous habit of acceding to evidence, or at
least of ranking propositions according to their degree of probability.’ With
this last precaution, there is no science that cannot become almost geomet-

3. [The negative required by the sense is missing.}

4. [The first was the tapir teeth found in France, the living tapir being thought to be confined to
South America.]

5. [The striking use of the verb “hérisser” suggests an image of paths overgrown with tangles of
thorny shrubs, needing drastic action with shears to clear a way through. The irony intended in the
rest of the sentence should be clear.]
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rical:¢ the chemists have proved as much in recent times for theirs,” and I
hope that the time is not far off when one will be able to say as much of the
anatomists.

Translated from Cuvier, “Petit quadrupéde du genre de sarigues” (Little quadruped of the
opossum genus, 1804), omitting the purely anatomical passages.

6. [The allusion is to the geometrical foundations of the celestial mechanics of Newton,
which—so it was widely held—had just been perfected by Cuvier’s powerful colleague at the Insti-
tut, Laplace (Méchanique céleste, 1799—1805); it may also refer to Kant’s famous denial of the possi-
bility that biological sciences could ever share that status (see text 19).]

7. [An allusion to the newly rigorous and quantitative chemistry developed by Lavoisier before
his death during the Revolution, continued since then by his collaborators (among them, Laplace).]
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uvier’s repeated sniping at “geology” and “geologists” must have in-

furiated his colleague Faujas, the professor of that science at the
Muséum, particularly since the criticism was so relentlessly negative. Cu-
vier might claim, as in his paper on the fossil opossum (text 8), that his goal
was to throw light on “geology,” not to cause its practitioners embarrass-
ment; but this must have sounded hollow, as long as he so consistently
refrained from making any positive suggestions about the geological im-
plications of his research. However, Cuvier’s reluctance to be more ex-
plicit about his own conjectures was clearly related to what he saw as the
disciplinary status of the various sciences. He was concerned above all to
promote his own science of comparative anatomy, by showing it was as
rigorous as the physical sciences; if it was to be applied—in the matter of
fossils—to the speculative area of “geology” or “theory of the earth,” the
contrast had to be firmly established.

Those disciplinary constraints could be relaxed, however, if he was
not primarily addressing his colleagues. In 1805 he gave courses of lec-
tures both at the Athenacum and at the College de France, bearing for
the first time the title “Geology”; and his course on physiology at the
latter institution was also introduced with lectures on geology.! These

1. The surviving records of the lectures (see below) make it likely, but not certain, that he spoke
about “geology” in three separate courses. The manuscripts need much more detailed study, before
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FIGURE 13 A portrait of Cuvier around the time of his first lectures on geology (1805),
based on a painting by Frangois André Vincent. The engraver, Miger, also engraved some
of Cuvier’s plates of fossil bones, and taught the craft to Cuvier himself.

courses, and particularly the first, put him into public view, even more
than before, as one of the most prominent men of science in Paris (fig. 13).
His audiences consisted mainly of students and the general bourgeois
public; indeed, his fellow savants apparently thought his course at the
Athenaeum would be a mere popularization of no scientific interest, and
learned too late that Cuvier was making novel and important claims.

a definitive account of Cuvier’s lectures can be given; what follows is merely a provisional synthesis,
which should suffice for the purposes of this volume.
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Cuvier’s full notes for his courses have not survived. A very brief set of
preliminary notes for those at the Athenaeum (text 9) seems to be his
first draft of the main claims he planned to make in that course, with a
few of the empirical observations he intended to mention in their sup-
port. Scrappy though they are, these notes do at least show how he in-
tended 4is “geology”—in contrast to most of his predecessors—to be a
science based on fossils, as the main evidence for the major changes the
earth has undergone. He intended to use them to argue (1) that since the
oldest rocks lacked any fossils, life had not existed eternally; (2) that not
only had dry land emerged from the sea, but also that the sea had in-
vaded the land; and (3) that there had been a sequence of different forms
of life. He then planned to claim—as he had done already in his pub-
lished papers— that some of these changes had been sudden, and could
not have been caused by any physical agency currently at work. The ar-
gument would be backed by citing some well-known field observations,
most of which he knew only from his reading.

