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FOREWORD 

Life, as Such 

Paola Marrati and Todd Meyers 

Trained in philosophy and medicine, Georges Canguilhem ( 1904-95) con
tinues to exert tremendous influence on the history and philosophy of sci

ence-an influence that can hardly be overstated. Canguilhem was a major 

point of contact between philosophers in France throughout the twentieth 
century, including figures such as Michel Foucault, Louis Althusser, Fran-

90is Jacob, Jacques Lacan, Pierre Bourdieu, and Jacques Derrida, to name 

only a few. Over his long career, Canguilhem was a professor in Strasbourg 

and at the Sorbonne, where he took over from Gaston Bachelard as director 

of the Institut d'Histoire des Sciences et Techniques of the University of 

Paris. He also served as inspector general of philosophy and later as a mem

ber of the French agregation committee, a position that gave him consider

able power over examinations and training in philosophy. In his most widely 

known work, Essai sur quelques problemes concernant le normal et le pathologique 

( 1943), later republished under the title Le normal et le pathologique ( 1966; 

in English as The Normal and the Pathological), Canguilhem addressed how 

the concepts of the "normal" and the "pathological" arise and take hold in 

medicine. In La formation du concept de rejlexe aux XVII et XVIII siecles ( 1955), 

he turned his attention to the formation of the concept of "reflex" and how 

it shaped ideas in the history of biology and physiology. Other works by 

Canguilhem that have been translated into English include Ideology and Ra

tionality in the History of the Life Sciences ( 1 988) and A Vital Rationalist: Selected 

Writings ofGeorges Canguilhem (1994). 
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In the opening statements of his introduction to Knowledge of Life, 

Georges Canguilhem strongly affirms what can be considered the guiding 
thread not only of the eight essays collected in the volume but of all of his 
philosophical, historical, and epistemological works. l  According to Canguil
hem, contrary to what a long and influential tradition holds, there is no 
conflict between knowledge and life, no fundamental divide between the 
supposedly pure and disinterested procedure of reason and science, on the 
one hand, and the supposedly obscure and irrational power of life, on the 
other. Canguilhem considers these two complementary assumptions to be 
deeply misleading: they are prejudicial both to the task of the historian of 
science and to the arguably even more important task of understanding the 
specificity of the human form of life.  

Knowledge, like any other human activity, cannot avoid the question of 
its meaning; those who believe that knowledge exists for its own sake, as an 
autonomous quest that would set apart those who pursue it from "life" and 
its needs, in Canguilhem's view, simultaneously admit the necessity of a 
meaning of knowledge and fail to assign one. They fail to see that thinking 
and knowing do not separate humans from life. Rather, they separate hu
mans from the world and their milieu; they create the distance necessary to 
doubt and evaluate, to look for ways to overcome obstacles, reduce insecuri
ties. Knowledge, for Canguilhem, is a "general method" for solving, di
rectly or indirectly, the tensions that arise between humans and the milieu. 
The conflict is not between knowledge and life but between humans and 
the milieu: knowledge, as a human practice, is a way of transforming the 
world, of finding a new balance with the milieu, of creating a new form of 
life. In this sense, knowledge is a form of life, belongs to life, but then life, 
human and nonhuman, cannot be considered a "blind and stupid" force.2 
To recognize that knowledge is never for its own sake but belongs to a form 
of life that it constantly helps to renegotiate and modify calls not only for 
a different conception of knowledge but also for an altogether different 
understanding of life. 

Grounding knowledge in life does not, for Canguilhem, amount to ques
tioning the ambitions of reason and rationality, to underplaying science as 
a utilitarian device among others: he aims, on the contrary, to highlight the 
fact that life as such produces knowledge, that there is nothing essentially 
iTrational about its power, as is assumed by those who oppose life to thought. 
Humans do not need to separate themselves out from the realm of living 
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beings in order to think, to forget that they are animals; certainly, humans 
exercise thought to a higher degree, and animals cannot solve most of the 
problems that we set up for them. But this is because, Canguilhem notes, 
these are our problems, not theirs. Knowledge, as the capacity to solve prob

lems, may and indeed does vary in different animals, but it is produced by 
life. Hence the double meaning of the title: "knowledge of life" is simulta
neously and inseparably the knowledge we have of life when we take it as 
on object, and the knowledge that life itself produces. 

The awareness of the reciprocal belonging of life and knowledge not 
only undoes the deeply rooted divide between an abstract conception of 
knowledge and a murky perception of life: it also demands respect for the 
specificity of the living as an object of science. In Creative Evolution, Henri 
Bergson insists on the intimate interplay between life and knowledge: 
emerging from life as one of its products, knowledge in turn modifies life.  
Human cognitive practices emerge as a particularly powerful instance of a 
tendency that is expressed by all living beings: the capacity to solve prob
lems in new and creative ways. The difference that constitutes living does 
not consist in an inexplicable force that will forever elude science but in this 

internal and active relation to knowledge.3 Canguilhem's preoccupations 
are certainly different from those of Bergson, but on this critical point he 
accepts the legacy of Creative Evolution and, more generally, of vitalism. 

Canguilhem's continually reaffirmed interest in the different traditions 
of vitalism is not a purely historical one but, rather, methodological and 
philosophical. Vitalism, as he understands it, is first and foremost a demand: 

it cannot be identified with any specific medical or biological doctrine; it 
does not consist in the affirmation of any particular set of properties that 
would define "life ." "What vitalism affirms is the need to keep the question 
of the sense of the relation between life and science open: such a question 
in its general form is important from a philosophical or epistemological 
perspective, but it becomes particularly pressing for the life sciences, which 
cannot ignore it without compromising their own inquiries. The specificity 
of biology or medicine, for Canguilhem, is not due to a state of knowledge 
that is insufficently advanced (a gap that recent discoveries, some may argue, 
would have filled) but is irreducible. The specificity of biology and medicine 
depends on the fact that living beings have a normative relation to life. By 
"normative," Canguilhem means that living beings are not, and cannot, be 
indifferent to the conditions of their life, both to the internal conditions of 
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the organism, let us call them "health" and "disease," and to the external 
conditions provided by the natural and social milieu in which they interact. 
Xavier Bichat, according to Canguilhem, expressed this simple but often 
neglected fact by noticing that it wouldn't make sense to have a branch of 
physics called "pathology," but pathology is a necessary category for the 
life sciences. Canguilhem's most famous work, on the concepts of the nor
mal and the pathological, attempts to understand what is at stake in the vital 
norms that living beings constantly renegotiate and modify, how these 
norms are different from and should not be confused with or reduced to 
social norms, even when, as it is the case for humans, they interact. 

The truth of vitalism consists in repeatedly calling attention to the co
originarity of knowledge and life, in trying to unfold the consequences of 
this reciprocal belonging, and in reminding us that the problem of sense 
and value is not a philosophical construction that could be dispensed with 

but a tendency expressed by vital norms. This is not to say that human 
forms of life should be understood as the expression of some sort of "bio
logical determinism": all the historical and philosophical work of Canguil
hem, not to mention his ethical and political commitments, speak against 
such an idea. This is to say, rather, that human history has to be understood 
in the context of the history of life, a task for which the notion of "biological 
determinism" is of little help, to say the least. 

These sets of problems may constitute the philosophical part of Canguil
hem's work, but they cannot be separated from questions of method and 
history. Within Canguilhem's work the three seemingly separate threads 
make contact again and again, binding objects and concepts. Here method 
is not a set of predetermined operations or tasks put to use in solving exist

ing questions, whether in philosophy, science, medicine, or the history of 
their continual intersections and departures. Method, strictly speaking, is a 
concern with ways of knowing. With close attention to the writings of Rene 
Descartes, Auguste Comte, and Claude Bernard, Canguilhem moves out
side the usual paths, transgressing the boundaries of conventional under
standings of scientific progress. Canguilhem shows how these authors speak 
to each other when one would least expect it and how they diverge again 
according to a nonlinear understanding of history. Canguilhem's historical 
epistemology opens a window onto debates within the life sciences at the 
beginning of the genetic revolution-exposing the ground upon which con
temporary understandings of life take hold. 
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Essential to method-method that moves beyond simply secU1-ing an an

alytic perspective-is creativity. Through the pioneering neuropsycholo

gist Kurt Goldstein, to whom Canguilhem returns again and again, the 
understanding of biological knowledge is taken to be a "continued creative 

activity . . .  coming increasingly in reach of our experience."4 There is little 

question that this activity signals something productive and pragmatic, re

plete with potentialities and openings. But such a perspective also intro

duces "experience" as a necessary condition of biological knowledge as 
much as its outcome, whether that experience is rendered as the tension 

between the organism and its milieu, the singularity of the growth and 

generation of individual organisms, or the collective processes of adapta

tion and inheritance of species. s For Canguilhem and Goldstein-and, for 

that matter, Bernard-at the core of experience are questions regarding 

experimentation, with all the tensions and affinities between "experience 

[l'experience] " and "experiment [l'experience] ," in terms of translation and 

interpretation, not to mention the different ways these two terms are used 

throughout. In this context the stakes for method are high. As the subtly 

problematic title of his book already indicates, the knowledge of life does 

not represent a single direction-of thought unmaking its object. Instead, 
we find two movements: knowledge and life each coming to rest on the 

other. Canguilhem writes that knowledge (la connaissance) does not destroy 

life (la vie) but "undoes the experience of life . . .  in order to help man 

remake what life has made without him, in him, or outside of him."6 In 

this regard, knowledge and life can no longer be considered outside of a 

historical perspective. At the intersection of knowledge and life, we begin 
to see the relation between philosophy, method, and the last thread of the 

book: history. 

In Knowledge of Life, we are confronted not with a single history but with 

many singular histories. History can be approached much in the same way 

Canguilhem approaches the notion of individuality (a concern that is ex

pressly biological and philosophical). Through Lamarck, Canguilhem cau

tions against theories of substitution, against the assumption that a single 

organism in one milieu can offer all the necessary conditions for describing 

and understanding another seemingly like organism. A similar caution ap
plies to history. Events and concepts are not always so easily traced in a 

linear, progressive pattern and cannot hang upon a single scaffold, even 
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when they seem (or have always been assumed) to share qualities or attri
butes. With this we can hear an echoed warning from Bergson regarding 
general theories that can contain everything and therefore tell nothing.? 
It is important to recognize that science and medicine, their work, their 
geographies (physical and conceptual), particularly in regard to a concern 
with the normal and the pathological, are for Canguilhem "nothing less 
than an introduction to concrete human problems."8 It is in this way that 
we can say that in Knowledge of Life Canguilhem does not create an artificial 
divide between concepts of life and the living. 



TRANSLATORS' NOTE 

Stefonos Geroulanos and Daniela Ginsburg 

In translating La connaissance de la vie, we have sought to balance exactness 

with readability. Where necessary, we have adjusted Canguilhem's punctua

tion to clarify the meaning of his text. Otherwise, we have tried to keep as 

close to the original formulations as possible without impeding readability. 
In the case of major French terms that have more than one English 

equivalent, we have translated according to context rather than choosing a 

single, all-encompassing English term. We would like to note some impor

tant choices. 

Assimiler in French means either "to compare,"  "to liken,"  or "to assimi

late." We have chosen a translation according to context, but readers should 
keep in mind that the difference is more pronounced in English. 

Comportement means both "behavior" and "comportment." We have 
preferred "behavior" except when Canguilhem is referring to the total com

portment of an organism, that is, where an organism's behavior and con

scious action are not at stake. "Behavior" should not be read through the 
prism of behaviorism-toward which Canguilhem was hostile. 

Sens in French encompasses "sense," "meaning," and "direction." We 

have generally rendered it as "sense," sometimes preferring "meaning." For 

signification we have used "meaning" or "signification," also depending on 
context. 

Experience in French means both "experiment" and "experience." The 
oft-noted contrast between the separate terms in English and the single one 

in French has been important to the different conceptions of science in the 
French- and English-speaking worlds since the nineteenth century, while 

XlIl 



xiv Translators' Note 

the ambiguity of experience has also played a role in critiques of experimenta
tion by twentieth-century French epistemologists, notably Gaston Bache
lard, Alexandre Koyre, and Canguilhem himself. We note this, but we have 
maintained the distinct English terms. 

For the French words finalite and finalisnze in " Machine and Organism," 
we have generally used the term "finalism" when a contrast to "mecha
nism" is at stake and have used "purpose" rather than "finality" to denote 
the state or quality of nature, machines, or organs having a final end or 
purpose. 

The two central terms of the chapter "The Living and Its Milieu" also 
require further explanation. The French term vivant is often translated as 
"life" in English (e.g., in the translation of Franc;ois Jacob's La logique du 

vivant as The Logic of Life). Yet "life" does not quite capture Canguilhem's 
work on le vivant and hides the difference between vie ("life") and vivant. 

Instead, we have chosen the rendition "a living being" when the author 
indicates a single vivant, and "the living" when at stake is not the singularity 
of that being. Importantly, "a living being" should not be read as bearing a 
particular ontological hue. 

Milieu in French means not only "environment"-its usual English con
notation-but also "center," "middle" (mi-lieu). Canguilhem uses either 
meaning, by and large referring to the meaning of milieu as environment, 
but at times specifically addressing the problem of an organism living (or 
not) in the center of its surroundings. At other times, he considers the rela
tionship of an organism, itself a milieu (environment), to organs or tissue 
within it. The reader should keep the double meaning in mind, particularly 
when discussions of the center appear. We have largely kept the term milieu 

in English, at times clarifying its meaning. 
We have rendered the French term monstruosite as "monstrosity," even 

where "deformity" would often be a more common English term. 
The French term technique, which comprises the English usages of "tech

nics," "technology," "technique," and even "technic" (e.g., in translations 
of Kant), has been rendered as "technique." 

Quotes from non-English sources have been translated directly from 
Canguilhem's French renditions, with the exception of certain major pas
sages that already exist in a reliable modern English translation-notably 
Claude Bernard's Introduction to the Study of Expe1'imental Medicine, Kurt 
Goldstein's The Organism, and parts of Auguste Comte's Positivist Philosophy. 



Translators' Note xv 

Parts of this book have already appeared in translation in: Jonathan Crary 
and Sanford Kwinter, eds. ,  Incorporations (New York: Zone Books, 1 992); 

Grey Room 3 (Spring 2001); and Georges Canguilhem, A Vital Rationalist 

(New York: Zone Books, 1 994). We admire the work carried out by the 
translators involved in those projects, but in keeping with our effort to con
struct an integral translation of the book, we have not consulted their ver
sions. The 2002 Vrin edition suffers typographically, and our corrections 
have benefited from the original 1 95 2  edition by Hachette. In order not to 
overcomplicate the footnotes, comments from both editors and translators 
are identified as "Trans." 

Canguilhem often avoids references and even cites sources incorrectly. 
Moreover, many of his French sources exist only in partial English transla
tion. The present edition has corrected as many citations as possible and 
includes comprehensive bibliographical references to books and articles ref
erenced by Canguilhem, thanks to the meticulous editorial work under
taken by Todd Meyers, and we would like to note his help throughout. We 
wish to thank Paola Marrati for inviting us to work on this project, for her 
terminological help, for her work acquiring the translation rights from 
Vrin, and for aiding our translation. Finally, we are grateful for suggestions 
made by Fran90is Delaporte, Eric Michaud, Katharine Park, and Maria 
Geroulanou, and we would especially like to thank Eve Delmas for all her 
help. 





INTRODUCTION 

Thought and the livtng 

To know is to analyze. This point is more easily stated than justified, for 
the attention every philosophy preoccupied with the problem of knowledge 
gives to the operations of knowing distracts it from the meaning of knowl
edge. At best, one responds to the latter problem by affirming the suffi
ciency and purity of knowledge. And yet, knowing only in order to know is 
hardly more sensible than eating in order to eat, killing in order to kill, or 
laughing in order to laugh, since it is at

' 
once an avowal-that knowledge 

must have a meaning-and a refusal to find in knowledge any meaning 
other than itself. 

If knowledge is analysis, the matter is surely not to be left at that. To de
compose, to reduce, to explain, to identify, to measure, to put into equa
tions: all this must involve a benefit for intelligence, since, manifestly, it 
comes at the cost of enjoyment. One enjoys not the laws of nature but 
nature itself, not numbers but qualities, not relations but beings. And, all 
told, one does not live off knowledge. Vulgar? Perhaps. Blasphemous? But 
why? Must we believe that, because certain men dedicate themselves to a 
life of knowledge, man can only really live in and through science? 

We accept far too easily that there exists a fundamental conflict between 
knowledge and life, such that their reciprocal aversion can lead only to the 
destruction of life by knowledge or to the derision of knowledge by life. We 
are then left with no choice except that between a crystalline (i.e . ,  transpar
ent and inert) intellectualism and a foggy (at once active and muddled) 
mysticism. 

Now, the conflict is not between thought and life in man, but between 
man and the world in the human consciousness of life. Thought is nothing 

XVII 
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but a disentangling of man from the world that permits us to retreat from, 
to interrogate, and to doubt (to think is to weigh, etc.) in the face of obsta

cles that arise. In concrete terms, knowledge consists in the search for secur
ity via the reduction of obstacles; it consists in the construction of theories 

that proceed by assimilation. It is thus a general method for the direct or 

indirect resolution of tensions between man and milieu. Yet to define 

knowledge in this way is to find its meaning in its end, which is to allow 

man a new equilibrium with the world, a new form and organization of his 

life. It is not true that knowledge destroys life. Rather, knowledge undoes 
the experience of life, seeking to analyze its failures so as to abstract from it 

both a rationale for prudence (sapience, science, etc.) and, eventually, laws 
for success, in order to help man remake what life has made without him, 

in him, or outside of him. In consequence, it must be said that if thought 

and knowledge are inscribed within life so as to regulate it-as is the case 
with man-this very life cannot be the blind and stupid mechanical force 

that one likes to imagine when one contrasts it to thought. Besides, if it 

were mechanical it could be neither blind nor stupid. Only a being that 

searches for light can be blind; only a being that claims to signify can be 

stupid. 

What light are we then so sure we are contemplating that we declare all 

eyes other than man's to be blind? What meaning are we so certain of 

having given to the life in us that we declare any behavior except our own 

gestures to be stupid? Doubtless, the animal cannot resolve all the problems 

we present to it, but this is because these problems are ours and not its own. 

Could man make a nest better than a bird, a web better than a spider? 

And if we look closely, does human thought manifest in its inventions an 

independence from the summons of need and the pressures of the milieu 

that would legitimate man's pity-tinged irony toward infrahuman living be

ings? Does not a specialist in technological problems tell us that "nobody 

has ever encountered a tool created wholly for a use yet to be found, on 

materials yet to be discovered?" l  We ask that one reflect on this: as ruptures 

with simple life, religion and art are just as specifically human as is science

yet what sincerely religious spirit, what authentically creative artist pursuing 

the transfiguration of life, has ever used his effort as a pretext to depreciate 

life? Whether because he has lost it or, more exactly, because he senses 

that other beings possess it, what man is searching for is an unproblematic 
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agreement between exigencies and realities-an experience whose solid, de
finitive unity would be guaranteed by the ongoing enjoyment derived from 
it. Religion and art point him toward this, but knowledge, so long as it 
refuses to recognize that it is part and not judge, instrument and not com
mandment, distances him from it. From there it follows that man sometimes 
marvels at the living and sometimes, scandalized at being himself a living 
being, forges for his own use the idea of a separate kingdom. 

Even if knowledge is the daughter of human fear (astonishment, anxiety, 
etc.), it would not be very insightful to convert this fear into an irreducible 
aversion to the condition of beings that experience fear in the crises they 
must overcome so long as they live. If knowledge is the daughter of fear, 
this is for the domination and organization of human experience, for the 
freedom of life .  

Thus, the universal relation of human knowledge to living organization 
reveals itself through the relation of knowledge to human life. Life is the 
formation of forms; knowledge is the analysis of in-formed matter. It is 
normal that an analysis could never explain a formation and that one loses 
sight of the originality of forms when one sees them only as results whose 
causes or components are to be determined. Because they are totalities 
whose sense resides in their tendency to realize themselves as such in the 
course of their confrontation with their milieu, living forms can be grasped 
in a vision, never by a division. It almost seems that, in keeping with its 
etymology, to divide is to make a void [vide] , whereas a form existing only 
as a whole could not be voided of anything. "Biology," says Kurt Goldstein, 
"has to do with individuals that exist and tend to exist, that is to say, seek 
to realize their capacities as best they can in a given environment."2 

These affirmations do not involve any prohibition. The determination 
and measurement of the effect of such and such a mineral on the growth of 
an organism, the establishment of a measure of energy expenditure,3 the 
pursuit of the chemical synthesis of a suprarenal hormone, the search for 

laws for the conduction of nervous influx or the conditioning of reflex-who 
could seriously think of holding all this in contempt? Yet, on its own, all 
this hardly amounts to biological knowledge, so long as an awareness of the 
meaning of the corresponding functions is lacking. The biological study of 
alimentation does not consist solely in establishing a balance sheet, but in 
seeking, within the organism itself, the sense of the organism's choice

when free in its milieu-to seek sustenance in such and such species or 
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essences while excluding others that could, theoretically speaking, procure 
it equivalent energetic provisions for its maintenance and growth. The bio

logical study of movement begins only when one takes into consideration 
the orientation of the movement, for only then can it distinguish a vital 
movement from a physical movement, tendency from inertia. As a general 
rule, analytically obtained knowledge can influence biological thought only 
when it is informed by reference to an organic existence grasped in its total
ity. According to Goldstein, "what biology in general believes to be the 
basis of its body of knowledge, the 'facts,' becomes the most problematic," 
for only the representation of totality permits us to attribute value to estab
lished facts by distinguishing those which have a real relation to the organ
ism from those which are insignificant to it.4 In his own manner, Claude 
Bernard expresses an analogous idea: 

In physiology, that analysis, which teaches us the properties of isolated elemen

tary parts, can never give us more than a most incomplete ideal synthesis . . . .  

We must therefore always proceed experimentally in vital synthesis, because 

quite characteristic phenomena may result from more and more complex union 

or association of organized elements. All this proves that these elements, though 

distinct and self-dependent, do not therefore play the part of simple associates; 

their union expresses more than addition of their separate properties. s 

But in these propositions we find the wavering that is habitual in Bernard's 
thought: on the one hand, he senses the inadequacy of analytical thought to 
any biological object; on the other, he remains fascinated by the prestige 
of the physico-chemical sciences, which he hoped biology would come to 
resemble, believing it would thus better ensure the success of medicine. 

For our part, we think that a reasonable rationalism must know to recog
nize its limits and to incorporate the conditions of its practice. Intelligence 
can apply itself to life only if it recognizes the originality of life.  The 
thought of the living must take from the living the idea of the living. Gold
stein says: "it is evident that no matter how much [the biologist] employs 
the analytical method for obtaining real knowledge, for real insight into the 
depths of nature the departure from the 'immediately given' will always 
dominate."6 We suspect that, to do mathematics, it would suffice that we be 
angels. But to do biology, even with the aid of intelligence, we sometimes 
need to feel like beasts ourselves.7 



P A R T  ONE 

Method 
It would be difficult to cite a biological discovery due to pure reasoning. 

And most often, when experience has finally shown us how life goes to 

work to obtain a certain result, we find its way of working is just that of 

which we should never have thought. 

-H E N  R I B E RG S O N, Creative Evolution 





ONE 

Experimentation in Animal Biology 

It is customary, following Renri Bergson, to treat Claude Bernard's Intro

duction to the Study of Experimental Medicine ( I865) as the equivalent in the 
life sciences to Descartes' Discourse on Method ( I63 7) in the abstract sciences 
of matter.l It is also common educational practice to use the Introduction as 
one uses the Discourse-that is, for purposes of paraphrase, summary, or 
verbal commentary-without making the effort to reinsert either of these 
works into the history of biology or mathematics and without trying to 

establish a correlation between the language of a gentleman scientist ad.:. 
dressing other gentlemen and the practice actually followed by specialists 
researching physiological constants or solving a geometrical problem. In 
these conditions, the Introduction seems to codify nothing more than what 
Gaston Bachelard describes, apropos of the Discourse, as "the politeness of 
the scientific spirit . . .  the obvious habits of a man of good fellowship."2 As 
Bergson notes: "When Claude Bernard describes this method, when he 
gives examples of it, when he recalls what applications he has made· of it, 

3 
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everything he sets forth seems to us so simple and natural that it was hardly 
necessary for him to have said it: we feel we have always known it."3 In fact, 
educational practice almost always reduces the Introduction to its first part; 
that is to say, to a sum of generalities (if not banalities) current in labora
tories-the salons of the scientific world-and concerning the physico
chemical sciences as much as the biological ones. Yet it is the book's second 
and third parts that contain the charter of experimentation in biology. Last
ly, and above all, instead of expressly choosing examples of properly heuris
tic experimentation, examples of operations exactly contemporaneous with 
the only authentic knowledge-which is the rectification of error-so as to 
appreciate the signification and particular scope of Bernard's methodologi
cal discourse, often only experiments of didactic scope are cited, and thus 
the meaning and value of the risky and perilous enterprise of biological 
experimentation is involuntarily yet profoundly altered. 

Let us give an example. In a lesson on muscular contraction, contraction 
is defined as a modification of the form of the muscle without variation in 
volume; when necessary, this is established by experimentation, following a 
technique whose illustration is reproduced in every schoolbook: an isolated 
muscle, placed in a jar filled with water, contracts under electrical excitation, 
but the water level stays the same. One is happy to have established a fact. 

Yet it is an epistemological fact that an experimental fact thus taught has no 
biological meaning. This is this and that's that. Only if we trace its history 
back to the first biologist who had the idea for such an experiment, Jan 
Swammerdam (1637-80), does its meaning become apparent.4 Swammer
dam wanted to establish, against then-existing theories concerning muscu
lar contraction, that in contraction the muscle is not augmented by any 
substance. At the origin of those theories, which all presupposed a tubular 
or porous structure of the nerve through which some fluid, spirit, or liquid 

would reach the muscle, we find an experiment that goes back to Galen 
(1 3 1-200), an experimental fact that, unchanged down to our days, traverses 
centuries of research on neuromuscular function: the ligature of a nerve 
paralyzes the muscle that it innervates. Here is an experimental gesture at 
once elementary and complete: all else being equal, the determinism of a 
conditioning is signaled by the intentionally obtained presence or absence 
of a device; the application of this device presupposes, on the one hand, the 
empirical knowledge, quite new in Galen's time, that the nerves, the mar
row, and the encephalon form a single conduit, whose cavity (rather than 
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its walls) is the object of attention, and, on the other, a psychological, that 
is, metaphysical theory according to which the seat of command of the ani
mal's movement is in its brain. It is the Stoic theory of the hegemon ikon that 
sensitizes Galen to an observation any animal sacrificer or surgeon could 
make and leads him to institute the ligature experiment, from which he 
derives his explanation of tonic and clonic contraction by the transport of 
pneuma. In short, we find our modest and dry lab-exercise experiment come 
into relief against a permanent backdrop of biological signification. It is 
here a matter of nothing less than what might be called-though this is 
undoubtedly a bit too abstract-"the life of relation" : the problems of pos
ture and locomotion posed by the animal organism's daily life, whether 
peaceful or dangerous, whether confident or menaced, whether in its usual 
environment or in a perturbed one. 

Such a simple example suffices to show that experimental operations 
whose codification (if not invention) too many manuals attribute to Ber
nard, in spite of his explicit affirmations to the contrary, in fact go back 
quite far in the history of human culture. 

Without necessarily returning to Aristotle or Galen, we can look to an 
eighteenth-century text (predating Bernard's Introduction by more than a 
century) for a definition of the meaning and technique of experimentation. 
It is an extract from a medical thesis defended by M. P. Deisch in 1 73 5  at 
Halle, "Dissertatio inauguralis medica de splene canibus exciso et ab his 
experimentis capiendo fructo" ("Inaugural Dissertation on the Ablation of 
the Dog's Spleen and on the Fruits Obtained from This Experiment"): 

It is not surprising that the insatiable passion for knowledge, armed with its 

blade, has penetrated the secrets of nature and has applied a licit violence to 

dogs, cheaply procured victims of natural philosophy-a violence that could not 

be applied to man without crime-in order to ascertain the exact function of the 

spleen by examining lesions resulting from the ablation of this viscus and thus 

whether such and such an author's proposed explanation is true and certain. To 

institute such a painful and even cruel examination, one must, I believe, have 

been moved by our certitude concerning the function of the genitalia of both 

sexes, which we know with certainty to play a most necessary role in generation, 

from the simple fact that owners customarily castrate several thousand animals 

yearly in order to deprive them of fecundity, if not of amorous desire altogether. 

Thus, one hopes to observe just as easily in dogs surviving an ablation of the 

spleen some phenomenon that would have been impossible to observe in dogs 

with the spleen intact.5 
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This is a loaded text. Its author does not figure in the history of biology,6 
which suggests that with somewhat greater erudition we could find other 
eighteenth-century texts of the same genre. The author clearly attributes 
to animal vivisection the value of a substitute. He links the institution of 
experiment to the verification of a theory's conclusions. He shows the role 
of analogy in this institution. Crucially, he sees a continuity between experi
mentation for purposes of theoretical verification and biological techniques 
such as rearing and castration.7 Finally, he grounds experimental teaching 
in a comparison between the prepared specimen and the control specimen. 
What more could one want? As a process, the ablation of an entire organ 
doubtless strikes us as rather crude. But Bernard himself did not proceed 
differently. And when in 1 889 Josef von Mering and Oskar Minkowski dis
covered experimental diabetes and began the observations that would lead 
to the identification of Langerhans's islets, they did so by depriving a dog 
of its whole pancreas, which they considered a single gland with a role spe
cific to intestinal digestion. 

In fact, as Bernard shows, biologj.cal functions can only be discovered 
through experimentation. On this point, his Lefons de physiologie experimen

tale appliquee it la medecine ( 1856) is far more explicit than the Introduction. 

Bernard targets an anatomical prejudice that goes back as far as Galen's De 
usu partium (On the Usefulness of the Parts of the Body), according to which the 
mere inspection of an anatomical detail permits the categorical deduction of 
its function.s He demonstrates that this principle could perhaps be applied 
to those organs in which man thinks (reasonably or not) that he recognizes 
the forms of instruments he has fabricated (the bladder is a reservoir; the 
bone is a lever). But even in the few and grossly approximative cases of this 
kind, it is man's experience of these utensils' role and use in human practice 
that founds the analogical attribution of their function to these organs. In 
short, anatomo·-physiological deduction always overlies experimentation. In 
biology, we shall say, the issue is not using experimental concepts but exper
imentally constituting authentically biological concepts. Having noted that 
apparently similar structures-even on a microscopic scale-do not neces
sarily have the same function (e.g., the pancreas and salivary glands) and 
that, conversely, the same function can be carried out by apparently differ
ent structures (e.g., contractibility in both smooth and striated muscular 
fiber), Bernard affirms that one does not discover an organ's functions by 
asking what it is used for. Only by following the various moments and 
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aspects of a function does one find the organ or apparatus responsible for 
it. It was not by asking What function does the liver serve? that the glycogenic 
function was discovered but by measuring the glucose in blood drawn at 
various points in the circulatory flux of an animal deprived of food for sev
eral days. 

We should note in passing that in 1 856 Bernard used suprarenal capsules 
as an example of an organ whose microscopic anatomy is known but whose 
function is not. The example is good and merits attention. In 1 7 1 8, having 
put the question "Of the Use of Renal Glands" on its yearly competition, 
the Academy of Bordeaux charged Montesquieu with the task of reporting 
on the theses it received. His conclusion: 

We see from all this that the Academy will not have the satisfaction of giving 

away its prize this year and that today's occasion is not nearly as ceremonious for 

the Academy as it had hoped. Through the experiments and dissections that it 

has had performed, the Academy has come to recognize the difficulty of the 

problem in all its breadth, and it has learned not to be surprised that its objective 

has not been achieved. Chance will perhaps one day succeed where all the Acad

emy's efforts have failed.9 

In exactly 1 856, Charles-Edouard Brown-Sequard established experimen
tally the functions of the suprarenal gland, proceeding from the thesis in 
which, a year earlier, Thomas Addison described the symptoms, revealed 
by clinical chance, of the disease that bears his name.IO 

We know that Brown-Sequard's work on internal secretions, along with 
Bernard's discoveries concerning the glycogenic function of the liver, ! l  in
augurated knowledge of the inner milieu. If we go back to the initial mo
ments of this (today classical) notion, we will find an example of a properly 
biological concept, one whose elaboration is at once an effect and a cause of 
experimentation, and, above all, one that necessitated a veritable theoretical 
conversion. Bernard writes: "Ancient science was able to conceive only the 

exterior milieu; but to establish the science of experimental biology, we 
must also conceive an inner milieu . . . ; the inner milieu, created by an 
organism, is special to each living being. Now here is the true physiological 
milieu." 12 This point is worth emphasizing. So long as scientists conceived 
of organs' functions within the organism in the image of organisms' func
tions in the external milieu, it was natural for them to borrow the basic 
concepts, the guiding ideas of biological explication and experimentation 
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from the pragmatic experience of the human living being, since it is a 
human living being (as living being) who is, at the same time, a scholar 
curious about theoretical solutions to the problems life poses by the very 
fact of its exercise. Whether one is a finalist or a mechanist, whether inter
ested in the supposed ends of vital phenomena or their conditions of exis
tence, one does not get out of anthropomorphism. In a sense, nothing is 

more human than a machine, if it is true that man distinguishes himself 
from animals through the construction of tools and machines. Finalists rep
resent the living body as a republic of artisans, mechanists as a machine 
without an machinist. Yet, since the construction of a machine is not a func
tion of the machine itself, for all that biological mechanism involves a for
getting of finality, it does not thereby radically eliminate it. 1 3  That is why, 
no matter whether the biologist assumed a finalist or a mechanist perspec
tive, the concepts originally used to analyze the functions of tissues, organs, 
or apparatuses were unconsciously charged with a properly human prag
matic and technical import. 

To give an example: blood and sap flow like water. If canalized water 
irrigates the ground, blood and sap must also irrigate. The first to compare 
the distribution of blood from the heart to the irrigation of a garden by 
canals was Aristotle. 14 And Galen did not think otherwise. But in irrigation, 
water finally loses itself in the ground: therein lies the principal obstacle to 
the understanding of circulation. I S William Harvey is praised for the experi
ment of the ligature of the arm's veins, whose turgidity below the point 
of constriction is one of the experimental proofs of circulation. Well, this 
experiment had already been performed in 1 603 by Hieronymus Fabri
cius-and it is quite possibly even older than that. Fabricius concluded from 
it the regulative role of the valves of veins but thought they served to pre
vent the accumulation of blood in the lower limbs. I 6  What Harvey added to 
earlier observations was the following, at once simple and crucial: in one 
hour, the left ventricle pumps into the body, through the aorta, blood 

weighing three times as much as the body itself. Where could all this blood 
come from? Where does it go? And furthermore: if one cuts open an artery, 
the organism will bleed itself dry. 17 Thus, the idea of a closed circuit is born. 
"I asked myself," Harvey says, "if everything could be explained by a circu
lar movement of the blood."I8  Then, repeating the ligature experiment, he 
succeeded in providing a coherent meaning to all the observations and ex
periments. We see how the discovery of the circulation of blood is first, and 
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perhaps essentially, the substitution of one concept, fashioned so as to make 
precise observations of the organism at various points and moments "co
here," for another concept, that of irrigation, directly imported into biology 
from the domain of human technique. The reality of the biological concept 
of circulation presupposes abandoning the convenience of the technical 
concept of irrigation. 

For our part, we think, like Bernard, that knowledge of the functions of 
life has always been experimental-even when it was fanciful and anthropo
morphic. 19 For us, there exists a basic kinship between the notions of experi
ment [experience] and function. We learn our functions over the course of 
experiences and our functions then become formalized experiences. And 
experience is first and foremost the general function of every living being, 
that is, its debate (Auseinandersetzung, says Goldstein) with its milieu. Man 
first experiences and experiments with biological activity in his relations of 
technical adaptation to the milieu. Such technique is heteropoetic, adjusted 
to the outside, and it takes from the outside its means, or the means to its 
means. Biological experimentation, proceeding from technique, is thus first 
of all guided by concepts that are instrumental and literally factitious. Only 
after a long series of obstacles surmounted and errors acknowledged did 
man come to suspect and recognize the autopoetic character of organic ac
tivity and to rectify progressively, in contact with biological phenomena, 
the guiding concepts of experimentation. More precisely, because it is het
eropoetic, human technique presupposes a minima logic-for the represen
tation of the exterior real, which human technique modifies, determines the 
discursive, reasoned facet of the artisan's activity, and all the more so the 
engineer's. Yet we must abandon this logic of human action if we are to 
understand living functions. Charles Nicolle has vigorously emphasized the 
apparently alogical, absurd character of the processes of life-absurd only 
in relation to a norm that in fact it is absurd to apply to life.20 It is in the 
same sense that Goldstein defines biological knowledge as 

a creative activity, a movement essentially akin to the activity through which the 

organism interacts with the ambient world in such a way as to be able to realize 

itself, that is to say to exist. Biological knowledge reproduces in a conscious 

fashion the movement of the living organism. The cognitive movement of the 

biologist is exposed to difficulties analogous to those that the organism encoun

ters in its learning, that is to say, in its attempts to adjust itself to the outside 

world.21 
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Now what Bernard wanted to teach (according to Bergson) was the biolo
gist's obligation to progressively form-better yet, to progressively ripen
biological concepts through a sort of mimetism: 

He perceived, he measured the difference between man's logic and the logic of 

nature. If, according to him, we can never bring too much prudence to bear upon 

the verification of a hypothesis, we shall never have exercised sufficient audacity 

in inventing it. What is absurd in our eyes is not necessarily so in the eyes of 

nature: let us try the experiment and if the hypothesis is verified it will of neces

sity become clearer and more intelligible the more the facts constrain us to 

become familiar with it. But let us also remember that an idea, no matter how 

flexible we may have made it, will never have the same flexibility as a thing.22 

Fundamentally, the interest of the Introduction in a study of experimental 
procedures in biology lies more in the restrictions Bernard places on general 
considerations concerning the postulates and techniques of experimentation 
than in these considerations themselves. That is why, for us, the second 
chapter of the second part counts for much more than the first. On this 
point, moreover, Bernard has a precursor in Auguste Comte. ln the fortieth 
lesson of the Cours de philosophie positive (Course on Positive Philosophy), enti
tled "Considerations on Biological Science as a Whole," we read: 

An experiment is always aimed at discovering on the basis of what laws each of 

the determining influences or modifications of a phenomenon participates in the 

realization of a phenomenon, and it consists, in general, in introducing a well

defined change to each condition in order to directly assess the corresponding 

variation in the phenomenon itself. The entire rationality of such an artifice and 

its incontestable success depend on two fundamental conditions: (I) that the 

change introduced be fully compatible with the existence of the phenomenon 

studied-without which any response would be purely negative; (2) that the two 

cases being compared differ in only one regard, for otherwise the interpretation, 

though direct, would be essentially equivocal. 23 

Comte adds: "The nature of biological phenomena prevents any adequate 
realization of the two conditions-and especially the second." Yet if Comte, 
before Bernard and presumably under the influence of Xavier Bichat's ideas 
in his Recherches physiologiques sur la vie et la mort of 1 800,24 affirms that 
biological experimentation cannot limit itself to copying the principles and 
practices of experimentation in physics or chemistry, it is surely Bernard 
who teaches (above all by example) that the biologist must invent his own 
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experimental technique. The difficulty, if not the obstacle, lies in approach
ing through analysis a being that is neither a part or segment nor a sum of 
parts or segments, a being that only lives by living as one, that is to say, as 
a whole: 

Physiologists and physicians must never forget that a living being is an organism 

with its own individuality. We really must learn, then, that if we break up a living 

organism by isolating its different parts, it is only for the sake of ease in experi

mental analysis and by no means in order to conceive them separately. Indeed 

when we wish to ascribe to a physiological quality its value and true significance, 

we must always refer it to this whole and draw our final conclusion only in rela

tion to its effects in the whole.25 

Returning now in detail to the difficulties raised by Comte and Bernard, 

let us examine with the help of some examples the original methodological 
precautions that first the specificity of living forms, second the diversity of 
individuals, third the totality of the organism, and finally the irreversibility 
of vital phenomena must elicit in the biologist's experimental approach. 

I .  Specificity. Contrary to Bergson, who thinks we should learn from Ber
nard "that there is no difference between an observation well-taken and a 
well-founded generalization," it must be said that, in biology, the specificity 
of an object of observation or experiment limits unpredictably any logical 
generalization.26 We know that nothing is as important for a biologist as his 
choice of material to study. He chooses to operate on such and such an 
animal according to the convenience of making a certain anatomical or 
physiological observation, due either to the placement or the dimensions of 
an organ, or to the slow development of a phenomenon, or perhaps instead 
to the acceleration of a cycle. In fact, the choice is not always deliberate and 
premeditated; chance, like time, courts the biologist. In any case, it would 
often be both prudent and honest to add to the title of a chapter of physiol
ogy that it concerns the physiology of a certain animal, so that the laws of 

phenomena, which almost always bear the name of the person who formu

lated them, would also bear the name of the animal used for the experiment: 
the dog for conditioned reflexes, the pigeon for equilibration, the hydra for 

regeneration, the rat for vitamins and maternal comportment, the frog (that 
"Job of biology") for reflexes, the sea urchin for the fertilization and seg
mentation of the egg, the drosophila for heredity, the horse for the circula
tion of blood.27  
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What is important here is that no experimentally acquired fact (whether 
it deals with structures, functions, or comportments) can be generalized 
either from one variety to another within a single species, or from one spe
cies to another, or from animal to man without express reservations. 

From one variety to another. When studying the conditions under which 
specific chemical substances penetrate a living cell, for example, one can 
observe that bodies soluble in lipids penetrate the cell easily under certain 
conditions. Thus, caffeine is inactive on the striated muscle of the green 
frog when the muscle is intact, but if one lesions the muscular tissue an 
intense affinity is observed. Yet what is true for the green frog is not for the 
red frog: in red frogs, caffeine acts immediately on the intact muscle. 

From one species to another. Many textbooks, for example, still cite Pflug
er's laws on the progressive extension of reflexes (unilaterality, symmetry, 
irradiation, generalization). Still, as Viktor von Weizsacker and Charles 
Sherrington remarked, the material of Pfluger's experiments did not allow 
him to formulate general laws of reflex. More specifically, Pfluger's second 
law (on symmetry), verified on animals with a hopping gait like the rabbit, 
is false in the case of the dog, the cat, and, in general, all animals with a 
diagonal gait: "The fundamental factor in coordination is the animal's mode 
of locomotion. Irradiation is identical in animals whose mode of locomotion 
is identical, but it differs in those that have different locomotion."28 In this 
regard, the cat differs from the rabbit but resembles the newt. 

From animal to man. Take, for example, the phenomenon of the repair of 
bone fractures. A fracture repairs itself through the formation of a callus. In 
the formation of a callus, one traditionally distinguishes three stages: the 
conjunctive callus (i .e. ,  the organization of the interfragmentary hema
toma), the cartilaginous callus, and the osseous callus (i.e. ,  the transforma
tion of cartilaginous cells into osteoblastic ones). Rent� Leriche and Albert 
Policard have shown that in the normal development of a human callus 
there is no cartilaginous stage. This stage had been observed in dogs-that 
is to say, animals that can never be completely immobilized for therapeutic 
reasons.29 

2. Individualization. Within a given living species, the principal method
ological difficulty concerns finding individual representatives capable of 
sustaining tests of addition, subtraction, or measured variation of a phenom
enon's supposed components, tests instituted in order to compare an inten
tionally modified organism to a control organism, that is, an organism left 
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to its spontaneous biological fate. Every experiment on the anti-infectious 
efficacy of vaccines, for example, proceeds by inoculating two groups of 
animals with microbe cultures. These two groups are interchangeable in all 
aspects but one: one group has been prepared with vaccinal injections, while 
the other has not. Now, rigorously speaking, the conclusions of a compari
son thus instituted have no value unless one can rightly consider the organ
isms compared to be the equivalent of what physics and chemistry call 
"closed systems," that is, conjunctions of physical forces or chemical species 
duly enumerated and measured. But how could one be certain in advance 
that two individual organisms are identical in all aspects when, although 
they belong to the same species, each has a unique combination of heredi
tary characteristics owing to the conditions of their birth (sexuality, fertil
ization, amphimixis)? With the exception of cases of agamous reproduction 
(plant cuttings), auto-fecundation, identical twins, or polyembryony (e.g. , 
in the armadillo), it is necessary to operate on organisms whose lineages are 
pure in all respects-completely homozygous organisms. Such a case, if not 
purely theoretical, is at least strictly artificial. Such animal material is a 
human fabrication, the result of a constantly vigilant segregation. In fact, 
some scientific organizations raise species (in David Starr Jordan's sense of 
the term) of rats and mice obtained by a long series of couplings of consan
guine organisms.30 Consequently, the study of such biological material, 
whose elements are a given, is literally the study of an artifact.3 1  And just as 
in physics (as Pierre Duhem has shown) the utilization, seemingly ingenu
ous, of an instrument such as a magnifying glass implies adherence to a 
certain theory, so in biology the use of a white rat raised by the Wistar 
Institute implies adherence to genetics and Mendelism-which even today 
are still but theories. 

3 .  Totality. Even if we assume that the identity of organisms has been 
attained, a further problem is posed. Is it possible to analyze what deter
mines a phenomenon by isolating it, given that we are operating on a whole, 
which, as such, is altered by any attempted removal? It is not certain that, 
after the ablation of an organ (ovary, stomach, kidney), an organism is still 
the same organism minus one organ. On the contrary, there is reason to 
believe that we are dealing with a very different organism, which we cannot 
easily "superimpose," even partly, onto the control organism. The reason 
is that, on the one hand, within a single organism one and the same organ 
is almost always polyvalent-and thus the ablation of the stomach affects 
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not only digestion but also hematopoiesis. On the other, all phenomena are 
integrated. To give an example of nervous integration, cutting the spinal 
cord of a dog or cat beneath the fifth cervical segment32 induces a state of 
shock characterized by the eradication of reflexes in the regions below the 
incision, followed by a period during which automatism is recuperated. But 
as von Weizsacker has shown, this recuperation is not a re-establishing; it is 
the constitution of another type of automatism, that of the "spinal animal. "  
To give a different example, this time of  endocrinal integration and polyva
lence, a bird lays an egg that grows rapidly, covered by a shell. Phenomena 

for mobilizing the mineral, protein, and lipid elements of the egg are inte
grated into the ovarian cycle.  Here, oestrone conditions both the morpho

logical modifications of the genital conduit and the chemical mobilization 
of the egg's components (augmentation of albumin production by the liver; 
neoformation of the medullary bone in the long bones). As soon as the 
action of oestrone ceases, the neoformed bone is reabsorbed, and the cal
cium used by the oviduct's shell-forming gland is released. Thus, the abla
tion of the ovaries in a bird has an impact not only on the morphology of 
the organism but equally on the ensemble of biochemical phenomena. 

4. Irreversibility. If the totality of the organism is a difficulty for analysis, 
then the irreversibility of biological phenomena, either from the viewpoint 
of the being's development or from the viewpoint of the adult being's func
tions, constitutes a further difficulty for chronological extrapolation and 
prediction. 

Over the course of its life, an organism evolves irreversibly in such a way 
that the majority of its presumed components are-if one considers them 
separately-full of potentialities that do not reveal themselves at all under 
normal conditions of existence. The study of the egg's development and of 
phenomena of regeneration is particularly instructive here. 

The best example of irreversible development is the sequence of the 
stages of indeterminacy, determination, and differentiation in the sea-ur

chin egg. 
During the stage of indeterminacy, the ablation of a segment of the egg 

will be compensated. At the end of development, in spite of this amputation, 
the organism will be complete. We can consider the part to be endowed 
with the same power of development as the whole. 

In the following stage, that of the determination of the embryo's mor
phological development [ebauche] ,  the organo-formative substances appear 
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localized in clearly delimited sectors. As they are no longer totipotent, the 
different parts of the embryo are also no longer equivalent. There can be 
no compensation for the ablation of a segment. 