This outline is consistent with a synopsis of Cuvier’s subsequent
lectures, written by a well-informed Italian member of his audience.
Giuseppe Marzari Pencati (1779—1836) was a young nobleman from Vi-
cenza, who was visiting Paris to improve his knowledge of the sciences;
in particular he was studying “geology” with Faujas. According to Marzari
Pencati, Cuvier followed Buffon in dividing the history of the earth into
several “epochs” or periods.? There had first been a primal universal
ocean, which precipitated the Primary rocks. Life had arisen when conti-
nents were also formed. The present continents, Cuvier argued, were not
immeasurably ancient, and might have emerged from the sea no more
than ten thousand years ago. There was no evidence to support a trans-
formist view of life: human and animal mummies showed there had been
no organic change since the time of the ancient Egyptians. There was
also no evidence of gradual change between fossil and living animal spe-
cies; on the contrary, all the evidence pointed to the reality of extinction.
In particular, no human fossils were known.

None of this was strikingly original, though Cuvier had not previ-
ously adopted so publicly Deluc’s well-known views on the recent date
of the emergence of the present continents. However, Marzari Pencati
also recorded that Cuvier, like Buffon and Deluc before him, expounded
the history of the earth as a sequence of six periods, and equated that

2. The original manuscript is among Marzari Pencati’s papers now preserved in the Biblioteca
Comunale Bertoliana in Vicenza; the following summary is based on thar given in Corsi, Age of
Lamarck (1988), pp. 182-83.
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sequence—at least in broad outline—with the “days” of creation in
Genesis. How strongly that theme was stressed is difficult to judge: Mar-
zari Pencati recorded that Cuvier merely noted that “the oldest of books
is Genesis, which for whatever reason always tallies with the geological
record.” This was hardly a novel claim, and certainly not comparable to
Deluc’s fervent advocacy of the parallel between geology and the creation
story: it was simply based on the observation that “the geological record
shows us that fossil fish are always found underneath, and mammals
above ... never men, the latest and newest creations.”3

Nonetheless, Marzari Pencati’s report of the lectures, as sent to a natu-
ralist in Deluc’s native city of Geneva (text 10),* shows that Cuvier was
perceived by his audience as making an abrupt volte-face: from having
been assumed to be on the side of the atheists, he seemed to have switched
to the newly powerful party of religious orthodoxy (Cuvier’s own views
on this point are discussed below).

On the very day that Marzari Pencati wrote that letter about the
course at the Athenaeum, Cuvier began his physiology course at the Col-
lege de France with—rather surprisingly—five lectures on geology. An-
other young nobleman and naturalist, Jean-Baptiste Julien d’Omalius
d’Halloy (1783-1875) from Li¢ge in the southern Netherlands (now Bel-
gium), wrote a synopsis of the lectures; again, Cuvier’s own notes have
not survived.> Cuvier began with arguments to refute Buffon’s claim that
there had been a gradual cooling of the globe; he then tried to improve
on the older naturalist’s attempts to estimate the timescale of whatever
changes had in fact taken place; the third part was devoted to a review of
Buffon’s “theory of the earth,” and those proposed before and since his
time; and finally Cuvier put forward his own theory.

Cuvier presented himself here as a worthy successor to the greatest
naturalist of the Old Regime, the director of the institution from which
the Muséum had been reformed; Buffon’s theory was the linchpin of

3. As translated in Corsi, Age of Lamarck (1988), p. 184. The word “creations” was used generally
and casually by naturalists; it was quite compatible with the belief that new kinds of organism had
come into being by some unknown natural (“secondary”) cause, rather than by the “primary” cause
of direct divine action.

4. This brief text is the only one in this volume that is not by Cuvier himself. It deserves inclu-
sion because it gives an important insight into how the religious implications of Cuvier'’s geology
were perceived by the Parisians who attended his lectures; it has frequently been cited and quoted by
historians, but as far as I am aware it has not previously been translated into English.