Morphological differences appear in the stage of differentiation. On this 
subject, let us note that experiments of this kind, by revealing initial organic 
possibilities that are progressively reduced as life goes on, serve to bridge 
the gap between normal constitution and the monstrous form of certain 

organisms. They allow us to interpret monstrosity as an arrest in develop
ment or as a fixation, which (depending on the age of the embryo) allows 
parts of the embryo to express properties that their ordinary placement and 
connections in the morphological development of the embryo would other
wise have prevented.3 3  

In the living being, the irreversibility of differentiation is followed by 
functional irreversibility. Bernard remarked that if no animal is absolutely 
comparable to another of the same species, neither is same animal compara
ble to itself if examined at different moments in its life.34 If this notion has 
today become familiar (thanks to works on immunity and anaphylaxis), we 
must also recognize that it encountered difficulty in becoming a categorical 
imperative of research and that the fundamental discoveries that most con
tributed to giving it credence were in fact only possible because it was un
known. The discovery of immunity by Louis Pasteur ( r880) and the 
discovery of anaphylaxis by Claude Portier and Charles Richet ( r902) were 
due to technical mistakes. It was by an oversight that Pasteur injected chick
ens with an old cholera culture, and for economy's sake that he then inocu
lated the same chickens with a fresh culture. Portier and Richet established 

anaphylaxis when they injected dogs with a dose of a glycerinated extract of 
anemone tentacles not strong enough to be lethal, and then in a second 
experiment injected the same animals with another, much weaker dose, re
sulting in their death within a few minutes. The fact established by Portier 
and Richet can be termed experimental without premeditation to experi
ment. And it should not be forgotten that the therapeutic utilization of anti
infectious substances has long shown that microscopic beings (bacteria or 
protozoa) display, in their relations to antibiotics, variations in sensitivity or 
deformations of metabolism, in other words, phenomena of resistance and 
even dependence. These phenomena sometimes, paradoxically, lead to the 
germs' inability to survive outside the milieu artificially created to destroy 

them.35 This is what Charles Nicolle has in mind when he insists on the 
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necessity of studying infectious diseases-which are biological phenom
ena-in their biological sense and not in a mechanistic spirit, when he 
writes that "the phenomenon changes in our hands" and that "we are ad
vancing on a path that is itself moving."36 

In the end, we see how the irreversibility of biological phenomena, in 
conjunction with the individuality of organisms, limits the possibility of re
peating and reconstructing the determining conditions of a phenomenon
one of the characteristic practices of experimentation in the sciences of 
matter. 

It has already been said that difficulties of biological experimentation are 
not absolute obstacles but stimulants to invention. Certain properly biologi
cal techniques answer to these difficulties. On this point, we must note that 
Bernard's thinking is not always very firm, for while he refuses to let physi
ology be absorbed by chemists and physicists (when he writes that "biology 
has its special problem and its definite point of view"), he also writes that it 
is only the complexity of the phenomena of life that prescribes the specific
ity of experimental practice in biology.37 Now, the question is whether by 
speaking of a progressive complexity one does not thereby implicitly (if 

unwillingly) affirm a fundamental identity of methods. Only in a homoge
neous order can the complex be said to be complex-by comparison to the 

simple. Yet when Bernard affirms that life "creates the conditions specific 

to an organic milieu that isolates itself more and more from the cosmic 

milieu," that the quid proprium of biological science consists in "particular, 

evolutionary, physiological conditions," and that, as a result, "to analyze 
the phenomena of life it is necessary to penetrate living organisms with the 

help of procedures of vivisection,"38 doesn't he admit that the specificity of 

the biological object imposes a method entirely different from those of 

physics and chemistry? 

Today, one would have to be quite uninformed of the methodological 

tendencies of biologists-even those biologists least inclined to mysti

cism-to believe that anyone can honestly boast of having discovered, by 

physico-chemical methods, anything more than the physico-chemical con
tent of phenomena, whose biological meaning escapes all techniques of re

duction. As Jacques Duclaux says: 

Surely, it must be possible to extend to the cell by some means those notions 

that come to us from the mineral world, but this extension cannot be a mere 
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repetition, and it must be accompanied by a creative effort. As we have already 
said, the study of the cell is not that of a particular case to which we can apply 
more general formulae; on the contrary, it is the cell that constitutes the most 
general system, in which all variables come into play simultaneously. Our labora
tory chemistry concerns itself only with simple cases with a limited number of 
variables.39 

For a long time it was believed that the function of a living cellular mem
brane could be considered to be a sum of physico-chemical laws that would 
be its positive equivalent. But the biological problem does not consist in 
determining the permeability of the membrane on the basis of the equilibria 
produced on its two sides. It consists in understanding that this permeability 
is variable, adapted, selective, so that, to quote Theophile Cahn's penetrat
ing remark, "In biology, even when we wish to verify nothing more than a 
physical principle, we are unavoidably led to study laws of the comportment 
of living beings, in other words, to study, through the responses obtained, 
the types of adaptation of organisms to physical laws, physiological prob
lems properly speaking."40 

Let us, then, rapidly indicate the principles of some properly biological 
experimental techniques. These techniques may be general and indirect-as 

when one modifies the milieu in which an organism or organ lives and de
velops by adding or subtracting some hypothesized basic component. Or 
they may be specific and direct, as when one acts on a delimited territory of 
an embryo at a known stage of its development. 

Owing to Alexis Carrel's experiments, techniques of organ and tissue 
transplantation and explantation have become publicly known without an 
accompanying exact understanding of their impact. By inserting a part of 
the organism in an abnormal place, either in the same individual or in an
other one, we modify its topographical relations in the hope of revealing 
the different roles and responsibilities of influence of sectors and territories. 
By placing a tissue or organ in a specially composed, conditioned, and main
tained milieu, which allows for its survival (as in an organ or tissue culture), 
one also liberates the tissue or organ from all the stimulations and inhibi
tions exerted on it, via the normal inner milieu, by the coordinated ensem
ble of other tissues and organs that, along with it, comprise the total 
organism. 

The following is an example of authentically biological experimentation 
and analysis. In order to dissociate the action of ovarian and hypophysial 
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hormones on the morphological aspect of female genital organs (i.e. , to 
enumerate and define, separately and distinctly, the elements of a global 
determination), a physiological castration of a female rodent is performed 

by transplanting the ovaries and grafting them onto a mesentery. The result 
is that, as they circulate, all the estrogen hormones traverse the liver, which 
is capable of rendering them inactive. Following this graft, we observe that 
the genital conduits atrophy, as would be the case following a castration. 
But the hypophysis, in the absence of the ovarian hormone (which functions 
as a regulator), steps up its secretion of gonadotrophic hormone. In sum, 
the ovaries no longer exist for the hypophysis, given that their secretion no 
longer reaches it. But as they nevertheless do continue to exist and since the 
hypophysis exists for them-its secretion still reaches them-the excess of 
gonadotrophic hormone leads them to hypertrophy. By modifying an excre
tion circuit, we obtain the rupture of a cycle of action and reaction, and the 
dissociation by atrophy and hypertrophy of a normal morphological image. 

Naturally, such experimental methods still leave unresolved an essential 
problem: to what extent do experimental (i .e. ,  artificial) techniques thus in
stituted permit us to conclude that natural phenomena are adequately rep
resented by the phenomena thus rendered perceptible? The biologist seeks 
knowledge of what is and of what happens-the ruses and interventions to 
which his avidity for knowledge constrains him aside. How can we avoid 
the fact that observation-which is an action because it is always planned
disturbs the phenomenon under observation? And, more precisely, how do 
we conclude the normal from the experimental?41 This is why, when 
Etienne Wolff considers the mechanism of production of those living be
ings paradoxically both normal and monstrous-human identical twins
and brings together the lessons of teratology and experimental embryology 
for their mutual elucidation, he writes: 

It is difficult to accept that accidental factors act with as much precision as experi

mental techniques. If the latter allow us to create ideal conditions for the analysis 

of mechanisms and the comprehension of phenomena, it is plausible that nature 

often "utilizes" indirect methods more often than direct ones. Probably the 

entire embryo is subject to the teratogenous factor. There is little chance that a 

banal accident would do the same work as a delicate operation.42 

The example of human identical twins allows us finally to pose a problem 
that no essay on biological experimentation can ignore today: that of the 
possibility and permissibility of direct experimentation on man. 
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Knowledge, including (and perhaps above all) biology, i s  one of  the ways 
by which humanity seeks to take control of its destiny and to transform 
its being into a duty. For this project, man's knowledge about man is of 
fundamental importance. The primacy of anthropology is not a form of 
anthropomorphism, but a condition for anthropogenesis. 

In one sense, it is necessary to experiment on man in order to avoid the 
previously mentioned pitfall of extrapolating from observations made on 
animals of such and such a species. But we know what ethical norms-which 
one side would call prejudices and the other imprescriptible imperatives
clash with this kind of experimentation. The matter is further complicated 
by the difficulty in defining the boundaries of the concept of experimenta
tion on man-in principle, an operation of strictly theoretical intent-by 
distinguishing it from therapeutic interventions (e.g. , lobotomy) and from 
techniques of hygiene or penal prevention (e.g., legal sterilization). The 

relation of knowledge to action, which is not fundamentally different here 
from what it is in physics and chemistry, is so directly, so urgently, and so 
poignantly affected by the identity of man as both subject of knowledge 
and object of action that-philanthropic impulses combining with humanist 
hesitancies-the solution to the problem presupposes an idea of man, that 
is to say, a philosophy. 

We recall that Bernard considers therapeutic endeavors and surgical in
terventions to be legitimate experimentation on man: "Morals do not forbid 
making experiments on one's neighbor or on one's self; in everyday life men 
do nothing but experiment on one another. Christian morals forbid only 
one thing, doing ill to one's neighbor."43 It does not seem to us that this 
last criterion for distinguishing between licit and immoral experimentation 
is as solid as Bernard thinks. There are multiple ways of doing men good 
that depend solely on one's definition of the good and the force with which 
one believes oneself obliged to impose it-perhaps even at the cost of an evil 
that is contested as such. Let us recall, with sadness, the massive examples of 
the recent past. 

It is essential to conserve for the definition of experimentation-even on 
the human subject-its character as a question posed without any premedi
tated plan to put the response to immediate use, its quality of an intentional 
and deliberate gesture without the pressure of circumstance. A surgical in
tervention can be the occasion for and the means of experimentation. But 
it is not experimentation per se, for it does not obey the rules of a cold 
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operation on indifferent material. As with any therapeutic gesture per

formed by physicians, surgical intervention corresponds to norms irreduc

ible to the simple technique of an impersonal study. The medico-surgical 

act is not just a scientific act, for the sick man who entrusts himself to his 

doctor's conscience-even more than to his science-is not only a physio

logical problem to be resolved: he is above all in a distress from which he 

seeks to be rescued. One might object that the distinction between an at

tempt at a pharmacodynamic or surgical treatment for a given condition 

and the critical or heuristic study of biological causal connections is artificial 

and flimsy. This is true if one takes the viewpoint of a spectator or patient. 

It is no longer true if one puts oneself in the position of the operating 
surgeon. He and he alone knows precisely at what moment the intention 

and meaning of his intervention change. The American surgeon Waiter E. 

Dandy, for example, in the course of a surgical intervention on the optic 

chiasm, performed a complete dissection of the corpus callosum of a seven

teen-year-old girl. He observed that the dissection did not disturb the wom

an's genital life, contrary to what is observed in certain species of mammals, 

where both the ovarian cycle and lactation are significantly perturbed.44 To 

say whether, in this case, experimentation has taken place, it is necessary to 

know if it was possible to avoid dissecting the corpus callosum and what one 

had intended in so doing. Only the operating surgeon, in such a case, can 

say if the operation has gone beyond a strictly surgical gesture, that is, be

yond the therapeutic intention. In the example cited, Dandy says nothing 

about the matter. 

We know that the patient's consent to being put in the position of guinea 

pig is ordinarily invoked as a valid criterion for legitimating biological ex

perimentation on man. All students in bacteriology know the famous exam

ple of George Frederick Dick and his wife Gladys Henry Dick, testing 

consenting subjects for strep throat or scarlet fever by rubbing their throats 

with a streptococci culture taken from the pharynx or the fallon of scarlet 
fever patients. During World War Il, in the United States, experiments 

related to immunity were practiced on consenting conscientious objectors 

and prisoners. If one were here to observe that, in the case of marginalized 

individuals seeking to rehabilitate themselves in some fashion, consent risks 

no longer being full, as it is no longer pure, one could respond by citing 

cases where physicians, laboratory researchers, and medical assistants 



Experimentation in Animal Biology 2 I 

plainly aware of an experiment's ends and hazards proceeded without hesi

tation and with no other care than to contribute to solving the problem. 

Between such limit cases of apparent legitimacy and the opposite cases 
of manifest ignominy (where human beings, devalorized by legislators as 

socially inferior or physiologically lacking, are forcibly utilized as experi

mental material45) lies the infinite variety of cases where it is difficult to 

decide whether, in the absence of a complete knowledge of the elements 

of the problem-which the operating surgeon also lacks, given that he is 

experimenting, that is, running a risk-we can still speak of a patient's con

sent to the semi-therapeutic and semi-experimental act proposed to him.46 

Finally, there are cases where evaluation and critique could be directed 
not just at patient consent but also at the invitation extended by researchers. 

The study of the first stages of the development of the human egg benefited 

from observations made in the following experimental circumstances: a gy

necologist asked certain women, on whom he was to operate for various 

uterine conditions, to have sexual relations on fixed dates. Since the ablation 
of the uterus took place on a known date, it was possible to dissect the part 

removed and examine the structure of the fertilized eggs, whose ages were 
thus easy to calculateY 

The problem of human experimentation is no longer a simple problem 

of technique but a problem of value. As soon as biology concerns man no 

longer merely as a problem but as an instrument for research into solutions 

concerning him, it becomes a matter of deciding whether the benefit of 

knowledge is such that the subject of knowledge could consent to becoming 

the object of its own knowledge. We have no difficulty recognizing here the 

always-open debate regarding man as a means or an end, as an object or a 

person. This is to say that human biology does not contain within itself the 
answer to questions concerning its nature and meaning.48 

This study has tried to insist on the originality of biological method, on 
the formal obligation to respect the specificity of its object, and on the value 

of a certain sense of biological nature that is proper to the direction of 

experimental operations. Someone who considers himself more intellectual

ist or more empiricist than we are might consider too great the share we 
have granted to trial and error in experimentation or, on the contrary, to 

invention. One can say today that biology is a science of decisive importance 

for posing the philosophical problem of the means to knowledge and the 
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value of these means. This is because biology has become autonomous, be
cause it testifies to the recurrence of the object of knowledge in the consti
tution of knowledge targeting the nature of this object, and finally because 
in it knowledge and technique are indissolubly linked. 

In order better to approach the paradox of biology, we would like to 
use an image. In Jean Giraudoux's Electra,49 the beggar, the vagabond who 
stumbles across squashed hedgehogs on the road, meditates on the hedge
hog's original sin that drives him to cross roads. If this question has philo
sophical sense, because it poses the problem of destiny and death, it has 
much less biological sense. A road is a product of human technology, one 
of the elements of the human milieu-but it has no biological value for the 
hedgehog. Hedgehogs as such do not cross roads: they explore, in their own 
way, their own hedgehog milieu, on the basis of their alimentary and sexual 
impulses. On the contrary, it is man-made roads that cross the hedgehog's 
milieu, his hunting ground and the theater of his loves, just as they cross 
the milieus of the rabbit, the lion, or the dragonfly. Now, experimental 
method-as the etymology of the word method shows50-is also a sort of 
road that the human biologist traces through the world of the hedgehog, 
the frog, the fruit fly, the paramecium, or the streptococcus. The use of 
concepts and intellectual tools forged by that living scientist, the biologist, 
in order to understand the experience of life proper to the organism is thus 
at once both inevitable and artificial. We will not conclude from this that 
experimentation in biology is useless or impossible. Instead, keeping in 
mind Bernard's formula that "life is creation," we will say that the knowl
edge of life must take place through unpredictable conversions, as it strives 

to grasp a becoming whose meaning is never so clearly revealed to our 
understanding as when it disconcerts it. 5 1  
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History 
The extension of knowledge must be based upon that already achieved. 

Now the limits of knowledge are by no means clearly demarcated. Between 

the unknown and the known is no well-surveyed frontier, but rather a 

ragged and ill-defined borderland. Before he reaches the firm ground on 

which alone foundations can be safely laid, the man of science must work 

backwards for a space until he is behind that disturbed and shifting area. 

As we widen the sphere of our scientific purview, so shall we need-if we 

would make our vision clear and free from distortion-to penetrate ever 

farther back in history. 

C HA R L E S S I N  G E R , A Hist01Y of Biology 





TWO 

Cell Theory 

Until now, the history of science in France has received more encourage
ment than contributions. Its place and role within general culture are not 
denied, but they are poorly defined. Its very meaning is in flux. Should the 

history of science be written as a special chapter in the general history of 
civilization? Or should one look for the expression of an age's general 
spirit-its WeltanschaZtZtng-in its scientific conceptions? Problems of attri
bution and competence also remain unresolved. Is this history the province 
of the historian, with his competences as exegete, philologist, and erudite 

(especially for antiquity) or rather of the specialized scientist, capable of 
mastering, in his capacity as expert, the scientific problem whose history he 
retraces? 

Must one oneself be capable of contributing to the progress of a scientific 
question in order to be able to retrace it historically, down to the first 
clumsy attempts of those who first formulated it? Or is it enough for the 
historian of science to bring out the historical, as in outmoded, character of 
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such and such a work, of such and such a conception in order to reveal the 

obsolete nature of a notion despite the persistence of a term? Finally, and 

following from the above, what is the value of the history of science for 

science? If the true-the goal of scientific research-is exempt from histori

cal transformation, then is the history of science anything more than a mu
seum of errors of human reason? In that case, the history of science would 

not be worth a single hour's effort for the scientist, for the history of science 

would be a question of history but not of science. If one were to continue 

in that vein, one could go so far as to say that the history of science is more 

of a philosophical curiosity than a stimulant to the scientific spirit. ! 

An attitude of this sort presupposes a dogmatic conception of science 

and, if we may, a dogmatic conception of scientific critique, a conception of 

the "progresses of the human spirit" that belongs to the Aufkldrung, the 

Marquis de Condorcet, and Auguste Comte. Hovering over this conception 

is the mirage of a "definitive state" of knowledge, by virtue of which scien

tific prejudice belongs to the judgments of bygone eras. Something is con

sidered an error because it is from yesterday. Chronological anteriority is 

taken for logical inferiority.2 Such an attitude does not conceive progress as 

a relation of values in which the displacement of values by others would be 

constitutive of value itself; instead, it identifies progress with the possession 

of an ultimate value that transcends the others, permitting their deprecia

tion. Emile Brehier has accurately remarked that what history there is in 

Auguste Comte's Cours de philosophie positive is an inventory less of scientific 

notions than of prescientific notions.3 According to that conception of sci

ence, and despite its equation of the positive with the relative, the positivist 

notion of the history of science masks a latent dogmatism and absolutism. 

In positivism, there could be a history of myths but not a history of science. 

Nevertheless, the development of the sciences beyond the age of the 

positivist philosophy of science does not permit such serene confidence in 

the automatic progress of the depreciation of theories. To cite but one ex

ample, which has taken on the dimensions of a crisis, in the course of which 

numerous scientific concepts have had to be re-elaborated, we can no longer 

say in optics that the theory of waves has invalidated the theory of emis

sions, that Huyghens and Fresnel have definitively convicted Newton of 

error. The synthesis of these two theories in wave mechanics prohibits us 

from considering either representation of the phenomenon of light to have 
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been eliminated in favor of the other. Now, once an old theory, long con
sidered outdated, gains a new (although sometimes seemingly paradoxical) 
actuality, one perceives, in rereading with a more sympathetic attitude the 
authors who proposed it, that they themselves quite often experienced a 
certain reluctance about its value as an exhaustive explanation and were able 

to glimpse its eventual correction and completion by other views-views 
that they themselves were naturally inept at formulating. 

It is thus that Newton discovered, in the guise of the rings that now bear 
his name, phenomena of diffraction and interference that the corpuscular 
theory of emission could not explain. He was then led to suspect the neces
sity of completing his conception of light by recourse to elements of a peri
odic nature (the theory of "fits of easy reflection and easy transmission"), a 
complement that Louis de Broglie sees as "a sort of pre-figuration of the 
synthesis to be realized two centuries later by wave mechanics."4 Regarding 
Newton, Paul Langevin has remarked that the theory of gravity offers a 
striking case of the "senilization of theories by dogmatization," for which 
the author of the I 687 Principia is not personally responsible, attentive as 
he was to all the facts that the hypothesis of attraction at a distance could 
not make intelligible.s "It is his disciples who, in the context of the success 
of the N ewtonian attempt, gave it a dogmatic aspect that went beyond the 
thought of its author and made going back on it more difficult." From this 
and certain other analogous facts, Langevin draws conclusions clearly unfa

vorable to the dogmatic spirit of the teaching of the sciences today. In order 
to prepare new minds for scientific work, that is, for a wider understanding 
of problems or for a calling into question of certain solutions, a return to 
the sources is indispensable: 

To combat dogmatism, it is very instructive to observe to what degree the 

founders of new theories were more and better aware than their successors and 

commentators of the weaknesses and insufficiencies of their systems. Their reser

vations are then forgotten, and what was for them a hypothesis becomes dogma, 

more and more intangible the further it is from its origins, and a violent effort 

becomes necessary in order to free oneself from it when experience comes to 

refute the more or less distant consequences of ideas whose provisionary and 

precarious character had been forgotten.6 

In biology, we would like to cite, in support of Langevin's fertile ideas, the 
case of the problem of species. Every elementary manual of natural history 
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or philosophy of science denounces Linnaeus as the authoritarian father of 

the theory of fixed species. Emile Guyenot, in his work Les sciences de la vie 

aux XVII et XVIII si'ecles, writes that "it was Linneaus's dogmatic spirit that 

erected the notion of the fixity of species into a principle."7 Yet further on, 

Guyenot recognizes that Linnaeus's observations on hybridization led him 

to admit "a sort of limited transformism," whose mechanism remained un

known to him.8 Charles Singer, who in one passage of his History of Biology 

also subscribes to the dogma of Linnaeus's fixist dogmatism, offers at a dif

ferent moment a correction to this first interpretation.9 Both Guyenot and 

Singer contrast Linnaeus with John Ray, a nuanced and hesitant fixist. But 

Linneaus himself made much clearer corrections to his initial fixism than 

did Ray, and he did so in view of biological phenomena of much greater 

significance. Lucien Cuenot, in his L 'Espece (Species), saw this very well, 1 0  

and it  also comes out with admirable clarity in the book Carl Linne (Carolus 

Linneaus), by Knut Hagberg. 1 1  Linnaeus's meditation on monstrous and 

"abnormal" varieties in the animal and vegetable kingdom led him to aban

don completely his first conception of species. According to Hagberg, we 

must concede that Linnaeus, the alleged champion of fixism, "is one of the 

naturalists who doubt the validity of that thesis."  Linnaeus never completely 

abandoned the idea that certain natural orders were created by God, but he 

recognized the existence of species and even genera that were "children of 
time,"12 and he ended up suppressing in the last, continually reworked edi

tions of his Systema Naturae (System of Nature) the assertion that new species 

are never producedY Linnaeus never came to a clear notion of species. 

Were his successors, who did not have to overcome-as he did-the obsta

cle of their own point of departure, any more successful? Then why would 

the historian of science present Linnaeus as responsible for a doctrinal ri

gidity for which pedagogy, rather than the constitution of the theory, is 

responsible? Linnaeus's work doubtless allowed one to derive fixism, but, 

on the basis of the entire oeuvre, one could also have taken something different. The 

fecundity of a scientific work stems from the fact that it does not impose the 

methodological or doctrinal choice toward which it tends. One has to look 

for the reasons behind this choice elsewhere than in the work itself. It seems 

to us that the benefit of a history of science properly understood is to reveal 

the history in science-by which we mean the sense of possibility. To know 

is not so much to run up against the real as to validate the possible by 
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rendering it necessary. From then on, the genesis of the possible is as im
portant as the demonstration of the necessary. The fragility of one does not 
deprive it of a dignity that the other gains by its stability. The illusion could 
have been a truth. The truth will perhaps reveal itself one day to be illusion. 

In France, in parallel with the extinction of eclectic spiritualism's last 

adherents at the end of the nineteenth century, thinkers such as Emile Bou

troux, Renri Poincare, Renri Bergson, and the founders of the Revue de 

mitaphysique et de morale undertook, with good reason, to bring philosophy 

and the sciences closer together. But it is not enough to give philosophy the 

appearance of seriousness by doing away with its verbal and dialectical (in 
the bad sense of the term) juggling. It would be fruitful for science to gain, 

from its commerce with philosophy, a certain kind of freedom, which would 
prevent it from superstitiously treating knowledge as a long-sought revela

tion and truth as positive dogma. It is thus profitable to look for the ele

ments of a conception of science and even of a method of culture in the 

history of science, understood as the psychology of the progression by 
which notions have attained their current content, as the articulation of 
logical genealogies and-to use an expression of Gaston Bachelard-as a 

census of "epistemological obstacles" overcome. 
We have chosen, as a first attempt of this order, the case of cell theory 

in biology. 

Cell theory is very well suited to induce the philosophical spirit to linger 

over the character of the science of biology: Is it rational or experimental? 
It is the eyes of reason that see light waves, but it certainly seems that it is 

the bodily eyes, the sense organs, that identify cells in a plant cutting. Cell 
theory could thus be considered a collection of protocols of observation. 
The eye armed with the microscope sees macroscopic life as composed of 

cells, just as the naked eye sees macroscopic life as making up the biosphere. 

And yet the microscope is an extension of intelligence rather than of sight. 

Furthermore, cell theory is not the affirmation that beings are composed of 

cells, but, first, that the cell is the sole component of all living beings and, 

second, that every cell comes from a pre-existing cell. Now, what authorizes 
us to say this is not the microscope. The microscope is at most one of the 
means for verifying it after it has been said. But where did the idea to say it 
come from, before it had been verified? It is here that the history of the 
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formation of the concept cell has its importance. The task is greatly facili
tated by Marc Klein's work Histoire des origines de la theorie cellulaire. 14 

As regards the cell, too much credit is generally given to Robert Hooke. 
True, he discovered the thing, a bit by chance and a bit by a playful curios
ity, amused by the microscope's first revelations. Having made a fine slice 
in a piece of cork, Hooke observed its partitioned structure. is It was also he 
who, under the influence of an image, invented the word cell, comparing 
the plant object to a honeycomb-the work of an animal-and the honey
comb to a human creation-a cell is a small room. Still, Hooke's discovery 
did not initiate anything-it was not a point of departure. The word itself 
was lost and would be found only a century later. 

The discovery of the thing and the invention of the word call for several 
reflections. With the cell, we have before us a biological object of consider
able and incontestable affective overdetermination. The psychoanalysis of 
knowledge now counts enough felicitous successes to merit the dignity of a 
genre to which one can contribute, even without systematic intent. 16 Every
one can find among his memories of natural history lessons the image of 
the cellular structure of living beings. This image has a quasi-canonical con
stancy. The schematic representation of the epithelium is the image of a 
honeycombY The word cell makes us think not of a monk or a prisoner but 
of a bee. Ernst Haeckel observed that wax cells filled with honey correspond 
completely to plant cells filled with cellular fluid. is However, we do not 
think that the influence of the notion "cell" on the mind stems from the 
integrality of this correspondence. Instead, who knows if the human mind, 
consciously borrowing the term cell from the beehive in order to designate 
the element of the living organism, did not also borrow, almost uncon
sciously, the notion of the co-operative work that produces the honeycomb? 
Just as a honeycomb cell is an element of an edifice, bees are, in Maurice 
Maeterlinck's expression, individuals entirely absorbed by the republic. 1 9  In 
fact, "cell" is a notion at once anatomical and functional; it is the notion of 

an elementary material and an individual, partial, and subordinated work. It 
is certain that affective and social values of co-operation loom, near or far, 
over the development of cell theory. 

In 167 1 ,  several years after Hooke, Marcello Malpighi and Nehemiah 
Grew simultaneously and separately published works on the microscopic 
anatomy of plants. Without reference to Hooke, they rediscovered the same 
thing, but used a different word. Each of them observed that in the living 
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being there exist what we now call cells, but neither claimed that the living 
being is nothing but cells. According to Klein, Grew was much more a 
partisan of the theory according to which cells are secondary formations, 
appearing in an initial living fluid.20 Let us take this occasion to pose a 
problem for which the history of a biological theory is of true scientific 
interest. 

As long as biology has been interested in the morphological constitution 
of living bodies, the human mind has oscillated between the following two 
representations: either a fundamental, plastic, continuous substance; or a 
composition of parts, organized atoms, or seeds of life. Here, as in optics, 
the two intellectual exigencies of continuity and discontinuity come up 
against one another. 

In biology, the term protoplasm now designates a component of the cell, 
which is considered an atomic element of the organism's composition. Ety
mologically, however, the word refers us back to the conception of a primal 
formative liquid. The botanist Hugo von Mohl, one of the first authors to 
observe with precision the birth of cells by the division of pre-existing cells, 
proposed the term protoplasm in r 843 to refer to the physiological function 
of a fluid that precedes the first solid productions wherever cells are born. 
This is' exactly what Felix Dujardin had named sarcode in r 83 5 , meaning by 
this a living jelly later capable of self-organization. Up to and including 

Theodor Schwann (considered the founder of cell theory), the two theoreti
cal images are combined. There exists, according to Schwann, a substance 
without structure, the cytoblastema, in which are born the nuclei around 
which cells form. Schwann says that cells form inside a tissue at the points 
where the nutrient liquid penetrates the tissue. The observation of theoreti
cal ambivalence in the very authors who did the most to lay the foundations 
of cell theory suggests to Klein the following, of capital importance for our 
study: "One thus finds a small number of fundamental ideas persistently 
reemerging among authors working on the most varied objects and placing 
themselves at very different points of view. These authors have certainly 
not taken these ideas from each other; these fundamental hypotheses seem 
to represent constant modes of thought that are part of explanation in the 
sciences."2 1  If we transpose this epistemological observation onto the plane 
of the philosophy of knowledge, we must say, against the empiricist com

monplace often uncritically adopted by scientists when they arrive at a phi
losophy of their experimental knowledge, that theories never proceed from 
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facts. Theories only proceed from previous theories, often very old ones. 
Facts are only the route (rarely direct) by which theories proceed from one 
to another. Such a filiation of theories from theories alone was brought to 
light very well by Comte when he remarked that, since a fact of observation 
presupposes an idea that orients the attention, it is logically inevitable that 
false theories precede true ones. But we have already stated why the Com
tian conception seems untenable to us: it is its identification of chronologi
cal anteriority with logical inferiority, an identification that leads Comte 
(under the influence of an empiricism tempered by mathematical deduc
tion) to sanction the theoretical value-henceforth definitive in his eyes-of 
the logical monstrosity that is the "general fact. "  

To summarize: we  must seek the authentic origins of  cell theory else
where than in the discovery of certain microscopic structures of living 
beings. 

1 707 is a memorable date in the history of biology. It is the year when 
two great naturalists who dominated the eighteenth century were born: 
Carolus Linnaeus and the Comte de Buffon. In 1 708, their equal was born: 
Albrecht von HaIler. In their different ways, they were all preoccupied with 
the unity of the diverse manifestations of life. The idea of an elementary 
composition of living beings was familiar to all of them. But with Linnaeus, 
it is a matter of an intuitive, almost poetic view, which he formulated rather 
incidentally in the 1 747 Viistgifta Resa (Voyages to Westrogothia): 

When plants and animals rot, they become humus, the humus then becomes the 

alimentation of the plants which are planted and rooted in it. In this way, the 

most powerful oak and the most lowly nettle are made of the same elements, that 

is to say, particles finer than humus, which by nature or by a philosopher's stone 

the Creator has placed in each seed in order to change and transform the humus 

according to the species proper to the plant.22 

This is what Linnaeus himself will later call a metempsychosis corporum. Mat
ter remains and the form is lost. According to this cosmic vision, life is in 
the form and not in the elementary matter. Linneaus did not form an idea 
of a living element common to all living beings. Rather, he was a systemati
cian, looking for the unity of the system of the composition of species rather 
than for the plastic element of the individual's composition. 

On the other hand, HaIler and Buffon, in order to respond to speculative 
demands (rather than to microscopic anatomical data), formulated attempts 
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to reduce living beings to a living unity that would b e  a principle in biol

ogy-a principle in the sense both of "primordial existence" and "reason of 

intelligibility. " 

Haller sees fiber as the living element of organisms' composition. This 

fibrillar theory, based above all on the examination of nerves, muscles and 

tendons, and soft connective tissue would persist, in various forms and for 

multiple biologists, until the mid-nineteenth century. The explicitly sys

tematic character of Haller's conception is already obvious from the first 

pages of the Elementa Physiologiae of 1 757 :  "Fiber is for the physiologist 

what the line is for the geometer."23 As Haller conceived it, the element in 

physiology presents the same ambiguity of origin-whether empirical or 
rational-that the element in geometry as conceived by Euclid does. In an

other work from the same period, Haller writes: "The smallest fiber, the 

simple fib er that we perceive through reason rather than through the senses, is 

composed of terrestrial molecules attached lengthwise and linked to one 

another by gluten."24 

In the work of Buffon (who, as Klein emphasizes, made little use of the 
microscope25) we find a theory of the composition of living beings that is, 

strictly speaking, a system-in the sense that the eighteenth century gave 

to this term. Buffon posits principles in order to explain certain facts as 

consequences of these principles. These are, essentially, facts of reproduc

tion and heredity. Buffon presents the theory of "organic molecules" in 

Histoire des animaux (1 748), where he writes: "The animals and plants that 

can multiply and reproduce themselves by all their parts are organized bod

ies composed of other similar organic bodies, the accumulated quantity of 

which we discern with the naked eye, but the primary parts of which we can 

only perceive by reasoning."26 This leads Buffon to argue that there exists 

an infinite quantity of living organic parts, which are of the same substance 

as organized beings. These organic parts, common to animals and plants, 

are primary and unalterable, such that the generation and destruction of 

organized beings is nothing other than the conjunction and disjunction of 

these elementary living beings. 

According to Buffon, this supposition is the only one that allows us to 
avoid the difficulties encountered by the two rival theories of phenomena of 

reproduction proposed before him: ovism and animalculism. In both these 

theories, heredity is unilateral. However, they differ in that the first accepts, 
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following Regnier de Graaf, a maternal heredity, whereas the second ac
cepts, following Antonie van Leeuwenhoek, a paternal heredity. Buffon, at
tentive to phenomena of hybridization, could conceive only of a bilateral 
heredity.27 It is the facts that impose this conception: a child can resemble 
both its father and its mother. "The formation of the fetus is accomplished 
by the coming together of organic molecules contained in the mixture of 
the seminal fluid of the two individuals."28 We know, from the testimony of 
Buffon himself,29 that the initial idea for his theory came from Pierre Louis 
Moreau de Maupertuis, whose Venus physique (The Earthly Venus, 1 745) is a 
critical account of theories concerning the origin of animals.30 To explain 
the production of accidental variations, the line of succession of these varia
tions from one generation to another, and, finally, the establishment or 
destruction of species, Maupertuis came to "regard, as facts that it seems 
experience forces us to accept," the following: that the seminal fluid of each 
animal species contains a multitude of parts capable of forming, by their 
assemblages, animals of the same species; that in the seminal fluid of each 
individual, the parts capable of forming traits similar to those of the individ
ual are those parts greatest in number and with the most affinity; that each 
part of the animal supplies its seeds, such that the animal's semen contains 
a condensed version of the animal. 

The use of the term affinity by Maupertuis is worthy of note. As a con
cept, it appears today to be no more than an empty word. In the eighteenth 
century, it was an authentically scientific concept, charged with all the 
weight of N ewtonian mechanics. One must realize that behind affinity 
stands attraction. In Buffon's thinking, the jurisdiction of Newtonian me
chanics over the domain of living organization is even more explicit: 

It is obvious that impulsion and the other laws of ordinary mechanics can explain 

neither the circulation of blood, the movement of muscles, nor the animal func

tions; it is just as obvious that nutrition, development, and reproduction take 

place by other laws. If so, then why not admit forces which penetrate and act on 

the masses of bodies, especially since we have examples of such laws in the gravity 

of bodies, magnetic attractions, and chemical affinities?3 1  

This aggregation of organic molecules by attraction obeys a sort of law of 
morphological constancy; this is what Buffon calls the "inner mold." With
out the hypothesis of the inner mold added to that of organic molecules, the 
nutrition, development, and reproduction of the living are unintelligible: 
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The body of an animal is a kind of inner mold in which the matter used for its 
growth is modeled and assimilated to the whole . . . .  It thus seems to us certain 
that the body of the animal or plant is an inner mold, which has a constant form 
but whose mass and volume can increase proportionally, and that the growth or, 
if one prefers, the development of the animal or plant is only effected by the 
extension of this mold in all its exterior and interior dimensions; this extension 

is d one through the intussusception of an accessory and foreign matter, which 
penetrates into the interior and b ecomes similar to the form of the mold and 
identical with its matter.32 

The inner mold is a logical intermediary between the Aristotelian formal 
cause and the "guiding idea" of which Bernard speaks. It answers to the 
same exigency of biological thought, that of explaining the morphological 
individuality of the organism. Buffon is convinced that he does not fall into 
metaphysics in proposing such a hypothesis; he is even sure that it does not 
come into conflict with the mechanistic explanation of life, on condition 
that one accepts both the principles of Newtonian mechanics and the prin
ciples of Cartesian mechanics: "In my explanation of development and re
production, I agreed first with the accepted mechanical principles, and 
second with the principle of the penetrating force of gravity, which one is 
obliged to accept; and by analogy, I thought I was able to say that there 
were still other penetrating forces that act in the organized body, as experi
ence assures us is the case."33 These last words are remarkable. Buffon 
thinks he has proven, by the facts and by generalizing from experience, that 
there exists an infinite number of organic parts. 

In fact, what Buffon attributes to experience is actually a certain way of 
interpreting experience, for which experience itself is less responsible than 
Buffon's readings. Buffon read, studied, and admired Newton;34 in 1 740, he 
translated and wrote the preface to the Method of Fluxions.35 Charles Singer 
perspicaciously recognizes this translation as a fact of definite interest for 
the history of French biology, for it gave umbrage to Voltaire, who wanted 
to monopolize the importation of Newtonian theories into France. Voltaire 
never praised Buffon without reservation; he mocked Buffon's collaborator 
John Turberville Needham; and he advanced objections to the geographical 
explanations in the Theory of the Earth and the Epochs of Nature that were 
more often than not ridiculous. It is incontestable that Buffon sought to be 
the Newton of the organic world, a bit like Hume, in the same period, 
sought to be the Newton of the psychic world. Newton had demonstrated 
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the unity of the forces that move heavenly bodies and those that act on 
bodies on the earth's surface. Through attraction, he explained the cohesion 
of elementary masses into more complex material systems. Without attrac

tion, reality would be dust and not universe. 
For Buffon, "if matter would cease to attract" is a supposition equivalent 

to "if bodies were to lose their coherence. "36 Being a true N ewtonian, Buf
fon accepts the material and corpuscular reality of light: 

The smallest molecules of matter, the smallest atoms we know, are those of 

light . . . .  Light, although endowed in appearance with a quality completely 

opposed to that of gravity-that is to say, a volatility one would take to be essen

tial to it-is nevertheless weighty like all other matter, since it bends every time 

it passes near other bodies and finds itself affected by their sphere of attraction . 

. . . And just as all matter can be converted into light by the division and repulsion 

of its overly divided parts, when these parts clash against each other, light can 

also convert itself into completely different matter by the adding together of its 

own parts, accumulated by the attraction of other bodies.37 

Light, heat, and fire are modes of being of common matter. To do the work 
of science is to look for how "with this single motor and this single subject, 
nature can vary its works infinitely. "38 A corpuscular conception of matter 
and light cannot but lead to a corpuscular conception of living matter for 
anyone who thinks that living matter is only matter and heat: 

One may ascribe to attraction alone all the effects of raw matter and, to this same 

force of attraction plus that of heat, all the phenomena of live matter. By live 

matter I mean not only all the beings that live or vegetate, but also all the living 

organic molecules, dispersed and spread out through the detritus or residues of 

organized bodies; I mean also by live matter that of light, fire, and heat; in a 

word, all matter that appears to us to be active by itself.39 

This is the logical filiation that, for us, explains the birth of the theory of 

organic molecules. A biological theory is born out of the prestige of a theory 
of physics. The theory of organic molecules exemplifies a method of expla
nation, the analytic method, and privileges a type of imagination, the imagi
nation of the discontinuous. Nature comes down to the identity of an 
element-"a single motor and a single subject"-whose composition with 

itself produces the appearance of diversity: "to vary its works infinitely. " 

The life of an individual, whether animal or plant, is thus a consequence 
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and not a principle, a product and not an essence. An organism is a mecha
nism whose global effect necessarily results from the assemblage of its parts. 
True living individuality is molecular, monadic: 

The life of the animal or the vegetal appears to be nothing more than the result 

of all the actions, all the particular little lives (if I may be allowed to express 

myself in this way) of each one of these active molecules, whose life is primitive 

and appears to be indestructible: we have found these living molecules in all 

living or vegetating beings: we are certain that all these organic molecules are 

also proper to nutrition and by consequence to the reproduction of animals and 

plants. It is thus not difficult to conceive that, when a certain number of these 

molecules are united, they form a living being: life being in each of the parts, it 

can be in a whole, in any assemblage whatsoever of these parts.40 

We have likened Buffon to Hume.41 As is well known, Hume believed 
that his effort to enumerate and determine the simple ideas whose associa
tion with one another produces the appearance of a unity of mental life was 
authorized by Newton's success.42 Lucien Levy-Bruhl has brought out this 
point very well in his preface to Hume's Oeuvres choisies.43 Buffon's biologi
cal atomism corresponds symmetrically to Hume's psychological atomism. 
We would like to pursue this symmetry further by describing the theory 
of organic molecules as biological associationism. Associationism implies 

association-that is to say, the constitution of a society subsequent to the 
separate existence of its participating individuals. Buffon certainly shared 
the sociological conceptions of the eighteenth century. Human society is 
the result of a reflected co-operation of thinking social atoms-individuals 
who, as such, are capable of prediction and calculation. "Society, even that 
of a single family, presupposes the faculty of reason in man."44 The social 
body, like the organic body, is a whole explicable by the composition of its 
parts. Yet it is not to a society of the human type that Buffon compared the 
complex organism, but rather to an unpremeditated aggregate. For Buffon 

distinguished quite clearly an arranged society, such as that of men, from a 

mechanical gathering, such as that of a beehive. We are familiar with the 
famous pages in which Buffon drove anthropomorphic comparisons out of 

accounts of bees' lives, bringing back the principles of Cartesian mechanics 
in order to explain the "marvels" of beehives. The society of bees "is noth

ing but a physical assemblage ordered by nature and independent of all 
vision, all knowledge, and all reasoning."45 Note here the term assemblage. 
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Buffon used it to define the individual organism as well as the society of 
insects. The comparison of the structure of insect societies to the multicel
lular structure of metazoa is also found in Alfred Espinas, Henri Bergson, 
Maurice Maeterlinck, and William Morton Wheeler. But these authors 
have a conception of individuality large and supple enough to encompass 
the social phenomenon itself. There is no such thing in Buffon. For him, 
individuality is not a form, it is a thing: there is only individuality at the 
final degree of reality that analysis can attain in its decomposition of a 
whole. Only the elements have a natural individuality; compounds have 
merely an artificial individuality, whether mechanical or intentional. It is 
true that the introduction of the concept of the "inner mold" into the the

ory of generation places a limit on the exhaustive value of the analytic bias 
that sparked the "organic molecule" concept. The inner mold is the presup
position necessary to explain the persistence of certain forms among the 
perpetual reshuffling of vital atoms; it translates the limits of a certain meth
odological exigency in the presence of an individual datum. 

The obstacles a theory faces are just as important to understanding its 
fate as is the theory's own tendency. But it is by this tendency that a theory 
begins to create the intellectual atmosphere of a generation of researchers. 
Reading Buffon mllst have reinforced, for the biologists who read him, the 
same spirit of analysis that reading Newton had aroused in him. 

Speaking of Buffon, Singer says: "The cell doctrine, had it been avail
able, would particularly have rejoiced him. "46 This is indubitable. When the 
naturalist from Montbard sought "this single motor and this single subject" 
that nature uses to diversify itself into complex living beings, he could not 
yet know that he was seeking what nineteenth-century biologists would call 
a cell. And those who located the final element of life in the cell undoubt
edly forgot that they were realizing a dream, rather than a project, of Buf
fon's. Even in scientists' dreams, a small number of fundamental themes 
persist. Man can thus easily recognize his own dreams in the adventures and 
successes of his fellow men. 

We have just examined, in the case of Buffon, the origins of a theoretical 
dream that we can call prophetic so long as we do not fail to appreciate 
the distance that separates a presentiment-even an expert one-from an 
anticipation, even an unsophisticated one. For there to be anticipation 
strictly speaking, the facts that authorize it and the paths to its conclusion 
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must be of the same order as  those that impart to a theory its truly transi
tional reach. For there to be presentiment, fidelity to the elan of what Gas

ton Bachelard calls in L 'air et les songes (Air and Dreams) "a movement of 
the imagination" is sufficient.47 This distance between presentiment and 

anticipation is the distance that separates Buffon from Lorenz Oken. 

Singer and Klein-Emile Guyenot too, although more summarily-have 

not failed to emphasize the role played by Oken in the formation of cell 

theory. He belonged to the Romantic school of philosophers of nature 

founded by Schelling.48 In the nineteenth century, the speculations of this 

school had as much influence on German doctors and biologists as on liter

ary figures. There is an unbroken connection between Oken and the first 

biologists aware of finding the first groundings of cell theory in observed 

facts. Matthias Jakob Schleiden, who formulated the theory of cells for 

plants, taught at the University ofJena, where the memory of Oken's teach

ing was very much in the air.49 Theodor Schwann, who extended cell theory 

to all living beings ( 1839-42), lived in the company of Schleiden and Johan

nes Muller, who was his teacher. 50 In fact, Muller had belonged to the 

school of philosophers of nature in his youth. Singer thus can very justly 

say of Oken "that he in a certain way sowed the thought of the authors who 

are considered in his place to be the founders, of cell theory."5 1  

The facts Oken cited belong to the domain of what has since been called 

protistology. We know the role Felix Dujardin's works ( 1841) played in 

the elaboration of cell theory, critiquing Christian Gottfried Ehrenberg's 

conception, according to which the infusoria are perfect organisms ( 1838)

that is, complete and complex animals with co-ordinated organs. Before 

Dujardin, infusoria designated not a special group of unicellular animals but 
the ensemble of microscopic living beings, animal or plant. This term re

ferred to paramecia (described in 1 702), amoebae (described in 1 755), and 
even to microscopic but incontestably multicellular algae and worms. And 

at the time Oken wrote his treatise Die Zeugung (Generation) ( 1 805), infuso

rium did not explicitly designate a protozoan, but nevertheless Oken used 

the word in the sense of an absolutely simple and independent living 
being.52 During this period the term cell, which had been reinvented several 

times since Hooke (notably by Gallini and Ackermann), did not correspond 

to that ensemble of notions. It was only starting with Dujardin, von Mohl, 
Schwann, and Max Schultze that it began to do so, but it was already in 
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more or less this same sense that Oken had understood it. This, then, is a 
perfect case of anticipation. 53 

Let us turn to a highly significant fact. When historians of biology try to 
persuade their readers, by means of quotations, that Oken should be consid
ered a founder rather than a precursor of cell theory, they do not cite the same 

texts. This is because there are two ways to think the relation of a whole to 

its parts: one can proceed from the parts to the whole or from the whole to 
the parts. To say that an organism is composed of cells does not amount to 
the same thing as to say that it can be broken down into cells. There are 
thus two different ways to read Oken. 

Singer and Guyenot cite the same passage from Generation: "All organ
isms are born from cells and are formed by cells or vesicles. "  These cells 
are, according to Oken, the protoplasm (Urschleim), the infusorial mass 
from which larger organisms are formed. The infusoria are primitive ani
mals (Urtiere). Singer also cites the following passage: "Their production is 
therefore nothing else than a regular agglomeration of Infusoria."54 Apart 
from his terminology, Oken says just what Buffon said: there exist abso
lutely simple living units, and their assemblage or agglomeration produces 
complex organisms. 

However, the perspective changes when we read the texts cited by Klein: 
"The genesis of infusoria is not due to a development starting from eggs; it 
is a breaking of links in larger animals, a dislocation of the animal into its 
constituent animals . . . .  All flesh decomposes into infusoria. One may invert 
this statement and say that all larger animals must be composed of constitu
tive animalcula."55 Here the idea that the composition of organisms begins 
from elementary living beings is only a logical reciprocity. The initial idea 
is that the element is the result of a liberation. The whole dominates the 
part. And this is indeed what the text that follows Klein's citation confirms: 

The association of primitive animals in the form of flesh should not be thought 

of as a mechanical joining of one animal to the other, like a pile of sand in which 

there is no other association than an accumulation of numerous grains. No. Just 

as oxygen and hydrogen disappear into water, mercury and sulfur into cinnabar, 

what occurs here is a veritable interpenetration, an interlacing and a unification 

of all the animalcula. From this moment on, they no longer lead their own lives. 