5. The geological lectures were given from 20 Floréal to 2 Prairial, Year XIII (10—22 May 180s).
The synopsis by d’Omalius has only recently come to light, and has been summarized by Grand-
champ (“Cours de géologie,” 1995); it forms a small part of a massive collection of notes on the
many lecture courses that d’Omalius followed while in Paris. He became a leading geologist in what
later became Belgium.
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Cuvier’s review of eatlier “systems.” As for his own theory, it was based
on the insufficiency of “slow causes” to account for what he argued had
been occasional “sudden changes.” But apparently he emphasized that
those “revolutions” had not been universal or global: on the contrary,
they had been local and particular to different “basins.” According to
d’Omalius, Cuvier noted that they were as yet poorly known, that they
would need to be studied in each region separately, and that “it is impos-
sible to assign general laws to them”; the argument probably reflects Cu-
vier’s growing awareness of the complexity of the events recorded by the
Parisian formations in which some of his most interesting fossils were be-
ing found (texts 7, 8). As for the biblical implications of geology, Cuvier
may not have mentioned them at all; at least d’Omalius recorded no such
remarks.

Finally, Cuvier seems to have given a separate course on geology, dur-
ing the same year at the Colleége de France. Again no notes of his own
survive, but a detailed synopsis by yet another auditor—this time an
anonymous one—gives a good impression of their content.® Evidently
Cuvier used much the same material as for his course at the Athenacum:
one was given on the Left Bank of the city, the other on the Right, and
there was probably little ovetlap in their audiences. The following sum-
mary therefore incorporates a general evaluation of all his lectures.

Cuvier explained that there were two distinct sources of evidence—
organic and inorganic—for learning about the earth’s “revolutions.” Nat-
urally he gave pride of place to the fossil evidence, which was not only his
own field, but also the more novel aspect of the subject. He reviewed the
different kinds of fossil in the traditional order of the “scale of beings”—
though he had now dropped any overt reference to that ancient con-
cept—from the “highest” animals down to the plants. The mammals, the
focus of his own research, therefore came first and were given the most
detailed treatment. Cuvier summarized work that he had only just be-
gun to publish in the Annales du Muséum, so that there was much here
that would have been new even to his colleagues, had they been there to
hear it.

By contrast, when Cuvier moved on to consider the inorganic evi-
dence about the earth, his course contained little that was at all original.
This was not his science. Indeed he had been scorning “geology” until
now as a tissue of unsubstantiated speculations; and his chosen career

6. The manuscript is preserved in the Bibliothéque de I'Institut de France in Paris (MS 2378/6).
Its title, “Abrégé des legons de géologie faites au collége de France, en I'an XIII” (Synopsis of lessons
on geology given at the Collége de France in Year XIII), seems to refer to a course distinct from ci-
ther of those summarized above.
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path as a museum naturalist had deprived him of the opportunity to see,
at first hand and #n the field, most of the phenomena that geological the-
ories were designed to explain. But he had picked up what was common
knowledge among savants who did deal with such matters. He set his
own research into the broader context of a history of the earth. It owed
most to the traditions of fieldwork, and specifically to the German prac-
tice of “Geognosie.” As mentioned in chapter 1, geognosy was the careful
description of the successive rock formations that composed the earth’s
visible crust, with relatively little attention to high-level causal theorizing
about how the structures described had come into being. However, there
was a broad tacit consensus about the kind of earth history suggested by
that descriptive work; in the work of theorists such as Deluc, it became
explicit (see text 2).