They are all put to the service of the more elevated organism; they work in view 

of a unique and common function; or rather, they carry this function out in 

realizing themselves. No individuality is spared here; individuality is quite simply 
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ruined. But this language i s  inappropriate: the individualities brought together 

form another individuality; the former are destroyed and the latter only appears 

by their destruction.56 

Here we are far from Buffon. The organism is not a sum of elementary 
biological realities. It is a superior reality in which the elements as such 
are negated. Oken anticipates the theory of degrees of individuality with 
exemplary precision. This is no longer merely a presentiment. Any presenti
ment in Oken concerns instead notions that the technique of tissue- and 
cell-cultures has provided contemporary biologists, notions regarding the 
differences between what Hans Petersen calls the "individual life" and the 

"professional life" of cells.57 Oken conceived the organism in the image 
of society-not society as an association of individuals, as per the political 
philosophy of the Aujkliirung, but as the community conceived by Romantic 
political philosophy. That authors as informed and thoughtful as Singer and 
Klein could present the same doctrine from such different viewpoints will 
surprise only those incapable of appreciating what we have called the theo
retical ambivalence of scientific minds. The freshness of their research 

protects these minds from dogmatism, the symptom of either sclerosis or 
precocious senility. Even more, we find a single author, Klein, relating 
Oken to his biologist contemporaries in very different ways. The French 
botanist Charles Brisseau-Mirbel wrote in 1 839  that "each cell is a distinct 
utricle, and it seems that a truly organic connection is never established 

between them. They are so many living individuals, each one enjoying the 
ability to increase, to multiply, to modify themselves within certain limits, 
working in common to the profit of the plant, whose constitutive materials 
they thus become; the plant is thus a collective being."58 On this text, Klein 

comments that Brisseau-Mirbel's descriptions were warmly received by the 
school of philosophers of nature, for they confirmed through experimenta
tion the general vesicular theory proposed by Oken. But elsewhere Klein 

cites an 1 826 text by Pierre Jean Frans;:ois Turpin, a botanist who thought 

that a cell can live either in isolation or in federation with others to form 
the composite individuality of a plant, in which the cell "grows and propa

gates itself for its own benefit, without troubling itself in the least about 
what is happening with its neighbors. "59 Klein adds: "This idea is opposite 
to Oken's conception, according to which the lives of the units that com
pose a living being fuse with each other and lose their individuality to the 
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benefit of the life of the ensemble of the organism." Between the linking of 
Oken to Brisseau-Mirbel, on the one hand, and the opposition of Oken to 

Turpin, on the other, the contradiction is only apparent. It would be a real 

contradiction if the relation between simplicity and composition were itself 
a simple relation. But it is precisely not simple-especially in biology. The 

entire problem of the individual is at stake here. By the theoretical difficul

ties it raises, individuality obliges us to dissociate two aspects of living be

ings that are naIvely and immediately blended in our perception of these 

beings: matter and form. The individual is what cannot be divided in form, 

even as we sense the possibility of dividing its matter. In certain cases, the 

indivisibility essential to individuality is only revealed once the division of a 

materially larger being has been completed. But is this individuality merely 

a limit to the division undertaken, or is it a priori transcendent to all divi

sion? The history of the concept of the cell is inseparable from the history 

of the concept of the individual. This has already allowed us to maintain 

that social and affective values hover above the development of cell theory. 

How could one not bring together Oken's biological theories and the 

political philosophy dear to the German Romantics so profoundly influ

enced by Novalis? Glaube und Liebe: Der Ko"nig und die Konigin (Faith and 

Love: The King and Queen) appeared in r 798, Europa oder die Christenheit 

(Europe, or Christendom) in r 800 (Oken's Generation is from r 805). These 

works contain a violent critique of revolutionary ideas. Novalis reproaches 

universal suffrage for atomizing the popular will and for failing to appreciate 

the continuity of society (more exactly, of the community). Anticipating 

Hegel, Novalis and, some years later, Adam Heinrich Muller consider the 

state a reality willed by God, a fact that exceeds the individual's reason 

and to which the individual must sacrifice himself.60 If these sociological 

conceptions offer an analogy with biological theories, this is because, as has 

often been remarked, Romanticism interpreted political experience on the 

basis of a certain conception of life. That conception was vitalism. At the 

very moment when French political thought was offering Europe the social 

contract and universal suffrage, the French school of vitalist medicine was 

proposing an image of life as transcendent to analytic understanding. For 

this school, an organism could not possibly be understood as a mechanism; 

life is a form irreducible to any composition of material parts. Vitalist biol

ogy gave totalitarian political philosophy the means if not the obligation to 
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inspire certain theories concerning biological individuality. The problem of 
individuality is itself indivisible.61 

The moment has come to present a rather strange paradox in the history of 
cell theory among French biologists. The advent of this theory was long 
delayed by the influence of Xavier Bichat. Bichat had been the student of 
Philippe Pinel, whose Nosographie philosophique (Philosophical Nosography, 
r 798) assigned each disease an organic cause in the form of a lesion located 
less in an organ or an apparatus than in "membranes" that are components 
common to different organs.62 Bichat, inspired by this, published the Traite 

des membranes (r  800), in which he enumerated and described the twenty
one tissues that compose the human body.63 According to Bichat, tissue is 
the plastic principle of the living being and the final term in anatomical 
analysis. 

The term tissu ("tissue") merits attention. Tissu comes from tistre, an 
archaic form of the verb tisser ("to weave"). If the term cell appears charged 
with implicit significations of an affective and social order, the term tissue 

seems no less charged with extra-theoretical implications. A cell makes us 
think of the bee and not of man. Weaving makes us think of man and not 
of the spider: woven fabric is human work par excellence. The cell, with its 
canonical hexagonal form, is the image of a whole closed in upon itself. 
Tissue offers the image of a continuity in which any interruption is arbi
trary, and it is the product of an activity always open to continuation.64 One 
cuts here and there as needed. Furthermore, a cell is a fragile thing, made 
to be admired, looked at but not touched at the risk of destruction. By 
contrast, one has to touch, feel, rub a tissue to appreciate its grain, supple
ness, softness. One folds and unfolds a tissue; one unrolls it into waves atop 
one another on the merchant's counter. 

Bichat did not like microscopes, perhaps because (as Klein suggests, fol
lowing Franc;ois Magendie) he didn't know how to use them well.65 Bichat 

preferred the scalpel-and what he called the final element of the anatomi
cal order was what the scalpel allowed him to dissociate and separate. But 
at the tip of a scalpel it is just as impossible to discover a cell as it is to 
find a soul. We intentionally allude to this materialist claim. Through the 
intermediary of Pinel, Bichat is a descendant of Paul-Joseph Barthez, the 
famous vitalist doctor of the Montpellier School. Bichat's Recherches physiolo

giques sur la vie et la mort ( r 800) is symptomatic of this filiation.66 If vitalism 
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holds life to be a principle transcendent to matter, an indivisible and un
graspable form, then even an anatomist inspired by it would be unable to 
make the supposed elements of the living being contain what he considers 
to be a quality of the totality of this being. Seen by Bichat to be the fabric 
out of which living beings are cut, tissue offers an image adequate to the 
continuity of the vital fact, as required by vitalist exigency. 

Bichat's doctrine provided Auguste Comte (either through the teaching 
of Henri Marie Ducrotay de Blainville or through a direct reading) with 
some of the themes he presented in the forty-first lesson of the Cours de 

pbilosopbie positive. Comte makes manifest his hostility to the use of the mi
croscope and to cell theory, hostility for which he has been frequently re
proached by those who have seen the development of the science of biology 
since then as a condemnation of his hesitations and aversions. Leon Brun
schvicg in particular never forgave Comte his dogmatic interdictions against 
certain mathematical or experimental techniques, nor did he forgive Comte's 
infidelity to the analytic method and his "false conversion" to the primacy 
of synthesis-at the precise moment in the Cours (the forty-eighth Lesson) 
when Comte undertakes his examination of the procedures of knowledge 
adequate to the organic object and recognizes the positive validity of the 
intellectual process that consists in going "from the whole to the parts."67 
But it is not easy to abandon all dogmatism, even when denouncing the 
dogmatism of others. Comte's authoritarianism is certainly unacceptable, 
but, at least insofar as cell theory is concerned, his reservations about a 
certain tendency of the scientific spirit perhaps merit an honest attempt at 
understanding. 

Comte considers cell theory to be "a fantastical theory, obviously the 
product of an essentially metaphysical system of general philosophy." And 
it is the German naturalists of the period, pursuing "speculations above 
and beyond biological science,"  whom Comte makes responsible for this 
manifest deviation. But herein lies the paradox. Comte fails to recognize 
that the ideas of Oken and his school have a scope very different from the 
observations of microscope technicians: he fails to recognize that what is 
essential to Oken's biology is a certain conception of individuality. Oken 
represents the living being in the image of a communitarian society. Comte, 
for his part, rejects Buffon's conception that the life of an organism is the 
sum of particular lives, just as he rejects the eighteenth-century political 
philosophers' conception of society as an association of individuals. Is he 
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then as far removed from the philosophers of nature as he thinks? We see 
here again the latent and profound unity, for a thinker, of conceptions rela
tive to individuality, whether biological or social. Just as in sociology the 
individual is an abstraction, in biology the "organic monads," as Comte 
calls cells, are abstractions.68 "In what could either the organization or the 
life of a simple monad really consist?" A few years ago, A. Fischer and Albert 
Policard were able to demonstrate, through the technique of tissue cultures, 
that in order to be capable of proliferating, a culture of tissues must contain 
a minimal quantity of cells. Without this, cellular multiplication is impossi
ble. As per Fischer, a fibroblast isolated in a drop of plasma survives but 
does not multiply. To survive without multiplying-is this still to live? Can 
we divide up the properties of a living being and still consider it living? 
These are questions that no biologist can avoid. They are facts that, along 
with many others, have weakened the hold of cell theory today. In what 
respect is Comte guilty of having had a presentiment of these questions, if 
not of having anticipated these facts? Comte has rightly been reproached 
for basing positivist philosophy on the sciences of his time, as if these were 
eternal. And certainly it is important not to ignore the historicity of time. 

But time, like eternity, belongs to no one, and fidelity to history can lead us 
to recognize in it certain returns of theories that translate the human mind's 
oscillation between certain permanent orientations in researching a particu
lar region of existence. 

Therefore, we can never be too prudent when offering summary judg
ments on certain authors (whether to praise or to blame them) whose sys
tematic' minds are ample enough to prevent them from rigidly closing off 
what we have come to call "their system." Unconscious and involuntary 
theoretical complicities may appear. The German botanist Heinrich Anton 
de Bary wrote in 1 860 that it is not cells that form plants, but plants that 

form cells. This phrase becomes even more clearly an aphorism of Roman
tic biology if it is taken together with a remark by Bergson in Creative Evolu

tion: "Very probably it is not the cells that have made the individual by 
means of association; it is rather the individual that has made the cells by 
means of dissociation."69 Bergson's largely justified reputation as a Roman
tic was created by a generation of positivist thinkers, in whose midst he 
stood out. One could even say that the same thinkers were the quickest to 
denounce in Comte even the traces of biological and social Romanticism 
that would lead him from the Cours de philosophie positive to the Synthese 
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subjective by way of the Systeme de politique positive. But how can we explain 
that these Romantic conceptions of biological philosophy could have ani
mated the research of scholars who remained loyal to the scientific and 
materialist doctrine that originated with the Cours de philosophie positive? 

Klein has shown how Charles Robin, the first chair of histology at the 
Paris Faculty of Medicine and Littre's collaborator for the famous Diction

naire de midecine ( 1873), never abandoned his tenacious hostility to cell the

ory.70 Robin conceded that the cell is one of the anatomical elements of the 

organized being, but not that it is the only one; he accepted that the cell 
may derive from a pre-existing cell, but not that it must always do so, for 

he accepted the possibility of the formation of cells in an initial blastema. 

Some of Robin's disciples, like Frederic Tourneux, professor of histology at 

the Faculty of Medicine in Toulouse, continued not to teach cell theory 

until 1922 .7 1  What criterion would we use to differentiate between and 

judge those who piously received from the works of Schwann and Rudolph 
Virchow the fundamental axioms of cell theory, and those who refused 

them? The fate of histological research? But today the obstacles to the om

nivalence of cell theory are almost as considerable as the facts it is asked to 

explain. Or the comparative efficacy of medical techniques originating from 
the different theories? But Tourneux's teaching, which was important for 

the creation of the Faculty of Medicine in Toulouse, certainly did not hinder 
that institution from today having a school of cancerology as brilliant as any 

of those whose teaching of tumor pathology was rigorously inspired by the 

works of Vir chow. From theory to technique the distance is great, and it is 

difficult, especially in medicine, to demonstrate that effects obtained are 

uniquely a function of the theories adduced to justify the therapeutic ges
tures that accompany them. 

We will perhaps be reproached for having until now cited thinkers rather 

than researchers, philosophers rather than scientists, though we have shown 

that the filiation of the latter to the former-of Schwann to Oken, Robin 

to Comte-is incontestable and continuous. Let us, then, examine what 

becomes of the question in the hands of biologists obedient to the teaching 
of facts, if indeed there can be such a teaching at all. 

Let us recall what is meant by cell theory: it includes two fundamental 

principles deemed adequate for the solution of two problems: 
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1 .  One problem is that of the composition of organisms: every living organ
ism is composed of cells, where the cell is held to be the vital element bear
ing all the characteristics of life. This first principle answers to the exigency 
of analytic explanation, which, according to Jean Perrin, leads science to 
"explain the complicated visible in terms of the simple invisible. "72 

2 .  The second problem is that of the genesis of organisms: every cell de
rives from an anterior cell; omnis cellula e cellula, says Virchow. This second 
principle answers to an exigency of genetic explanation; it is no longer a 
question of element but one of cause. 

Virchow was the first to bring together the two parts of this theory.73 He 
recognized that the first dated back to Schwann, and he claimed the second 
for himself, formally condemning Schwann's conception, according to which 
cells could be born in a primal blastema. Starting with Virchow and Albert 
von Kolliker, the study of the cell became a special science, cytology, distinct 
from what, since Carl Heusinger, has been called histology, the science of tis
sues.74 To the two above principles must be added two complements: 

1 .  Living beings that are not composite are unicellular. The aforecited 
works of Dujardin and the works of Ernst Haeckel gave cell theory the 
support of protistology. Haeckel was the first to clearly divide animals into 
protozoa, or unicellular, and metazoa, or multicellular. 

2 .  The egg from which sexed living organisms are born is a cell whose 
development can be explained by division alone. Schwann was the first to 
consider the egg to be a germinating cell. He was followed on this path by 
Kolliker, an embryologist whose works greatly contributed to the influence 
of cell theory. 

We may date the establishment of this influence to the year 1 874, when 
Haeckel began publishing on the gastraea,75 and Bernard, while studying 
physiological phenomena of nutrition and generation common to animals 
and plants, wrote: "In an in-depth analysis of a physiological phenomenon, 
one always arrives at the same point, the same elementary, irreducible 
agent, the organized element, the cell. "76 For Bernard, the cell is the "vital 
atom." But let us note that this same year Robin published Anatomie et 

physiologie cellulaire, in which the cell is not the sole element of complex living 
beings. Even at the moment of its quasi-official proclamation, the influence 
of cell theory is not total. 

Have the conceptions of individuality that inspired the above-discussed 
speculations on the composition of organisms entirely disappeared among 
biologists who can be considered authentic scientists? It does not seem so. 
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Describing the organism as "an aggregate of cells or elementary organ
isms," Bernard, in Le(ons sur les phenomenes de la vie communs aux animaux et 

aux vegetaux (published posthumously in I 878-79 by Dastre) affirms the 
principle of the autonomy of anatomical elements.77 This amounts to sup
posing that cells would behave in isolation as they do in association, pro
vided they are in a milieu identical to the one created in the organism by 

the action of neighboring cells-in short, that cells would live exactly the same 

way in freedom as in society. We should note in passing that, if the milieu of 

the culture of free cells contains the same substances as the internal milieu 

of an organism (the substances that regulate cell life by inhibition or stimu
lation), then it cannot be said that the cell lives "in freedom." In any case, 
Bernard, hoping to make himself better understood by means of a compari
son, asks us to consider the complex living being "like a city with its own 
special seal," where individuals nourish themselves identically and exercise 
the same general faculties-those of man-but where each one participates 
differently in social life through his work and particular aptitudes. 

In I 899, Haeckel wrote: "cells are true autonomous citizens, who, assem
bled by the thousands, constitute our body, the cellular state. "78 An assem

bly of autonomous citizens, a state: these are perhaps more than images and 

metaphors. A political philosophy holds sway over a biological theory. Who 

could tell whether one is a republican because one is a partisan of cell the
ory, or rather a partisan of cell theory because one is a republican? 

Let us concede that Bernard and Haeckel are not free from philosophical 

temptation or sin. In the I 904 Traite d'histologie by A. Prenant, P. Bouin, 

and L. Maillard (which Klein calls, along with Louis-Felix Henneguy's I 896 

Le(ons sur la cellule, the first classic work to have brought cell theory into the 
teaching of histology in France79), the second chapter, on the cell, is written 

by Auguste Prenant. The author's sympathies for cell theory do not blind 

him to those facts that could limit its scope. He writes, with admirable clar

ity, that "the quality of individuality dominates the notion of the cell, and even 
suffices to define it. "80 But he also writes that every experiment which re

veals that cells seemingly closed in on themselves are in reality "open" to 

one another (in the words of Wilhelm His), devalorizes cell theory. Hence 

Prenant's conclusion that: 

Individual unities may by turns be individuals in varying degrees. A living being 

is born as a cell, a cell-individual; then cellular individuality disappears in the 
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individual or person formed out of a plurality of cells, to the detriment of personal 

individuality; this can be effaced in turn, in a society of persons, by a social indi

viduality. What happens when one examines this series that ascends from multi

ples of the cell (the person and the society) is also the case for cellular infra

multiples: the parts of a cell in turn possess a certain degree of individuality, 

absorbed in part by the individuality that is more elevated and more powerful 

than that of the cell. From top to bottom there is individuality. Life is not 

possible without the individuation of what lives.81 

Are we so far from Oken's views here? Is this not once again an occasion 
to say that the problem of individuality is itself not divisible? Perhaps it has 
not been sufficiently noted that the etymology of the word individual ne
gates the concept "individual. "  The individual is a being at the limit of 
nonbeing, since it is what cannot be further fragmented without losing its 
proper characteristics. It is a minimum of being. Yet no being is in itself a 
minimum. In itself, the individual necessarily presupposes its relation to a 
greater being; it calls for, it demands (in the sense Octave Hamelin gave to 
these terms in his theory of the opposition of concepts) a background of 
continuity against which its discontinuity stands out. In this sense, there is 
no reason to stop the power of individuality at the limits of the cell. By 
recognizing, in 1 904, a certain degree of individuality in cell parts, an indi
viduality absorbed by that of the cell, Prenant anticipated recent concep
tions concerning the ultra-microscopic structure and physiology of 
protoplasm. Biologists ask: Are virus-proteins living or nonliving? This 
comes down to asking whether nucleoprotein crystals are individualized. "If 

they are living," says Jean Rostand, "they represent life at the simplest state 
conceivable; if they are not, they represent a state of chemical complexity 
that already announces life."82 But why would one wish to claim that virus

proteins are at once living and simple when their discovery has shattered 
the conception (which went by the name cell) of an element at once simple 
and living? Why would one have it that they are at once living and simple, 

while recognizing that any announcement of life to be found in them is due 
to their complexity? In short, individuality is not a term, if by that we mean 
a limit: it is a term in a relation. One should not use it in the way research 
that aims at grasping it as a being does. 

Finally, is there any less biological philosophy in the aforecited text by 
Auguste Prenant than in certain passages of the 1 868 work Memoire sur 
diverses manifestations de la vie individuelle, by the Count de Gobineau, a work 
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as unknown as it is disconcerting, with its mixture of often fanciful linguis
tics and sometimes penetrating biological views?83 Gobineau knows and ac
cepts cell theory. Counting down the stages of development of the 
organized being, he writes: "After the spermatic entozoa, there is the cell, 
the final term in the state of genesis so far discovered, and the cell is the 
formative principle of the plant kingdom just as of the animal kingdom." 
But Gobineau does not conceive of individuality as a reality always identical 
to itself; rather, he conceives of it as one of the terms in a shifting relation 
that links different realities to different levels of observation. He calls the 
other term in this relation the "milieu" : 

It is not enough that an individual be equipped with the complete ensemble of 

elements that belong to it for it to be able to subsist. Without a special milieu, 

the individual does not exist, and if it did, it could not last one second. It is thus 

absolutely necessary that all that lives live in the milieu appropriate to it. Conse

quently, nothing is of greater importance for the maintenance of beings, that is 

to say, for the perpetuity of their life, than milieus. I have just said that the earth, 

the celestial spheres, the spirit, make up so many envelopes of this kind. But in 

the same way, the human body and the body of all beings are also milieus in 

which the always-complex mechanism of existences functions. And the fact is so 

incontestable that it is only with great difficulty that, by abstracting from a host 

of conditions of life, one manages to detach, to isolate, to consider separately the 

cell, such a close relation of the monad, and to indicate there the first vital form, 

quite rudimentary, to be sure, which yet, at the same time, again displaying a 

duality, must be itself be designated a milieu. 

Gobineau's work could not have had any influence on biologists. The origi
nal French text remained unknown until the last few years. A German ver
sion appeared in 1 868, in the Zeitschrift for Philosophie und philosophische 

Kritik (published in Halle by Immanuel Hermann von Fichte), but it did 
not meet with even the slightest response. Still, it seems interesting to em
phasize, via this comparison, that the problem of individuality, in the guise 
of the problem of the cell, suggests analogous hypotheses to minds as differ
ent from one another as those of a pure histologist and an anthropologist 
more occupied with metaphysical generalizations than with humble and pa
tient observations. 

What is happening today with cell theory? First, let us recall Julius 
Sachs's now already old critiques, substituting for the notion of the cell that 
of the energide, that is to say, a cytoplasmic area representing-without a 
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strict topographical delimitation-a given nucleus's zone of influence; next, 
the research of Rudolf Peter Heinrich in 1 902 on metaplasmas, that is to 
say, intercellular substances such as the base substances of cartilage, bones, 
or tendons, substances having irreversibly lost all relation with nuclear for
mations; and, since 1 9 1 3 ,  the works of Clifford Dobell and his refusal to 
consider as equivalent, from the anatomical and physiological points of 
view, the metazoa cell, the protist, and the egg (for the protist must be 
considered a veritable organism, the size of a cell, and the egg an original 
entity, different from both the cell and the organism), with the result that 
"cell theory must disappear; it has not only ceased to be valuable, it is truly 
dangerous."84 Let us quickly signal the importance increasingly attributed 
to the liquids of the interior milieu and to substances in solution, which are 
not all products of cell secretion but which are all "elements" indispensable 
to the structure and life of the organism. 

Second, we would like to consider, in particular, some works from the 
"interwar" period by three authors as different from one another in spirit 

as they are in their research specialties: Remy Collin's 19 29  article "La 
theorie cellulaire et la vie, "85 Hans Petersen's thoughts on the cell in the 
first chapters of his 1 9 3 5  Histologie und mikroskopische Anatomie,86 and Octave 

Duboscq's 19 39  lecture on the place of cell theory in protistology.87 Starting 
from different or differently argued positions, these presentations converge 
on one analogous solution, which we will let Duboscq formulate: "To take 
the cell to be a unity necessary to the constitution of living beings is to go 
down the wrong path." First of all, it becomes difficult to compare the 
metazoan organism to a republic of cells or to a construction based on the 
addition of individualized cells when one observes the place held in the 
constitution of essential systems such as the muscular system by plasmodial 
or syncytial formations-that is to say, by layers of continuous cytoplasm 
sprinkled with nuclei. In reality, in the human body only the epithelia are 
clearly cellularized. Between a free cell (e.g., a leukocyte) and a syncytium 
(e.g., the cardiac muscle or the superficial layer of the chorionic villus of 
the fetal placenta), we can find all the intermediary forms-notably, giant 
multinucleated cells (polykaryocytes)-without being able to determine 
precisely whether the syncytial layers are born from the fusion of formerly 

independent cells or it is the opposite that occurs. In fact, both mechanisms can 
be observed. Even in the course of an egg's development, it is not certain 
that every cell derives from the division of a pre-existing cell. Emile Rhode 
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was able to demonstrate in 1923  that very often, both in plants and in ani
mals, individualized cells derive from the subdivision of a primary 
plasmodium. 