Cuvier adopted this standard model quite uncritically. He outlined a
history in which the oldest rocks, the “Primitive” or “Primary” forma-
tions, dated from a period before there was any life on earth; they had
been precipitated from an initially universal “liquid.” Further precipita-
tions had produced further formations, and at a certain point life had be-
gun, as shown by the appearance of fossils, both marine shells and land
plants. At least some of these “Secondary” rocks, however, had been
formed not by chemical precipitation but by the erosion of older rocks,
since conglomerates (solidified gravels) showed rounded pebbles of one
rock embedded in another. Still younger formations contained the fossil
remains of vertebrate animals; but there were no true human fossils, and
man was evidently a very recent arrival on the scene.” During all this
long history the initially universal “liquid” had been transformed by suc-
cessive chemical precipitations into the merely salty water of the present
seas and oceans; and as its global level fell (with some oscillation), the
continents had emerged.

Cuvier’s application of the language of “revolutions” to this scenario
was also unoriginal, since in itself the term simply denoted major
changes in the course of time: as on previous occasions he assumed that
the reality of such changes was uncontroversial. It is important to note
that he distinguished general revolutions, or changes that had affected
the whole globe, from “partial” ones the effects of which had been re-
stricted to particular regions; and he implied that revolutions had tended
to become more localized in the course of earth history.

7. The Primary and Secondary formations of geognosy cannot be correlated in any simple way
with the Precambrian, Paleozoic, Mesozoic, and Cenozoic of modern geology. They correspond bet-
ter (though not precisely) with the informal distinction, well understood by modern geologists,
between “hard-rock” and “soft-rock” regions.
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However, Cuvier added to the general idea of “revolutions” the claim
that many of the changes had been sudden and violent “catastrophes.”
But this too was unoriginal, being correctly identified by Marzari Pencati
(text 10) as similar to the claims of older savants such as Dolomieu, Saus-
sure, and Deluc. Cuvier referred explicitly to sudden revolutions as hav-
ing been repeated many times during the history of the earth, but he fol-
lowed his mentors in focusing on the most recent such event. This was
not only the one for which the evidence was clearest, precisely because it
was the most recent; it was also of course the one in which the place of
man in that history was implicated. As he had suggested in some of his
earliest work (text 3), Cuvier clearly regarded the most recent revolution
as the one that separated the present human world from one that had
been essentially prebuman. Had there been human beings before that
event, he argued, their fossil remains should have been found.

What was novel about Cuvier’s presentation on this point, and evi-
dently a surprise to his audiences, was his claim that the last revolu-
tion—and hence also the appearance of man—had been very recent in
geological terms. Since he had used the language of “thousands of cen-
turies” quite casually (text 8) to describe the likely age of the Paris fos-
sils—which in turn he now knew were relatively recent in the history of
the earth—it is clear that his conception of the whole timescale was far
from being restricted; a claim that only about ten thousand years might
have elapsed since the last revolution made that event recent indeed.
What mattered about the claim, however, was not so much the figure in
itself, but rather its relation to the history of man.

Cuvier had much earlier adopted the metaphor of the geologist as the
“antiquarian” (or archeologist) of nature, with fossils as the “monu-
ments” of nature (text 5). More recently, however, he had begun to be in-
volved in the work of those for whom the reconstruction of ancient hu-
man history was no metaphor at all, but an everyday reality. He and
some colleagues at the Muséum had been co-opted as consultants—on
matters of natural history—for the French edition of the celebrated Asi-
atick researches.® This was the learned periodical in which British schol-
ars, many of them employed in India, had been publishing their epoch-
making work on the translation and interpretation of Sanskrit and other
ancient oriental texts. Such studies made Cuvier aware—if he was not
already— of the long-running and often acrimonious debates about the
chronology of human cultures.

8. It was published only a few months after Cuvier’s lecture course: Labaume, Recherches asia-
tiques (1805).
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The scholarly study of historical “chronology” had been an ideologi-
cal minefield since the seventeenth century, because it had been used both
to support and to undermine Judeo-Christian claims for the uniqueness
of the revelatory events recorded in the Jewish scriptures, or Old Testa-
ment. Critics of that tradition had argued that its privileged position was
fatally undermined by the records of other ancient cultures (particularly
the Egyptian), which recorded a far greater human antiquity, of tens or
even hundreds of thousands of years; whereas the religious had retorted
that the alleged records were clearly no more than myths, legends, or
fables.” The development of critical methods of textual analysis had
tended to favor the latter view, and by Cuvier’s day the work of the ori-
entalists had helped consolidate a scholarly consensus. This was, as he
correctly summarized it, that there was no good evidence to carry the
textual records of 2ny human culture any further back than a very few
thousand years.

For Cuvier, that helped substantiate what several older naturalists
whose work he respected, particularly Deluc and Dolomieu, had already
concluded on physical grounds. Like them, he claimed that the conti-
nents now inhabited by man had existed in their present form for no
more than a few thousand years. Before that time, their surfaces had been
on the seabed; if there had been other continents at that earlier period—
as the fossil remains of terrestrial plants and animals implied—they had
been situated elsewhere, perhaps in parts of the globe now beneath the
sea. Cuvier therefore outlined a synthesis between the natural and the
textual evidence, and inferred that human cultures dated only from after
the most recent revolution, in which the present continents had emerged
from beneath sea level.

That conclusion, however, immediately recalled the arguments re-
peatedly put forward in the prolific publications of the indefatigable
Deluc, who made no secret of the fact that for him its importance lay in
the support it gave to the historicity of the deluge story in Genesis. How
much sympathy Cuvier had for that inference is difficult to tell from the
evidence now available. In his course on geology at the Collége de France
he may not have spoken about it at all: his summary of the various an-
cient cultures whose records bore on the problem did not even mention
the one that was crucial from Deluc’s point of view.!°

9. Knowledge of ancient Egyptian history was still based only on secondhand reports in the clas-
sical Greek literature; the hieroglyphic script was not deciphered until the 1820s, partly on the basis
of the trilingual Rosetta Stone discovered by the French military expedition to Egypt.

10. It is just possible that it was discussed at the end of the course (the last sheet of the auditor’s
manuscript is missing).
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In any case, for Cuvier—though not in the same way for Deluc—the
last or most recent revolution was not unique as a physical event (though
it was, necessarily, in relation to the history of man). It had been just one
of a series of similar events that had occurred repeatedly, either globally
or in localized form, at various times during the earth’s history. Revolu-
tions, whether sudden or not, were clearly part of the natural order of
things. Cuvier offered few suggestions about their causes, however, evi-
dently because no conjectures seemed satisfactory. His queries about pos-
sible explanations for the apparently vast fall in global sea level indicate
that he felt in such matters that he— or any other theorist—was merely
clutching at straws; but the form of the queries shows unequivocally that
he assumed the causes must have been wholly natural and physical in
character.

The parallel question of the causes of change in the organic world, on
the other hand, was highly charged with more problematic implications.
Suggestions about the natural transformation (in modern terms, evolu-
tion) of species were generally considered—both by their proponents
and by their critics—to carry ineradicable implications of philosophical
“materialism,” and therefore of irreligion. Such speculations had been
circulating in Paris for some years, but had been easily dismissed by sa-
vants such as Cuvier, on the grounds that they were incompatible with
current scientific knowledge. However, in 1800 such “transformist” views
had been publicly adopted by one of his own colleagues, in a course at
the Muséum. That had made the matter much more serious.

The colleague was Lamarck, already mentioned as the professor of in-
sectes et vers (“insects and worms”; in modern terms, of invertebrate ani-
mals); he had earlier been a distinguished botanist. But Lamarck re-
garded himself above all as a wide-ranging “philosopher-naturalist,” of a
kind that was utterly antithetical to Cuvier’s more modern and “discipli-
nary” conception of scientific work. Lamarck had published his own
highly speculative “theory of the earth” three years earlier (Hydrogéologie,
1802); and just as Cuvier was giving his lectures Lamarck was publishing
an almost equally speculative paper on geology in— of all places—the
Annales du Muséum (“Considérations sur la théorie du globe,” 1805). Yet
Lamarck was a colleague far too powerful for Cuvier to attack openly,
even in a course for the general public.