But the anatomic and ontogenetic aspects do not cover the whole prob
lem. Even authors who, like Hans Petersen, both accept that the develop

ment of the metazoan body constitutes the veritable foundation of cell 
theory and see in the fabrication of chimeras-living beings created by the 
artificially obtained coalescence of cells originating in the eggs of different 
species-an argument in favor of the "additive" composition of complex 
living beings are obliged to admit that the explanation of the functions of these 
organisms contradicts the explanation of their genesis. If the body is really a sum 
of independent cells, how do we explain that it forms a whole that functions 
in a uniform manner? If cells are closed systems, how can the organism live 
and act as a whole? One could attempt to resolve this difficulty by seeking 
the mechanism of totalization in the nervous system or in hormonal secre
tions. But as for the nervous system, one must recognize that the majority 
of its cells are attached in a unilateral rather than a reciprocal fashion. And 
as for hormones, one must admit that a good number of vital phenomena, 
notably those of regeneration, are quite poorly explained by this mode of 
regulation, no matter what cumbersome complications one adds on. This 
brings Petersen to write that: 

One may perhaps say in a general way that it is very difficult to make all the 

processes where the body intervenes as a whole-and there are in pathology, for 

example, few processes where this is not the case-intelligible through the theory 

of the cellular state or the theory of cells as independent organisms . . . .  In the way the 

cellular organism behaves, lives, works, maintains itself against the attacks of its 

surroundings, and re-establishes itself, cells are the organs of a uniform body.88 

The problem of living individuality reappears here, and we see how the 
aspect of totality, initially rebelling against all division, prevails over the 
aspect of atomicity, the presumed final term of a division. Petersen's quote 
of Julius Sachs's 1 887 claim concerning multicellular plants is thus highly 
relevant: "It depends entirely on our way of seeing whether we regard cells 
as independent elementary organisms or only as parts. "89 

In recent years, we have seen the intensification of hesitations and critiques 
concerning cell theory in its classical form, that is to say, in the dogmatic 
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and fixed form given to i t  in manuals, even those used in higher education.9o 

Today, including noncellular elements in the order of substances constitu

tive of the organism and attending to possible modes of cell formation out 

of continuous protoplasmic masses encounters much less opposition than 

when Virchow, in Germany, reproached Schwann for accepting the exis

tence of a primal cytoblastema and when Charles Robin, in France, seemed 

like a grouchy retrograde. In I 94I ,  Tivadar Huzella showed, in his book 
Die Zwischenzellige Organisation (Intercellula1� Organization), that intercellular 

relations and extracellular substances (e.g., the interstitial lymph, or what 
in connective tissue cannot be reduced to cells) are at least as important, 

biologically speaking, as the cells themselves. Thus, the emptiness between 

cells, which is microscopically observable, is far from a histological and 

functional void.91 In I 946, P. Busse Grawitz, in his Experimentelle Grundla

gen zu einer modernen Pathologie (Experimental Foundations for a Modern Pa

thology), thought he could conclude from his observations that cells may 

appear in the midst of fundamentally noncellular substances.92 Cell theory 

obliges us to accept that cells secrete fundamental substances (tendon colla

gen, for example) , even though we cannot establish precisely how this secre

tion takes place. Here, that relation is inverted. Of course, the experimental 

argument in a theory like Grawitz's is of a negative order; it puts its faith in 

the precautions taken to prevent the immigration of cells into the noncellu

lar substance where one sees them progressively appear. In France, Jean 

Nageotte observed that, in rabbit embryo development, the eye's cornea 

first appears as a homogeneous substance that, during the first three days, 

does not contain cells; but because of Virchow's axiom, he thought that the 

later appearance of these cells was the result of migration. However, it had 

never been possible to observe such migrations. 

Finally, it must be mentioned that Virchow's memory and reputation 

have undergone and continue to undergo attacks from Russian biologists

attacks to which publicity ordinarily granted to discoveries inspired by 

Marxist-Leninist dialectics has conferred an importance quite dispropor

tionate to their actual significance measured in terms of the teachings of 

the history of biology (written, it is true, by bourgeois) . Since I 9 3 3 ,  Olga 

Lepeshinskaya has dedicated her research to the phenomenon of the birth 
of cells from noncellular living substances. The I950 republication of her 

I 945 work The Origin of eel Is from Living Substance was the occasion for an 
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examination and approval of its theses by the biology section of the Soviet 
Academy of Sciences and for the publication of numerous journal articles.93 
Virchow's "idealist" conceptions were violently criticized in the name of 
observed facts and in the name of a double authority: that of Russian science 
(the physiologist Ivan Mikhaylovich Sechenov had, since r 860, fought 
against Virchow's ideas) and that of dialectical materialism (in the Anti

Dilhring and in the Dialects of Nature Engels had expressed reservations 
about the omnivalence of cell theory).94 The facts invoked by Lepeshinskaya 
come from observations on the development of the chicken embryo. Ac
cording to her, the yolk of the fertilized egg contains protein grains that are 
visible under a microscope and capable of aggregating into spherules that do 
not have a cellular structure. Later on, these spherules develop into the typi
cal form of the nucleated cell, without any immigration into the yolk mass 
by cells born through embryonic cell division at the yolk's edge. One may 
ask what are the stakes of such a polemic, which, as we have seen, is only 
one of many examples in the history of cell theory. They essentially consist 
in a new and apparently solid argument against the necessary continuity of 
cellular lineages, and consequently against the theory of the continuity and 
independence of the germinal plasma. It is an argument against August 
Weissmann and thus in support of Trofim Lysenko's theses on the heredi
tary transmission of characteristics acquired by the individual organism 
under the influence of the milieu. If we ourselves are not qualified to exam
ine, from a scientific point of view, the solidity of the experiments invoked 
and the techniques used, it is nevertheless incumbent upon us to emphasize 
that here again biological theory stretches unambiguously into a sociologi
cal and political thesis, and that the return to old working hypotheses is 
legitimated, quite paradoxically, by a progressivist language. If the experi
ments of Lepeshinskaya and the theories they support stand up to the well
armed and well-informed criticism of biologists, we would see this less as 
proof of the fact "that there is only one country on Earth that supports true 
science: the Soviet Union"95 than as reason to once again ascertain, in the 
case of cell theory and Virchow's ideas, that, as a famous saying has it, "a 
theory is worthless if one cannot demonstrate it to be false."96 

When Haeckel wrote in r 904 that "since the middle of the nineteenth 
century, cell theory has generally been considered, and rightly so, to be 
one of the biological theories of greatest weight; all work in anatomy and 
histology, physiology and ontogeny must be based on the concept of the 
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cell as on that of the elementary organism,"97 he added that not everything 
in this concept was entirely clear yet, and that not all biologists were con
vinced of it. But what seemed to Haeckel to be the last resistance of petty 
or retrograde minds seems to us today more like a commendable attentive
ness to the narrowness of a theory. Certainly the meaning of cell theory is 
quite clear: it is an extension of the analytic method to the totality of theo
retical problems posed by experiment. But the value of this theory resides 
as much in the obstacles it has raised as in the solutions it has allowed, and 
especially in the renewal it has brought about, in the domain of biology, of 
the old debate concerning the relations between continuity and discontinu
ity. Is the individual a reality? An illusion? An ideal? No single science, even 
biology, can answer this question. And if all the sciences can and must make 
their contribution to such an answer, then it is doubtful that the problem is 
properly scientific in the usual sense of the word.98 

It is not absurd to think that, on the topic of the structure of organisms, 
biology is advancing toward a fusion of representations and principles anal
ogous to the fusion in wave mec!?anics of the two apparently contradictory 
concepts of wave and particle. Cell and plasma are among the latest incarna
tions of the dual intellectual exigencies of discontinuity and continuity, 
which have confronted each other incessantly over the course of the theo
retical elucidation men have pursued for as long as they have been thinking. 
Perhaps it is true that scientific theories, with the fundamental concepts 
they put into their principles of explanation, are grafted onto ancient im
ages, and we would say-if this term were not today devalorized, with some 
reason, as a result of its usage by philosophies obviously constructed in the 
interest of propaganda and mystification-onto myths. Ever since the prob
lem of a structure common to living beings was posed, the continuous pri
mal plasma has, under various names, provided biologists with a principle of 

explanation called for by what they saw as the inadequacies of a corpuscular 
explanation. Ultimately, is this primal plasma anything other than the logi
cal avatar of the mythological fluid, the generator of all life, the foaming 
wave from which Venus emerged? Charles Naudin, the French biologist 
who almost beat Mendel to the discovery of the mathematical laws of hered

ity, used to say that the primal blastema was the clay of the Bible.99 This is 
why we have proposed that theories are not born from the facts they co
ordinate, which are supposed to have given rise to them. Or, more exactly: 
facts give rise to theories, but they engender neither the concepts that unite 
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them internally nor the intellectual intentions they develop. These inten
tions come from far away, and these concepts are few in number; this is 
why theoretical themes survive the apparent destruction that polemics and 
refutations pride themselves in having wrought. 1 00 

Now, it would be absurd to conclude from this that there is no difference 
between science and mythology, between measurement and reverie. But 
inversely, to want radically to devalorize old intuitions on the pretext of 
their theoretical obsolescence renders one-imperceptibly but inevitably
unable to grasp how such a stupid humanity could one fine day have woken 
up intelligent. We cannot chase away miracles as easily as might be thought, 
and in trying to suppress them in the order of things, we sometimes reinte
grate them into thought-where they are no less shocking and useless. One 
would thus do poorly to conclude from our study that we find more theoret
ical value in the myth of Venus or in the narrative of Genesis than in cell 
theory. We have simply wanted to show that the obstacles and limits of this 
theory did not escape many scientists and philosophers at the time of its 
birth, even some of those who most profoundly contributed to its elabora
tion. Therefore, the current need for a suppler and more comprehensive 
theory will only surprise those incapable of seeking in the history of science 
a sense of theoretical possibilities different from what the teaching of the 
latest scientific results has made familiar-a sense without which there can 
be neither scientific critique nor a future for science. 



P A R T T H R E E  

Philosophy 
Biological knowledge is continued creative activity, by which the idea of 

the organism comes increasingly within reach of our experience. It is a sort 

of ideation equivalent to Goethe's Schau, a procedure that springs 

continuously from empirical facts and never fails to be grounded in and 

substantiated by them. 

-K U R T G 0 L D S  T E I N, The Organism 





T H REE 

Aspects of Vitalism 

It is quite difficult for the philosopher to try his hand at biological philoso
phy without running the risk of compromising the biologists he uses or 
cites. A biology utilized by a philosopher-is this not already a philosophical 
biology, and therefore a fanciful one? Yet would it nevertheless be possible, 
without rendering biology suspect, to ask of it an occasion, if not permis
sion, to rethink or rectify fundamental philosophical concepts, such as that 
of life? Can one reproach the philosopher who has taken up the study of 
biology for choosing, among the teachings he has received, the one that has 
best enlarged and organized his thought? 

For this task, we should not expect much from a biology fascinated by 
the prestige of the physico-chemical sciences, a biology reduced or reducing 
itself to the role of a satellite of these sciences. A reduced biology has as its 
corollary the effacement of the biological object as such-in other words, 
the devaluation of its specificity. Now, a biology autonomous with regard 
to both its subject and its manner of apprehending this subject-which is 
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not to say a biology that ignores or disdains the sciences of matter-always 
risks, to a certain degree, the qualification if not the accusation of vitalism. 
This term has served as the label for so many extravagances that, at a mo
ment when the practice of science has imposed a style of research and, so 
to speak, a code and a deontology of scientific life, vitalism carries a pejora
tive value even for those biologists least inclined to align their object with 
that of physicists and chemists. There are few biologists who, classified as 
vitalists by their critics, willingly accept this label. In France, at least, it is 
not exactly a compliment to invoke the names and fame of Paracelsus or Jan 
Baptist van Helmont. 

It is nonetheless a fact that, in general and as a consequence of the signi
fication it acquired in the eighteenth century, the term vitalisnz is appro
priate for any biology careful to maintain its independence from the 
annexationist ambitions of the sciences of matter. It is here as important to 
consider the history of biology as it is to consider the current state of its 
findings and problems. A philosophy that asks science for clarifications of 
concepts cannot remain uninterested in the construction of this very sci
ence. In tllis way, a certain orientation of biological thought, whatever the 
limited historical resonance of the name given to it, will be seen to have a 
significance greater than just that of a stage in biology's development. 

At stake is not a defense of vitalism from a scientific point of view; such 
a debate is of real concern only to biologists. Our concern is with under
standing vitalism from a philosophical point of view. It may be that vitalism 
appears to today's biologists, as to yesterday's, to be an illusion of thought. 
But far from forbidding or foreclosing philosophical reflection, this denun
ciation of its illusory character calls for such reflection, for even today the 
necessity of refuting vitalism signifies one of two things. Either it is an im
plicit confession that the illusion in question is not of the same order as 
geocentrism or phlogiston theory-that is, it has a vitality of its own-in 
which case, one must philosophically account for the vitality of this illusion. 
Or it is a confession that the illusion's tenacity has obliged its critics to 
reforge their arguments and weapons-that is, to recognize in the corre
sponding theoretical or experimental gain a benefit whose importance can
not be without relation to the occasion from which it proceeds, since it 
always turns toward and against that occasion. It is thus that a Marxist biolo
gist says of Bergsonism, classifying it as a philosophical species of the genus 
vitalism, that: 
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From Bergsonian finalism there follows a dialectic of life which in its overall 

aspect has some analogy to Marxist dialectics, in the sense that both create new 

facts and beings . . . .  In biology, of interest would be Bergsonism's critique of 

mechanism-had it not been carried out, much earlier, by Marx and Engels. As 

for Bergsonism's constructive argument, it is worthless; Bergsonism is, in hollow 

form, the mould of dialectical materialism.! 

Thus, the first aspect of vitalism that philosophical reflection is led to exam
ine is, for us, the vitality of vitalism. 

A series of names attests to this vitality, from Hippocrates and Aristotle 
to Hans Driesch, Constantin von Monakow, and Kurt Goldstein, by way of 
Jan Baptist van Helmont, Paul-Joseph Barthez, Johann Friedrich Blumen
bach, Xavier Bichat, Jean Baptiste Lamarck, Johannes Muller, and Karl 
Ernst von Baer, without excluding Claude Bernard. 

One may notice that biological theory reveals itself to be a thinking that 

throughout its history has been divided and oscillating. Mechanism and Vi
talism confront one another on the problem of structures and functions; 

Discontinuity and Continuity on the problem of the succession of forms; 
Preformation and Epigenesis on the problem of the development of a being; 

Atomicity and Totality on the problem of individuality. 
This permanent oscillation, this pendular return to positions that 

thought seemed to have definitively left behind, can be interpreted in differ

ent ways. In a sense, one can ask if there is really any theoretical progress 

aside from the discovery of new experimental facts-whose certitude as re

ality does not at all compensate for the incertitude of their signification. In 
another sense, one can consider this apparent theoretical oscillation to be 

the expression of an undiscovered dialectic and understand the return to the 
same position as occurring by the optical error thanks to which we always 

perceive different points on a line as one and the same when projected on a 

perpendicular plane. And, transposing the dialectical process of thought 

onto the real, one can maintain that it is life, the object of study itself, 

that is the dialectical essence, whose structure thought must espouse. The 
oppositions of Mechanism and Vitalism, Preformation and Epigenesis are 

thus transcended by life itself as it extends into a theory of life. 
To understand the vitality of vitalism is to engage in the search for the 

meaning of the relationship between life and science in general, life and the 
science of life more specifically. 
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As defined by Paul-Joseph Barthez, a physician of the Montpellier School 
in the eighteenth century, vitalism explicitly claims to belong to the Hippo
cratic tradition; this filiation is undoubtedly more important than the Aris
totelian filiation, for if vitalism often borrows terms from Aristotelianism, 
it always holds on to the spirit of Hippocratism: 

I call the vital principle of man the cause that produces all the phenomena of life 

in the human body. The name for this cause is rather unimportant and can be 

chosen at will. If I prefer the name vital principle, that is because it presents an 

idea less limited than the name impetzmz faciens (to enormiJn) that Hippocrates 

gave it, or other names by which one has designated the cause of the functions 

of life.2 

It is not without interest to consider vitalism to be the biology of physi

cians skeptical of the constraining power of remedies. In pathology, the 
Hippocratic theory of the natura medicatrix accords greater importance to 
the organism's reaction and defense than to the morbid cause. The art of 
prognosis prevails over that of diagnosis, on which it depends. It is as impor
tant to predict the course of a disease as it is to determine its cause. Thera
peutics consists as much in prudence as in audacity, for the first among 
doctors is nature. Thus, vitalism and naturalism are indissociable. Medical 
vitalism is the expression of a distrust, shall we say an instinctive one, of the 
power of technique over life.  There is an analogy here with the Aristotelian 
opposition between natural and violent movement. Vitalism is the expres
sion of the confidence the living being has in life, of the self-identity of life 
within the living human being conscious of living. 

We can thus suggest that vitalism translates a permanent exigency of life 
in the living, the self-identity of life immanent to the living. This explains 
one of the characteristics that mechanist biologists and rationalist philoso
phers criticize in vitalism: its nebulousness, its vagueness. If vitalism is above 
all an exigency, it is normal that it would have some trouble formulating 
itself in terms of determinations. This will emerge more clearly in a com
parison with mechanism. 

If vitalism translates a permanent exigency of life within the living, mech
anism translates a permanent attitude of the living human toward life. Man 
is here a living being separated from life by science and attempting to rejoin 
life through science. If vitalism, being an exigency, is vague and unformu
lated, mechanism, being a method, is strict and imperious. 
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Mechanism, as is well known, comes from mechane, whose meaning, "en

gine," contains two senses: that of ruse and stratagem, on the one hand, and 
that of machine, on the other. 3  One could ask whether the two meanings 
do not amount to just one. Is not man's invention and utilization of ma
chines, and technical activity in general, what Hegel called the ruse of rea
son?4 The ruse of reason consists in reason's accomplishing its ends through 
the intermediary of objects acting upon one another in conformity with 
their nature. Essentially, a machine is a mediation or, as mechanists say, a 
relay. A mechanism does not create anything-and therein lies its merit (in
ars)-but it can be constructed only through art, and it is a ruse. Thus 
mechanism, as a scientific method and as a philosophy, is the implicit postu
late of all usage of machines. Human ruse can only succeed if nature does 
not have the same ruse. Art can only make nature submit to it if nature is 
not itself an art. The wooden horse cannot be brought into Troy unless one 
is named Ulysses and is faced with enemies who are forces of nature rather 
than astute engineers. To the Cartesian theory of the animal-machine, one 

has always opposed the ruses used by animals to evade traps.s Leibniz, 
adopting in the foreword to his New Essays on Human Understanding the 
Cartesian thesis that animals are capable only of empirical consecutions 

(today we would say conditioned reflexes), gives as proof of it the facility 
with which man entraps animals.6 Reciprocally, the hypothesis of the de
ceiver God or evil genius formulated by Descartes in the Meditations ends 
up turning man into an animal surrounded by traps. It is impossible for man 
to attribute to God the very ruse that man uses to deal with animals without 
in the process nullifying man as a living being, reducing him to inertia.7 But 
is one not then justified in concluding that the theory of the living machine 
is a human ruse that, if taken literally, would nullify the living? If the animal 
is nothing more than a machine, and the same holds for the whole of nature, 
why is so much human effort expended in order to reduce them to that? 

That vitalism may be an exigency rather than a method and a morality 

rather than a theory was perceived by Emanuel Ridl, who spoke, it seems, 
with full knowledge of the facts. 8  

Man, he says, can consider nature in two ways. Either he feels himself a 
child of nature and experiences a sentiment of belonging and subordination 
to it; he sees himself in nature and nature in himself. Or else, he holds himself 

in front of nature as before a foreign, indefinable object. A scientist who 
experiences a filial sentiment, a sentiment of sympathy toward nature, does 
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not consider natural phenomena to be strange and foreign-he finds life, 
soul, and meaning in them, completely naturally. Such a man is fundamen
tally a vitalist. Plato, Aristotle, Galen, all the men of the Middle Ages, and 
a large number of the men of the Renaissance were, in this sense, vitalists. 
They considered the universe to be an organism, that is to say, a harmoni
ous system regulated according to both laws and ends. They conceived of 
themselves as an organized part of the universe, a sort of cell in the uni
verse-organism, and all cells were unified by an internal sympathy such that 
the destiny of the organ-part seemed naturally to have to do with the move
ments of the heavens. 

If this interpretation (in which the psychoanalysis of knowledge un
doubtedly finds material) merits being retained, this is because it coincides 
with Walther Riese's commentaries on Constantin von Monakow's biologi
cal theories: "In von Monakow's neurobiology, man is a child of nature who 
never abandons his mother's bosom."9 It is certain that, for vitalists, the 
fundamental biological phenomenon-with the images it evokes and the 
problems it raises resonating, to a degree, with the meaning of other biolog
ical phenomena-is the phenomenon of generation. A vitalist, we would 
suggest, is a man who is led to meditate on the problems of life more by the 
contemplation of an egg than by the handling of a winch or an iron bellows. 

This vitalist confidence in the spontaneity of life, this reluctance (and 
even, for some, horror) to consider life as springing forth from a nature 
broken down into mechanisms-a nature paradoxically reduced to nothing 
more than a collection of engines analogous to those created by human will 
in order to struggle against nature as against an obstacle-is embodied by a 
man like Jan Baptist van Helmont. Van Helmont is one of the three vitalist 
doctors whom the history of philosophy cannot ignore: Thomas Willis, be
cause of Berkeley (Siris); van Helmont, because of Leibniz (Monadology); 

Johann Friedrich Blumenbach, because of Kant (Critique of Judgment). 

Ridl presents van Helmont as a mystic, rebelling in Louvain against the 
science and pedagogy of the Jesuits (whose pupils included Descartes), re
turning deliberately to Aristotle and Hippocrates, and bypassing Descartes, 
Harvey, Bacon, and Galileo, whom he scorns or ignores. Van Helmont be
lieves in the power of the world, in astrology, in witches, in the devil. He 
takes experimental science and mechanism to be the work of both the Jesuits 
and the devil. He refuses mechanism because it is a hypothesis-that is to 
say, a ruse of intelligence with respect to the real. The Truth, according to 
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him, is reality; it exists. And thought is nothing but a reflection. The Truth 
pierces man like lightning. Where knowledge is concerned, van Helmont is 
an integral realist. 

Van Helmont is far from accepting the unity of natural forces, as Des
cartes did. Every being has its force, a specific force. Nature is an infinity of 
hierarchized forces and forms. This hierarchy includes seeds, ferments, the 
Archei, and the Ideas. The living body is organized by a hierarchy of Archei. 
This term (archeus), taken from Paracelsus, designates a directing and or
ganizing force, which resembles the leader of an army more than a worker. 
This is a return to the Aristotelian idea of the body submitting to the soul 
like a soldier to a leader, like a slave to a master. ! D  Let us note once again, 
in this regard, that the hostility of vitalism to mechanism is aimed as much 
and perhaps more against its technological form as its theoretical form. 

Because no authentic vitality is sterile, the second aspect of vitalism that 
interests us is its fecundity. 

Among its critics, vitalism generally has the reputation of being chimeri
cal. And this term is, in the case in point, all the harsher now that biologists 
know how to fabricate chimeras by joining cells obtained by the division of 
eggs from different species. Hans Spemann fabricated the first animal chi
meras by transplanting tissues from young triton embryos of different spe
cies onto each other. This fabrication of chimeras has been a precise 
argument against vitalism. Since it is possible to form a living being of 
equivocal species, what is the vital principle or the entelechy that rules and 
guides the cooperation between the two species of cells? Do questions of 
precedence or jurisdiction arise between the two specific entelechies? It is 
incontestable that Hans Spemann's experiments and his theory of the "or
ganizer" have led to the interpretation of germinal localizations in a way at 
first apparently favorable to the mechanist viewpoint. ! !  The dynamic of the 
development of the embryo is controlled by a localized zone-for example, 
the immediate environment of the primitive mouth in the case of the newt. 
Now, to start with, the organizer can stimulate and direct the development 
of an embryo of a different species onto which it has been grafted; more
over, for it to do so, it is not necessary that it be alive. The destruction of 
the organizer by heat does not nullify its power of organization-and, in 
the end, it is possible to compare the organizer's action to the actions of 
chemical substances of the sterol family prepared in vitro (the work of John 
Turberville Needham). Yet one fact nevertheless remains-and here the 
momentarily triumphant mechanist interpretation is faced with a new 
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obstacle: though the action of the organizer is not specific, its effect is. A 
frog organizer, grafted onto a triton, induces the formation of the nervous 
axis of a triton. Different causes obtain the same effect; different effects 
depend on the same cause. The organizer, reduced to a chemical structure, 
may well be considered a cause, if one wishes, but a cause without necessary 
causality. The causality belongs to the system constituted by the organizer 
plus the tissue onto which it is implanted. The causality is that of a whole 
on itself, not of one part on another. Thus we have here a specific case in 

which the chimerical interpretation is reborn out of its ashes. 
It is nonetheless only too true that the theoretical notions elicited by the 

vitalist exigency, in the face of obstacles encountered by mechanist theoreti
cal notions, are verbal notions. To speak of the vital principle, like Barthez; 
of the vital force, like Bichat; of entelechy, like Driesch; or of the horme, like 
von Monakow, is to beg the question. 12 On this point even the philosophers 
most sympathetic to the spirit of vitalism agree-we need only cite Antoine
Augustin Cournot (Materialisme, vitalisme, rationalisme), Claude Bernard 
(Lefons sur les phenomenes de la vie communs aux animazlX et aux vegetaux), and 
Raymond Ruyer (Elements de psychobiologie). 