In his lectures, therefore, Cuvier seems to have prudently chosen an
easier target for his criticism of transformist speculations. De Laméthe-
rie, the editor of the Journal de physique, had just published a book ex-
pressing evolutionary ideas, which could be ridiculed more easily than
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Lamarck’s.!! Cuvier was clearly hostile to the materialistic overtones of
current transformist theorizing, but it does not necessarily follow that he
regarded species origins as supernatural; certainly he was careful to use
neutral language to refer to the causes of the origins of new forms of life,
and even of man.

At least in his course at the Athenaeum, Cuvier evidently disap-
pointed the antireligious elements in his audience, by failing to take their
side as they had expected. The comments of Marzari Pencati (text 10)
make it clear that Cuvier had been regarded as a skeptic in religious mat-
ters, like many other Parisian intellectuals, so it was dismaying to that
party to find that such a heavyweight savant had apparently abandoned
them. Conversely, the side to which Cuvier seemed to have given at least
tacit support felt it was politically in the ascendant. The pope had just ar-
rived in Paris to witness Napoleon crown himself as self-styled emperor,
thereby consummating the reconciliation between the papacy and the
French state, after the anti-Christian campaigns of the Revolution. That
event appealed to a nostalgia for the supposed religious certainties of the
Old Regime, and reinforced a tendency to equate any kind of modern
thinking, not least in the sciences, with the irreligion of the Revolution.
So Marzari Pencati thought at first, with some cynicism, that Cuvier’s ap-
parent espousal of geological opinions compatible with the creation nar-
rative in Genesis was mere political opportunism.

The records of Cuvier’s work, however, seem to confirm what Marzari
Pencati concluded on further reflection. Cuvier was not simply trim-
ming his sails to current political winds, but rather taking the opportu-
nity to make his personal views explicit, in a popular forum where he felt
he could relax the rigorous standards appropriate to meetings of savants.
Nonetheless, the timing of his remarks was probably not coincidental. If
the foundations of science—as Cuvier conceived them —were under at-
tack from materialists, so too was the legitimacy of scientific work under
attack from religious conservatives. Cuvier may well have felt that he was
caught in the middle, between two egually unattractive factions. He may
have considered it important to use the occasion to defend his kind of

11. Lamarck himself has been taken to be the direct target (Burkhardt, Spiriz of system [1977],
p- 195; Corsi, Age of Lamnarck [1988], p. 181); but the wording of the report translated here in text 10
suggests it was de Lamétherie’s book. In any case, however, Lamarck’s ideas were certainly under
covert attack. That Cuvier had dropped any explicit reference to the scale of beings is probably due
to its use by Lamarck and others, as the basis for their transformist theories: they conceived the evo-
lution of life as having—at least in broad outline—ascended the scale from “lower” organisms to
“higher” in the course of time.
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science, in the far from liberal climate of Napoleon’s regime: he needed
to show the general public that the new science of geology—in which
his own work on fossils was now deeply implicated —was not necessarily
antireligious, either in tone or in its implications. But he must also have
felt, equally, that geology was yielding reliable new knowledge that was
incompatible with the literalistic biblical interpretations being promoted
by some religiously conservative writers at just this time.!?

TEXT ¢

E—y

Course at the Lycée ' in Year XIII [1804—5], on Geology

GENERAL PLAN
It is in beds with fossils that there are the strongest proofs that the globe
has not always been as it is at present.

STATE OF FOSSILS

Simple fossils'4~petrified and metallized —embedded in stones etc. They
are not sports of nature [jeux de la nature]'>—proved by their texture and
chemical composition. They do not form by themselves the beds that con-
tain them.'¢

Prop[osition 1]. The parts that contain no organized bodies at all are the
most ancient. Thus organization [i.e. life itself] has not always existed.

Prop|osition 2]. Granitic mountains are not stratified [par couches/.””

Prop|osition 3]. There have been several successive changes of state, from
sea into land, from land into sea, and in one and the same sea.

12. Notably in the famous Génie de Christianisme (Genius of Christianity, 1802) by Fran-
cois-Auguste-Réné