Vitalism's fecundity appears at first glance to be all the more contestable 
in that-as it naIvely shows by so often borrowing from Greek the names 
for the rather obscure entities it considers itself obliged to invoke-it always 

presents itself as a return to antiquity. The vitalism of the Renaissance is a 
return to Plato against an overly rationalized Aristotle. The vitalism of Jan 
Baptist van Helmont, Georg Ernst Stahl, and Paul-Joseph Barthez is, as has 
been said, a return, beyond Descartes, to the Aristotle of De anima. The 

facts in Hans Driesch's case are common knowledge. But what is the mean
ing of this return to antiquity? Is it a revalorization of concepts that are 
chronologically older and consequently more worn out, or a nostalgia for 
intuitions ontologically more original and closer to their object? Archaeol
ogy is just as much a return to sources as it is a love of the old. We come 

closer to grasping the biological and human sense of tools and machines, 
for example, when we have before us a flint stone or an adze instead of an 
electrical time switch or a camera. And, moreover, when it comes to theo
ries one must be certain of their origins and the direction of their develop
ment in order to interpret a return as a step backward and an abandonment 
as a reaction or as treason. Was Aristotle's vitalism not already a reaction 
against Democritus's mechanism, as Plato's finalism in the Phaedo was a 
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reaction against Anaxagoras's mechanism? It is certain, in any case, that the 
vitalist's eye seeks a certain naIve vision of things, a pretechnological and 
prelogical vision, a vision of life anterior to tools and language, that is, to 
instruments created by man to extend and consolidate life. It is in this sense 
that Theophile de Bordeu ( 1 7 2 2-76), the first great theoretician of the 
Montpellier School, called van Helmont "one of those enthusiasts needed 
in each century in order to keep the scholastics breathless." 1 3  

It  i s  up to the facts and up to history to judge the fecundity of vitalism. 
One must be careful not to credit vitalism with achievements made by inves
tigators associated with vitalism after the discovery of these facts and not 
before-facts from which their vitalist conceptions followed but to which 
they did not lead. Hans Driesch was led to vitalism and to the doctrine 
of entelechy, for example, by his discoveries of the totipotence of the first 
blastomeres of the sea-urchin egg fertilized during the process of division. 
Yet he had initially conducted this research (1 89 1-95) with the intention of 
confirming the work of Wilhelm Roux on the frog egg and the doctrine of 
Entwicklungsmechanik (" developmental mechanics"). I4 

That said, a history of biology systematic enough not to privilege any 
bias or point of view would perhaps teach us that the fecundity of vitalism 
as such is far from null-and in particular that this fecundity is a function 
of historical and national circumstances, whose significance is somewhat 
difficult to estimate and fits poorly either the rigid theoretical frameworks 
of race, milieu, and historical moment or the more flexible theories of his
torical materialism. I S 

The adherence of Caspar Friedrich Wolff ( 1 7 3 3-94) to vitalist concep
tions did not prevent him from truly founding modern embryology, thanks 
to his capable and precise microscope observations, introducing history and 
dynamics into the explanation of the successive moments in the egg's devel
opment. It was another vitalist, Karl Ernst von Baer, who, after discovering 
mammal eggs in 1 82 7, in 1 8 2 8  formulated his germ-layer theory-the re

sult of remarkable observations on the production of the first embryonic 
formations. At that time, to be a vitalist was not necessarily to slow down 
the progress of scientific research. 

The history of the development of cell theory includes among its precur
sors and founders as many vitalists as mechanists . I 6  Were vitalists in Ger
many (Lorenz Oken and Johannes Muller), mechanists in France (Charles 
Brisseau-Mirbel, Henri Dutrochet)? The facts are much more complex. To 
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take just one example, Theodor Schwann, who is rightly considered to have 

established the general laws of cell formation ( r 8 38), could also be seen as 

having been sympathetic to certain antimechanist conceptions because of 

his belief in the existence of a formative blastomere in which cells appear 

secondarily; if a formative blastomere exists, then the living being is not 

simply a mosaic or coalition of cells. Inversely, Rudolf Virchow, dogmatic 

defender of the explicative omnivalence of the concept of the cell, hostile 
to the theory of the formative blastomere, author of the aphorism Omnis 

cellula e cellula ("each stell stems from another cell"), generally passes for a 

stalwart mechanist. But in the opinion of John Scott Haldane, the opposite 

is trueY Schwann, an orthodox Catholic, professor at the Catholic Univer
sity of Louvain, was a strict mechanist: he believed that cells appear in the 

primal substance by precipitation; the affirmation that each cell originates 
in a preexisting cell seems in comparison like a declaration of vitalism. 

There is another domain, although this is generally little known, in 

which vitalist biologists can claim discoveries as authentic as unexpected: 

neurology. Reflex theory-we do not speak here of the experimental or 

clinical description of automatic movements-probably owes its formation 

more to vitalists than to mechanists, from the seventeenth century (Thomas 

Willis) to the beginning of the nineteenth century (Eduard Friedrich Wil

helm Pfluger). Georg Prochaska-to cite him alone-is part of this tradi

tion of biologists who were led to the notion of reflex by their vitalist 

theories of the sensorium commune and the medullary soul. The later mecha

nization of reflex theory cannot belie its origins. I S  

Yet history would also show that, even though the vitalist biologist in his 

youth may have participated in the advancement of science through con

firmed experimental work, in later years he often ends up engaging in philo

sophical speculation and supplementing pure biology with philosophical 

biology. All in all, he is free to do as he likes-but one is justified in re

proaching him for seeking to profit from his capacity as biologist on philo

sophical terrain. The vitalist biologist who turns philosopher of biology 

thinks he brings a certain capital with him to philosophy, but in reality he 
brings to it only a land-income [rentes] , which continually decreases in the 

market of scientific values-for the simple reason that research, in which he 

no longer participates, continues to move forward. Such is the case with 

Driesch's abandonment of scientific research for philosophical speculation 
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and even teachlng. What we have here is an unpremeditated abuse of con
fidence. The prestige of scientific work stems above all from its internal 
dynamism. The former scientist sees himself deprived of tills prestige in the 
eyes of active scientists. He believes he will preserve it among the philoso
phers. This must not be so. Philosophy, being an autonomous enterprise of 
reflection, does not honor any prestige at all, not even that of the scientist, 
or-even more rightly-that of the ex-scientist. 

Is it possible to acknowledge these facts without looking for their cause 
in the vitalist exigency? Doesn't the vitalist confidence in life translate into 
a tendency toward negligence, laziness, lack of ardor for biological re
search? Isn't there among the postulates of vitalism an internal reason for 
its intellectual sterility, as its adversaries suspect and vigorously affirm? 

Is vitalism nothing more than the transposition of the limits of mecha
nism and the physico-chemical explication of life into dogmatic interdicts? 
To use Bachelard's expression, are we in the presence of a false conception 
of the notion of epistemological frontier? 19 Is vitalism anything other than 
a refusal to grant mechanism the time it needs to complete its project? Jean 

Rostand links it to precisely tills refusal: "At present, mechanism has an 
extremely solid position, and one hardly sees how one can respond to it 
when, strong in its daily successes, it asks only for time to complete its work, 
to completely explain life without life."20 

As Bachelard remarks: "Any absolute frontier proposed to science is the 
mark of a badly stated problem . . . .  It is to be feared that scientific thought 
does not retain traces of phllosophlcal limitations . . . .  Oppressive frontiers 
are illusory frontiers ."2 1  These considerations-quite accurate in them
selves and perfectly adapted to our problem-are in fact valid for vitalism 
insofar as we can equate it with a doctrine that seeks to explain a division 
witilln experience, as with a biologist like Bichat. For Bichat, the acts of 
life oppose their instability and irregularity to the invariability of physical 
laws-like a "reef on whlch all the calculations of physicist-doctors of the 
previous century have been stranded." He adds: 

Physics and chemistry are conjoined because the same laws preside over their 

phenomena. But an immense interval separates them from the science of orga

nized bodies, because an enormous difference exists between their laws and those 

of life. To say that physiology is the physics of animals is to give an extremely 

inexact idea of it; I would as much like to say that astronomy is the physiology of 

the stars.22 
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In short, the classical vitalist accepts the insertion of the living organism 
into a physical milieu to whose laws it constitutes an exception. Therein 
lies, in our opinion, the philosophically inexcusable fault. There cannot be 
an empire within an empire without there being no longer any empire, 
neither as container nor as contents. There can be only one philosophy of 
empire, that which refuses any division: imperialism. The imperialism of 
physicists or chemists is thus perfectly logical, pushing to its limit the expan
sion of logic or the logic of expansion. One cannot defend the originality of 
the biological phenomenon, and consequently the originality of biology, by 
demarcating within the physico-chemical territory-that is, within the mi
lieu of inertia, of externally determined movements-enclaves of indetermi
nation, zones of dissidence, or foyers of heresy. If one is to assert the 
originality of the biological, this must be in terms of the originality of one 
realm over the whole of experience, and not over islets of experience. In the 
end, classical vitalism sins, paradoxically, only in its excessive modesty, in 
its reluctance to universalize its conception of experience. 

Once one recognizes the originality of life, one must "comprehend" mat
ter within life, and the science of matter-which is science itself-within 
the activity of the . living. Physics and chemistry, in seeking to reduce the 
specificity of the living, did no more than remain faithful to their underlying 
intention, which is to determine the laws between objects, valid without any 
reference to an absolute, central point of reference. Today, this determina
tion has led them to recognize the immanence of measuring to the mea
sured, and to see the content of observation protocols as relative to the very 
act of observation. The milieu in which one looks for the emergence of life 
only acquires its meaning as milieu in virtue of the operation of the human 
living being who takes measurements of it, measurements that bear an es
sential relation to the technical apparatuses and procedures by which they 
are made. After three centuries of experimental and mathematical physics, 
milieu, which in physics first signified environment, has come to signify cen

ter-in both physics and biology.2 3  It has come to signify what it signified 
at its very origin. Physics is a science of fields, of milieus. But it has been 
discovered that, in order for there to be an environment, there must be a 
center. It is the position of a living being, its relation to the experience it 
lives in as a totality, that gives the milieu meaning as conditions of existence. 
Only a living being, infra-human, can coordinate a milieu. To explain the 
center by the environment would thus seem to be a paradox. 
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This interpretation does not take anything away from a physics as deter
minist as it wants to be and can be-it does not take away from physics any 
of its objects. But it includes the physical interpretation within another, 

which is vaster and more comprehensive, since the meaning of physics is 
justified within it and the activity of the physicist fully secured. 

Still, from an authentically biological point of view, a general theory of 
the milieu of man as technician and scientist [l'homme technicien et savant]

one like Jakob von Uexkiill's theory for the animal and Kurt Goldstein's for 
the sick-remains to be elaborated.24 

Thus understood, a biological point of view on the totality of experience 
appears perfectly honest, both as regards man the scientist [l'homme sa

vant]-specifically, the physician-and as regards living man [l'homme vi

vant] . This very character of honesty is contested by the mechanist and 

materialist adversaries of a biology that is jealous of its methodical and doc
trinal autonomy. This, then, is the third aspect of vitalism that we propose 
to examine. 

Vitalism is held by its critics to be scientifically retrograde-and we have 

shown how, for us, this regress should be understood. It is also held to be 

politically reactionary or counter-revolutionary. 

Classical vitalism (that of the seventeenth and eighteenth centuries) ex
poses itself to this accusation by maintaining a relation to animism (Georg 

Ernst Stahl), which is the theory according to which the life of the animal 

body depends on the existence and activity of a soul endowed with all the 

attributes of intelligence-"This vital, active, and vivifying principle of 

man, endowed with the faculty of reasoning, I mean, the reasoning soul 
such as it is"25-and acting on the body as one substance on another, from 

which it is ontologically distinct. Here, life is to the living body what the 

Cartesian soul is to the human body, which it does not animate but whose 

movements it governs voluntarily; the Cartesian soul would not cease to be 
all that it is if a body were not alive. Vitalism contaminated with animism 
thus encounters the same criticisms, at once philosophical and political, as 

dualist spiritualism. The reasons for seeing spiritualism as a reactionary phi

losophy become reasons for holding vitalist biology to be a reactionary 
biology. 
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Today, above all, the utilization of vitalist biology by Nazi ideology, the 

mystification that consisted in using theories of Ganzheit ("wholeness") to 

advocate against individualist, atomist, and mechanist liberalism and in 

favor of totalitarian forces and social forms, and the rather easy conversion 

ofvitalist biologists to Nazism have served to confirm the accusation formu

lated by positivist philosophers like Philipp Frank, as well as by the 

Marxists.26 

Driesch's thought represents a typical case of the transplantation of the 

biological concept of organic totality onto political terrain. After I 9 3 3 ,  the 
entelechy came to be seen as the Fuhrer of the organism.27 What was re

sponsible for the pseudo-scientific justification of the Fuhrerprinzip

vitalism or Driesch's character? And was it Darwinism or Paul Bourget's 

character-in his response to Charles Maurras's Enquete sur la Monarchie 

(Investigations on Monarchy)-that was responsible for the exploitation of the 

concept of natural selection in the political arena?28 Is this a matter of biol

ogy or of parasitism of biology? Could we not think, rather, that politics 

simply borrows from biology what it has already lent to it? Aristotle's notion 

of a soul that is to the body what the political or domestic leader is to the 

city or the family, and van Helmont's notion of the archeus as an army gen

eral are prefigurations of Driesch's theories. In Aristotle, the structure and 

functions of the organism are expounded by analogies with a tool intelli

gently manipulated and with a human society unified by command.29 In the 

exploitation of antimechanist biological concepts by Nazi sociologists, what 

is at stake is the problem of the relation between organism and society. No 
biologist can, qua biologist, give this question a response whose authority 

would be guaranteed by biological facts alone. It is as absurd to seek in 

biology a justification for a politics and economics of exploitation of man 

by man as it would be to deny the truth of functional hierarchies in the 

living organism and the integration of functions of relation at ascending 

levels (Sherrington) simply because one is a partisan, for reasons of social 

justice, of a classless society. 

Moreover, vitalist biology was not all the Nazis annexed and oriented 

toward their self-serving conclusions. They took genetics-to justify racist 

eugenics, techniques of sterilization and artificial insemination-just as they 

did Darwinism, to justify their imperialism and their politics of Lebensraum. 

One can no more honestly reproach a biology concerned with its autonomy 
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for having been utilized by Nazism than one can reproach arithmetic and 
the calculation of compound interests for having been utilized by capitalist 

bankers or actuaries. The self-interested conversion of certain biologists to 

Nazism proves nothing against the quality of either the experimental facts 

themselves or the suppositions accepted to account for these facts

suppositions to which these biologists, prior to their conversion, had be

lieved they owed their scientific support. One is not obliged to locate within 

biology, as a logically inevitable consequence, the attitude that certain biol

ogists adopted out of a lack of character and philosophical resoluteness. 

If we look for vitalism's meaning in its origins, and for its purity at its 

sources, we will not be tempted to reproach Hippocrates or the Renaissance 

humanists for the dishonesty of their vitalism. 

It must nevertheless be acknowledged that it is neither without interest 

nor entirely false to think of the offensive-or defensive-returns of vital

ism as tied to bourgeois society's crises of confidence in the efficacy of capi

talist institutions. Still, this interpretation of the phenomenon may appear 

too weak, in the epistemological sense, rather than too strong. It may appear 

too weak inasmuch as it presents a phenomenon of biological crisis within 

the human species-a phenomenon that is a matter of a technological phi

losophy and not only a political philosophy-as a phenomenon of political 
and social crisis. The rebirths of vitalism translate, perhaps in discontinuous 

fashion, life's permanent distrust of the mechanization of life. In them we 

find life seeking to put mechanism back into its place within life. 

Ultimately, the dialectical interpretation of biological phenomena de

fended by Marxist philosophers is justified, but it is justified by what within 

life rebels against its mechanization.3o If dialectics in biology is justifiable, it 

is because what gave rise to vitalism-in the form of an exigency rather 
than a doctrine-and explains its vitality is found in life :  this is life's proper 

spontaneity, what Claude Bernard expressed by saying that life is creation. 3 1  

I t  is, nevertheless, easier to denounce mechanism and scientism in biol
ogy in words than it is to give up in fact their postulates and the attitudes 

they compel. If Marxist biologists are attentive to the invention and irreduc

ibility life displays, they should praise vitalism for its objectivity toward cer

tain characteristics of life. As an English biologist, John Burdon Sanderson 
Haldane, the son of John Scott Haldane, writes in his book The Marxist 

Philosophy and the Sciences,32 a theory such as Samuel Butler's, which posits, 
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within a Lamarckian point of view, consciousness as the principle of life,33 
contains a priori nothing that dialectical materialism could not eventually 
accommodate. But we have read nothing of the sort here in France.34 

On the other hand, Jean Wahl, in his Tableau de la philosophie franfaise,35 

has fortunately brought to light the considerable role of vitalism in the work 
of those eighteenth-century philosophers ordinarily thought of as material
ists. Diderot is here shown to us as a philosopher with a sense of the unity 
of life, situated "on the path that leads from Leibniz to Bergson"; his doc
trine is characterized as a "vitalist materialism," and as a "return to the 
Renaissance. "36 

In the end, to do justice to vitalism is simply to give life back to it. 



FOUR 

Machine and Organism 

The mechanical theory of the organism, after having long been accepted as 
dogma in biology, is today considered by biologists adhering to dialectical 
materialism to be a narrow and insufficient point of view. Dealing with this 
theory from a philosophical point of view could therefore seem to confirm 
the widespread notion that philosophy does not have its own domain, that 
it is but speculation's poor relation, obliged to dress in clothes worn out 
and abandoned by scientists. We would like to try to show that the subject 
is much more vast and complex, and that it is philosophically more impor
tant than its reduction to a matter of doctrine and method in biology 
presupposes. 

We might even say that the science that would appropriate this problem 
is itself still a problem, for, though there are good works on technology, the 
very notion and methods of an "organology" remain vague. Thus, paradoxi
cally, far from coming in belatedly to occupy an abandoned viewpoint, phi
losophy points science toward a position to take. Indeed, the problem of the 

75 



76 Pbilosopby 

relations between machine and organism has generally been studied only in 
one direction: almost always, the attempt has been to explain the structure 
and function of the organism on the basis of the structure and function of 

an already-constructed machine. Only rarely has anyone sought to under
stand the very construction of the machine on the basis of the structure and 

function of the organism. 
Philosophers and mechanist biologists have taken the machine to be a 

given-or, when they have studied its construction, they have explained it 

by invoking human calculation. They have appealed to the engineer-that 

is, for them, to the scientist. Deceived by the ambiguity of the term me
chanical, they have seen machines as nothing but theorems solidified and 

displayed in concreto by a totally secondary operation of construction-the 
simple application of a knowledge conscious of its import and certain of its 

effects. However, we believe that it is not possible to address the biological 

problem of the organism-machine by separating it from a technological 

problem that it presumes resolved-that of the relationship between tech

nique and science. This problem is usually explained by way of the logical 

and chronological anteriority of knowledge vis-a-vis its applications. But 

we will try to show that one cannot understand the phenomenon of the 

construction of machines by recourse to authentically biological notions 

without engaging at the same time the problem of the originality of the 
technical phenomenon in relation to the scientific phenomenon. 

We will thus examine successively: the meaning of the comparison of the 

organism to a machine; the relationship between mechanism and finalism; 
the reversal of the traditional relationship between machine and organism; 

and the philosophical consequences of this reversal. 

With the exception of vertebrates, living beings and their forms rarely dis
play to the scrupulous observer devices [dispositifs] that could evoke the idea 

of a mechanism, in the sense given to this term by scientists. In La pensee 

technique (Technical Thought), for example, Julien Pacotte observes that the 

articulations of the limbs and the movements of the eyeball correspond, in 

the living organism, to what mathematicians call a mechanism. l  We may 

define a machine as an artificial construct, a work of man, whose essential 

function depends on mechanisms. A mechanism is a configuration of solids 

in motion such that the motion does not abolish the configuration. The 
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mechanism is thus an assemblage of deformable parts, with periodic restora

tion of the relations between them. The assemblage consists in a system of 
connections with a determined degree of freedom: for example, a pendulum 

and a cam valve each have one degree of freedom; a threaded screw has two. 

The material realization of these degrees of freedom consists in guides

that is, in limitations on the movements of solids in contact. In any machine, 

movement is thus a function of the assemblage, and mechanism is a function 
of configuration. The fundamental principles of a general theory of mecha

nisms thus understood can be found, for example, in Franz Reuleaux's well
known work on kinematics.2 

The movements produced (but not created) by machines are geometri
cal, measurable displacements. The mechanism regulates and transforms a 

movement whose impulse is transmitted to it. A mechanism is not a motor. 

One of the simplest examples of such transformation of movements consists 

in gathering an initial translateral movement into rotational form via the 

intermediary of technical devices such as a wheel crank or an eccentric 

crank. Naturally, mechanisms can be combined, by superposition or by ad

dition. One can construct mechanisms that modify the configuration of the 

original mechanism and render the machine alternately capable of several 

mechanisms. This is the case in modifications effected by release or engage

ment actions-for example, the freewheel on a bicycle. 3  
We have already stated that what is the rule in human industry is the 

exception in the structure of the organism and in nature, and we must add 

to this that, in the history of techniques, of human inventions, configura

tions by assemblage were not the earliest. The oldest known tools are made 

of one piece. The construction of axes or arrows by assembling a flint and 

a shaft, or the construction of nets or fabrics, was not primitive. Their ap

pearance is generally dated to the end of the Quaternary. 

This brief reminder of the elementary concepts of kinematics is useful in 

allowing us to pose in all its paradoxical significance the following problem: 
How do we explain the fact that a model for understanding the structure 

and functions of the organism has been sought in machines and in mecha

nisms, as defined above? It seems possible to answer that this is because the 
representation of the living being by a mechanical model does not involve 

only mechanisms of the kinematic type. A machine, as defined above, is 

not self-sufficient, since it must receive from elsewhere the movement it 
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transforms. Therefore, one can only represent a machine in movement by 
associating it with a source of energy.4 

For a very long time, kinematic mechanisms were set in motion by 
human or animal muscular effort. At that stage, it was obviously tautological 
to explain the movement of a living being by likening it to the movement 

of a machine dependent, for its own movement, on the muscular effort of a 
living thing. Thus, the mechanical explanation of the functions of life his
torically presupposes-as has often been shown-the construction of au
tomatons, whose name signifies at once the miraculous character and the 
apparent self-sufficiency of a mechanism transforming an energy that is 

not-at least not immediately-the effect of a human or animal muscular 
effort. 

This comes across in a well-known text: 

Examine with some attention the physical economy of man: What do you find? 

The jaws armed with teeth: Are they anything but pliers? The stomach is but a 

retort; the veins, the arteries, the entire system of blood vessels are hydraulic 

tubes; the heart is a spring; the viscera are but filters, screens; the lungs are but 

bellows. And what are the muscles, if not cords? What is the ocular angle, if it is 

not a pulley? And so on. Let us leave it to the chemists with their grand words 

of "fusion," of "sublimation," of "precipitation" to want to explain nature and 

thus to establish a separate philosophy; it is nonetheless incontestable that all 

these phenomena must be related to the laws of equilibrium, of angles, of cords, 

of the spring, and of the other elements of mechanics. 

This text is not from whom one might think, but from the De praxi medica,5 

published in r696 and written by Giorgio Baglivi ( r668-r 706), an Italian 
doctor of the iatromechanic school. Founded by Giovanni Alfonso Borelli 
(r608-79)

' 
this school of iatromechanists clearly seems to have been influ

enced by Descartes, despite the fact that in Italy the school is more com

monly linked to Galileo, for reasons of national prestige.6 This text is of 

interest because it places angle, cord, and spring on the same level as princi

ples of explanation. It is clear, nevertheless, that from a mechanical point 
of view there is a difference between these engines; whereas the cord is a 

mechanism of transmission and the angle a mechanism for the transforma
tion of a given movement, the spring is a motor. No doubt, it is a motor 
that merely gives back what has been lent to it, but at the moment of its 
action it appears to be endowed with independence. In Baglivi's text, it is 
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the heart-the primum movens-that is likened to a spring. In it resides the 
motor of the whole organism. 

The formation of a mechanist explanation of organic phenomena thus 

requires that, in addition to machines in the sense of kinematic devices, 
there exist machines as motors, drawing their energy, at the moment of its 
use, from a source other than animal muscle. This is why, although Baglivi's 
text should refer us to Descartes, we must actually trace back to Aristotle 
the likening of the organism to a machine. When considering the Cartesian 
theory of the animal-machine, it is difficult to establish whether Descartes 
had precursors in the matter. Those who look for Descartes' predecessors 
generally cite Gomez Pereira, a Spanish doctor of the second half of the 
sixteenth century. It is quite true that Pereira, before Descartes, thought he 
was able to demonstrate that animals are pure machines and that, in any 
case, they do not possess the sensory soul so often attributed to them.? But 
it is indisputable that Aristotle found in the construction of war machines 
such as catapults license to liken the movements of animals to mechanical, 
automatic movements. This has been established by Alfred Espinas in his 
article "L'organisme ou la machine vivante en Grece au IVe siecle avant 
lC. " (The Organism or Living Machine in the Greece of the Fourth Cen
tury B .C.).8 Espinas traces the kinship of the problems treated by Aristotle 

in his treatise De motu animalium and his collection Quaestiones mechanicae.9 
Aristotle indeed likens the organs of animal motion to O1'gana, that is, to 
the parts of war machines (e.g., to the arm of a catapult, which launches a 
projectile), and he compares the course of their movement to that of ma
chines capable of releasing, after being set off, a stored-up energy, auto
matic machines, of which catapults were the typical example in his period. 
In the same work, Aristotle likens the movement of limbs to mechanisms, 
in the sense given above-he is on this point faithful to Plato, who, in the 
Timeaus, defines the movement of vertebrates on the basis of pivots. 1 0  

It is true that Aristotle's theory of movement is very different from that 
of Descartes. According to Aristotle, the principle of all movement is the 
soul. All movement requires a first motor. Movement presupposes the im
mobile: what moves the body is desire, and what explains desire is the soul, 
just as what explains potentiality is actuality. Despite this difference in the 
explanation of motion, the fact remains that for Aristotle, as later for Des
cartes, the comparison of the organism to a machine presupposes man-made 
devices in which an automatic mechanism is linked to a source of energy 
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whose motor effects continue well after the human or animal effort they 
release has ceased. It is this interval between the storing up and the release 
of energy by the mechanism that allows one to forget the relationship of 
dependence between the mechanism's effects and the action of a living 
being. When Descartes turns to machines to find analogies in his explana
tion of the organism, he invokes automatons with springs and hydraulic 
automatons. He is thus a tributary, intellectually speaking, of the technical 
forms of his age: of the existence of clocks and watches, water mills, artificial 
fountains, pipe organs, etc. We may therefore say that, so long as a living 
human or animal "sticks" to the machine, the explanation of the organism 
by way of the machine cannot be born. This explanation can only be con
ceived once human ingenuity has constructed apparatuses that imitate or
ganic movements: for example, the launching of a projectile, the back-and
forth movement of a saw-apparatuses whose action (their construction and 
activation aside) takes place independently of man. 

We have just said it twice: can be born. Is that to say that this explanation 
must be born? How do we account for the appearance, so clear and abrupt in 
Descartes' thought, of a mechanist interpretation of biological phenomena? 
This theory is evidently related to a change in the economic and political 
structure of Western societies, but the nature of this relationship remains 
obscure. 

This question has been addressed by Pierre-Maxime Schuhl in Machi

nisme et ph ilosophie. 1 1  Schuhl has shown that within ancient philosophy the 
opposition between science and technics overlies the oppositions between 
freedom and servitude, and, more profoundly, between nature and art. 
Schuhl refers to the Aristotelian opposition between natural and violent 
movement. The latter is engendered by mechanisms in order to counteract 
nature and has the following characteristics: it exhausts itself quickly, and 
it never engenders a habit-that is to say, a permanent, self-reproducing 
disposition. 

Here we come across a rather difficult problem in the history of civiliza
tion and in the philosophy of history. In Aristotle, the hierarchy of freedom 
and servitude, theory and practice, nature and art parallels an economic and 
political hierarchy-the hierarchy, within the city, of free men and slaves. 12 
A slave, says Aristotle in the Politics, is an animate machine. 1 3  From this 
emerges a question that Schuhl merely indicates. Does the Greek concep
tion of the dignity of science engender contempt for technology and 
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thereby a paucity of inventions, thus leading, in a certain sense, to a diffi
culty in transposing the results of technical activity to the explanation of 
nature? 14 Or, rather, does the concept of the eminent dignity of a purely 
speculative science, a contemplative and disinterested knowledge, translate 
the absence of technological inventions? Is a contempt for work the cause 
of slavery, or does an abundance of slaves, in connection with military su
premacy, engender contempt for work? Must we here explain ideology by 
the economic structure of society or, rather, that structure by the orienta
tion of ideas? Is it the ease with which man exploits man that leads to disdain 
for techniques of man's exploitation of nature-or is it the difficulty of 
man's exploitation of nature that necessitates justification of man's exploita
tion of man? Is there a causal relation here, and if so, in which direction? Or 
are we faced with a global structure of reciprocal relations and influences? 

Father Lucien Laberthonniere poses an analogous problem in Les etudes 

sur Descartes, notably in the appendix to volume 2 ,  "La physique de Des
cartes et la physique d'Aristote," which contrasts a physics of the artist and 
aesthete to a physics of the engineer and artisan. IS Father Laberthonniere 
seems to think that here what is determinative is the idea, since the Carte
sian revolution in the philosophy of technics presupposes the Christian rev
olution. For his right and duty to exploit matter, without any regard for it, 
to be affirmed, man first had to be conceived of as a being that transcends 
nature and matter. In other words, it was necessary that man be valorized 
for nature to be devalorized. It was then necessary that men be thought 
of as radically and originally equal so that, the political technique of the 
exploitation of man by man having been condemned, the possibility and 
duty of a technique for man's exploitation of nature could appear. This 
allows Father Laberthonniere to speak of the Christian origin of Cartesian 
physics. He himself then raises the following two objections. First, the phys
ics and techniques made possible by Christianity came, with Descartes, well 
after the foundation of Christianity as a religion. Second, is there not an 
opposition between humanist philosophy, which sees man as master and 
possessor of nature, and Christianity, which was considered by the human

ists to be a religion of salvation, of flight into the beyond, and thus responsi
ble for a contempt for vital and technique-related values, for any technical 

arrangement of human life in this world below? Father Laberthonniere says: 
"Time plays no role in the matter." It is not certain that time plays no role 
in the matter. In any case, one cannot deny-and this has been shown in 
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classic texts-that certain technical inventions, such as the horseshoe or the 
yoke, modifying the usage of animal motor force, did more for the emanci
pation of slaves than any preaching could. 

We said earlier that one might look for a solution to the problem of the 

relationship between mechanist philosophy and the ensemble of economic 
and social conditions in which it arises in either of two directions: either in 
a causal relation or in a global structure. Franz Borkenau, in his book Der 
Obergang vom feudalem zum burgerlichen Weltbild (The Transition from a Feu

dal to a Bourgeois Worldview), sees it as a causality. ! 6  This author affirms 
that, at the beginning of the seventeenth century, the mechanist conception 
eclipsed the qualitative philosophy of antiquity and of the Middle Ages. 
The success of this conception translates, within the ideological sphere, the 
economic fact of the organization and spread of factories. For Borkenau, 
the division of artisanal work into uniform and qualityless segmented acts 
of production imposed the conception of an abstract social work. The 
breakdown of work into simple, identical, repeated movements demanded 
a comparison of labor hours, so that prices and salaries could be calculated, 
and thus led to the quantification of a process previously regarded as quali
tative. ! ?  For him, the calculation of work as a pure, mathematically treatable 
quantity was the basis and the point of departure for a mechanist conception 
of the universe of life. It is thus through the reduction of all value to eco
nomic value, to a "callous cash payment," as Marx puts it in The Communist 

Manifesto, that the mechanist conception of the universe was a fundamen
tally bourgeois Weltanschauung. !8 Ultimately, says Borkenau, behind the 
theory of the animal-machine we should detect the norms of the nascent 
capitalist economy. Descartes, Galileo, and Hobbes would thus have been 
the unconscious harbingers of this economic revolution. 

These ideas of Borkenau have been oudined and critiqued with great 
vigor in an article by Henryk Grossman. ! 9  According to Grossman, Bor
kenau does away with I SO years of economic and ideological history by 
making the mechanist conception contemporaneous with the appearance of 
manufacturing at the beginning of the seventeenth century. Borkenau 
writes as if Leonardo da Vinci had never existed. Referring to Pierre Du
hem's work, in Les origines de la statique,2° and to the I 904-I 907 publication 
of Leonardo's manuscripts,2 ! Grossman affirms, along with Gabriel Seailles, 
that the publication of Leonardo's manuscripts pushes the origins of mod
ern science back by more than a century. The quantification of the notion 
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of work is first of all mathematical, and this precedes its economic quantifi
cation. In addition, the norms for the capitalist assessment of production 
had been defined by Italian bankers beginning in the thirteenth century. 

Relying on Marx, Grossman reminds us that, as a general rule, there was, 
originally, no true division of labor in factories. Rather, the factory origi

nally brought together in the same locale hitherto scattered artisans. It is 

thus not, according to him, the calculation of prices by labor hours but 

rather the development of mechanization that is the authentic cause of the 
mechanist conception of the universe.  The development of mechanization 
has its origins in the Renaissance period. Descartes thus consciously ration

alized a mechanist technique much more than he unconsciously translated 
the practices of a capitalist economy. Mechanics is, for Descartes, a theory 

of machines-it presupposes a spontaneous invention, which science must 
then consciously and explicitly promote. 

-which machines modified man's relationship to nature before Descartes, 
giving birth to a hope unknown to the ancients and calling for the justifica
tion and the rationalization of this hope? They were, first and foremost, 

firearms, which interested Descartes scarcely at all, and only insofar as they 

related to the problem of projectiles.22 By contrast, Descartes was greatly 
interested in watches and clocks, in hoisting machines, in water-powered 

machines, etc. 

Consequently, we say that Descartes integrated into his philosophy a 

human phenomenon-the construction of machines-much more than he 

transposed into ideology the social phenomenon of capitalist production. 

-what are, then, in Cartesian theory, the relations between mechanism 
and finalism contained within the comparison of organism to machine? 

The theory of animal-machines is inseparable from Cogito ergo sum. The 
radical distinction between soul and body, thought and extension, entails 

affirming the substantial unity of all matter, regardless of its form, and of 
all thought, regardless of its function.23 Given that the soul has but one 

function, that of judgment, it is impossible to admit the existence of animal 

souls, since we have no sign that animals judge, being incapable of language 
and invention. 24 

The refusal to grant a soul-that is to say, reason-to animals does not 
entail, according to Descartes, denying that they have life, which consists in 
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no more than the warmth of the heart, or sensitivity, inasmuch as this de
pends on the arrangement of organs.25 

In the same letter, there appears a moral foundation for the theory of the 
animal-machine. Descartes does to the animal what Aristotle did to the 
slave: he devalorizes it in order to justify its use by man as an instrument: 
"My opinion is not so much cruel toward animals as indulgent toward 
human beings-at least to those who are not given to the superstitions of 
Pythagoras-since it absolves them from the suspicion of crime when they 
eat or kill animals."26 Remarkably, one finds this same argument reversed 
in a text by Leibniz:27 if one is forced to see the animal as more than a 
machine, one must become a Pythagorean and give up dominating ani
mals.28 We find ourselves here in the presence of an attitude typical of West
ern man. The theoretical mechanization of life and the technical utilization 
of the animal are inseparable. Man can make himself master and possessor 
of nature only if he denies all natural purpose and can consider all of nature, 
including, apparently, animate nature-except for himself-to be a means. 

This is what legitimates the construction of a mechanical model of the 
living body, including the human body-for already in Descartes the human 
body, if not man, is a machine. Descartes finds this mechanical model, as 
we have said, in automatons: that is to say, in moving machines.29 

In order to give the full meaning of Descartes' theory, we now propose 
to read the beginning of his Traite de /'homme (Treatise of Man), first pub
lished in Leyden from a Latin version in 1662,  and in French for the first 
time in 1664: 

These men will be composed, as we are, of a soul and a body, and I must first 

separately describe for you the body; then, also separately, the soul; and finally I 

must show you how these two natures would have to be joined and united to 

constitute men resembling us. I assume their body to be but a statue, an earthen 

machine formed intentionally by God to be as much as possible like us. Thus not 

only does He give it externally the shapes and colors of all the parts of our bodies; 

He also places inside it all the pieces required to make it walk, eat, breathe, and 

imitate whichever of our own functions can be imagined to proceed from mere 

matter and to depend entirely on the arrangement of our organs. We see clocks, 

artificial fountains, mills, and similar machines which, though made entirely by 

man, lack not the power to move, of themselves, in various ways. And I think you 

will agree that the present machine could have even more sorts of movements 

than I have imagined and more ingenuity than I have assigned, for our supposi

tion is that it was created by God.3D 
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If one reads this text as naIvely as possible, it seems that the theory of 
the animal-machine depends for its meaning on the enunciation of two pos
tulates, which are too often neglected. The first is that there exists a builder 
God, and the second is that the living is given as such, prior to the construc
tion of machines. In other words, it is necessary, in order to understand the 
machine-animal, to see it as having been preceded, logically and chronolog
ically, both by God as efficient cause and by a pre-existing living being as 
formal and final cause to be imitated. In short, in the theory of the animal
machine, which has generally been seen as a rupture with the Aristotelian 
conception of causality, we propose that all the types of causality invoked 
by Aristotle are found, though not in the same place and not simultaneously. 

The construction of the living machine implies, if one reads the text 
well, an obligation to imitate a prior organic given. The construction of a 
mechanical model presupposes a vital original, and, in the end, we may 
wonder whether Descartes is not closer here to Aristotle than to Plato. The 
Platonic demiurge copies the Ideas. The Idea is a model of which the natu
ral object is a copy. The Cartesian God, the Artifex Maximus, works to equal 
the living itself. The model for the living machine is the living itself. The 
Idea of the living, which divine art imitates, is the living thing. And just as 
a regular polygon is inscribed within a circle, and in order to derive the 
circle from it, it is necessary to pass through infinity, so the mechanical 
artifice is inscribed within life, and to derive one from the other, it is neces
sary to pass through infinity-that is to say, God. It is this that seems to 
emerge at the end of the text: "And I think you will agree that the present 
machine could have even more sorts of movements than I have imagined 
and more ingenuity than I have assigned, for our supposition is that it was 
created by God."3 1  The theory of the animal-machine would thus be to life 
what axiomatics is to geometry-that is to say, merely a rational reconstruc
tion, which ignores only by means of a feint the existence of what it repre
sents and the anteriority of production over rational legitimization. 

This aspect of the Cartesian theory, moreover, was noticed by an anato
mist of the time, the famous Nicolas Steno, in the "Discours sur l'anatomie 
du cerveau" (Discourse on the Anatomy of the Brain), delivered in Paris in 
166s-that is, one year after the appearance of the Treatise of Man. Steno, 
while paying homage to Descartes (all the more remarkable given that anat
omists have not always had much sympathy for Descartes' anatomy), ob
serves that Descartes' man is man reconstructed by Descartes under the 
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cover of God, but that this is not the man of the anatomist.32 lt may thus be 
said that, in substituting mechanism for the organism, Descartes effaces 
teleology from life, but he does so only in appearance, for he reassembles 
it, in its entirety, at his point of departure. Anatomical form substitutes 
for dynamic formation, but as this form is a technical product, all possible 
teleology is contained within the technique of production. In truth, one 
cannot, it seems, oppose mechanism and finalism, one cannot oppose mech
anism and anthropomorphism, for if the functioning of a machine is ex

plained by relations of pure causality, the construction of a machine can be 
undentood neither without purpose nor without man. A machine is made by 
man and for man, with a view toward certain ends to be obtained, in the 
form of effects to be produced. 3 3  

Thus, Descartes' project of explaining life mechanically eliminates pur
pose in its anthropomorphic form. Yet in realizing this project, one anthro
pomorphism substitutes for another. A technological anthropomorphism 
substitutes for a political anthropomorphism. 

In "La description du corps humain" ("Description of the Human 
Body"), a short treatise written in r648, Descartes undertakes to explain 
voluntary movement in man. He makes the case that the body obeys the 
soul only on the condition of first being mechanically predisposed to do 
so-a claim that held sway over the entire theory of automatic and reflex 
movements until the nineteenth century. The soul's decision is not a suffi
cient condition for the movement of the body. Descartes says: "The soul 
cannot produce any movement without the appropriate disposition of the 
bodily organs which are required for making the movement. On the con
trary, when all the bodily organs are disposed for some movement, the body 
has no need of the soul in order to produce that movement."34 

Descartes means that when the soul moves the body, it does not do so in 
the way that (as popular representation would have it) a king or a general 
commands his subjects or soldiers. Instead, by likening the body to a clock 
mechanism, he means to say that the movements of the organs direct one 
another like interlocked cogwheels. Thus, in Descartes, the technological 
image of "command" (a type of positive causality by a device or by the play 
of mechanical connections) substitutes for the political image of command
ment (a kind of magical causality; causality by word or by sign). 

Descartes' argument here is the opposite of Bernard's in his critique of 
vitalism in Lefons sur les phenomenes de la vie communs aux animaux et aux 
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vegetaux ( 1 878-79). 3 5  While refusing to accept the separate existence of a 
vital force, because such a force "could not possibly do anything," Bernard 
surprisingly admits that it could, however, direct "phenomena that it does 
not produce. "36 In other words, Bernard substitutes for the notion of a 
vital force conceived as a worker the notion of a vital force conceived as a 
legislator or a guide. This is to accept that it is possible to direct without 
acting; we might call this a magical conception of direction, because it 
implies that directing transcends execution. On the contrary, according to 
Descartes, a mechanical device that executes replaces a power that directs 
and commands-but God has set the direction once and for all; the direc
tion of the movement is included by the builder in the mechanical device 
that executes it. 

In short, with the Cartesian explanation, in spite of appearances, it may 
seem that we have not taken a single step outside finalism. The reason is 
that mechanism can explain everything so long as we take machines as al
ready granted, but it cannot account for the construction of machines. No 
machine builds machines-and one could even say that, in a certain sense, 
to explain organs or organisms through mechanical models is to explain the 
organ using the organ. It is a tautology, basically, because-and we shall try 
to justify this interpretation-machines can be considered organs of the 
human species.37 A tool or a machine is an organ, and organs are tools or 
machines. Consequently, it is hard to see where the opposition between 
mechanism and finalism lies. No one doubts that a mechanism is needed to 
ensure the success of a given purpose, and inversely, every mechanism must 
have a sense, for a mechanism is not just an accidental series of interdepen
dent movements. In reality, the opposition is between those mechanisms 
whose sense is manifest and those whose sense is latent. The sense of a lock 
or a clock is manifest; the sense of the pincers of a crab, so often invoked as 
marvels of adaptation, is latent. As a result, it does not seem possible to 
deny the purpose of certain biological mechanisms. Let us take an example 
that often serves as an argument for certain mechanist biologists. They deny 
the purpose of the enlargement of a woman's pelvis prior to giving birth; 
yet one need only turn the question around: given that the widest dimension 
of the fetus exceeds the widest dimension of the womb by 1 to 1 .5 centime
ters, if the womb were not to enlarge a bit, by a kind of loosening of the 
symphyses and a backward rocking motion of the sacrococcygien, then birth 
would be impossible. We are warranted in rejecting the suggestion that an 
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act whose biological sense is so clear is possible only because a mechanism 
without any biological sense allows it. And we have to use the word allow 
here because the absence of this mechanism would forbid it. It is well known 
that, when confronted with an unfamiliar mechanism, in order to verify that 
it really is a mechanism-a necessary sequence of operations-we are 
obliged to try to find out what effect is expected from it, what end has been 
envisioned. We cannot determine its use from the form and structure of the 

apparatus unless we already know the machine's use, or that of analogous 
machines. It is thus necessary first to see the machine functioning so as then 
to appear able to deduce the function from the structure. 

We have come to the point where the Cartesian relationship between ma
chine and organism is reversed. 

In an organism-and this is too well known to need insisting-one ob
serves phenomena of self-construction, self-conservation, self-regulation, 
and self-repair. 

In a machine, its construction is foreign and presupposes the ingenuity 
of the mechanic; conservation demands the constant surveillance and vigi
lance of the machinist, and we know how irreparably certain complicated 
machines can be damaged through lack of attention or surveillance. As for 
regulation and repair, they also presuppose the periodic intervention of 
human action. There are doubtless devices that regulate themselves, but 
these are machines superposed upon machines by man. The construction 
of servomechanisms or electronic automatons displaces the relationship of 
man to machine but does not alter its sense. 

In the machine, the rules of a rational accounting are rigorously verified. 

The whole is strictly the sum of the parts. The effect is dependent on the 
order of causes. In addition, a machine displays a clear functional rigidity, a 
rigidity made increasingly pronounced by the practice of standardization. 
Standardization is the simplification of models and replacement parts, the 
rendering uniform of metric and qualitative characteristics, which allows 
for the interchangeability of parts. Any part is equivalent to any other with 
the same purpose-within, naturally, a margin of tolerance that defines 
manufacturing limits. 

With the properties of a machine in comparison to those of the organism 
thus defined, is there more or less purpose in the machine than in the 
organism? 
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It can easily be said that there is more purpose in the machine than in 
the organism, because the purpose of the machine is rigid, univocal, univa
lent. A machine cannot replace another machine. The more limited the 
purpose, the more the margin of tolerance is reduced, and the more hard
ened and pronounced the purpose appears to be. In the organism, by con
trast, one observes-and this again is too well known to be insisted upon-a 
vicariousness of functions, a polyvalence of organs. Doubtless, this vicari
ousness of functions and polyvalence of organs are not absolute, but they 
are so much greater than in the machine that there can really be no compar
ison.38 As an example of the vicariousness of functions, one may cite a sim
ple, well-known case: childhood aphasia. Hemiplegia on the right side is 
almost never accompanied by aphasia, because other regions of the brain 
ensure the language function. And when aphasia appears in a child under 
nine years old, it dissipates rapidly.39 As for the matter of the polyvalence of 
organs, one may simply cite the fact that, although we believe that for most 
organs there is some defined function, in reality we are ignorant of other 
functions they may serve. In this manner, the stomach is said in principle to 
be the organ of digestion. Yet it is a fact that, following a gastrectomy to 
treat an ulcer, one observes problems of digestion less than problems of 
h::ematopoiesis. It was thus discovered that the stomach behaves like an in
ternal secretion gland. We could also cite here-and not just as a display 
of wonders-the recent example of an experiment performed by Robert 
Courrier, professor of biology at the College de France. Courrier made an 
incision on a gravid rabbit's uterus, extracted one placenta, and placed it in 
the peritoneal cavity. The placenta grafted onto the intestine and nourished 
itself as normal. Once the graft was effected, the rabbit's ovaries were re
moved-that is to say, the pregnancy function of the corpus luteum was 
thereby suppressed. At this moment, all the placentas in the uterus aborted, 
and only the placenta placed in the peritoneal cavity came to term. Here is 
an example where the intestine behaves like a uterus, even, one could say, 
with more success than the uterus itself. 

On this point, we are thus tempted to reverse a proposition of Aristotle's. 
He writes in the Politics: "For nature is not stingy, like the smith who fash

ions the Delphian knife for many uses; she makes each thing for a single 
use, and every instrument is best made when intended for one and not many 
things."40 On the contrary, it seems that this definition of purpose is better 
suited to the machine than to the organism. We must at least admit that, in 
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the organism, a plurality of functions can adapt to the singularity of an 
organ. An organism thus has greater latitude of action than a machine. It 
has less purpose and more potentialities.41 The living organism acts in ac
cordance with empiricism, whereas the machine, which is the product of 
calculation, verifies the norms of calculation, that is, the rational norms of 
identity, consistency, and predictability. Life, by contrast, is experience, that 
is to say, improvisation, the utilization of occurrences; it is an attempt in all 
directions. From this follows a massive and often neglected fact: life toler
ates monstrosities. There is no machine monster. There is no mechanical 
pathology, as Bichat already observes in 1 80 1  in Anatomie generale appliquee 

it la physiologie et it la medecine (General Anatomy Applied to Physiology and 

Medicine).42 Whereas monsters are still living beings, there is no distinction 
between normal and pathological in physics and mechanics. The distinction 
between the normal and the pathological holds for living beings alone. 

Above all, what led to the abandonment of mechanist representations in 
the interpretation of living phenomena was work in experimental embryol
ogy, which showed that the seed does not contain within it a sort of "specific 
machinery" (Cuenot43) destined, once set in motion, automatically to pro
duce such and such an organ. That was undoubtedly Descartes' conception. 
In the "Description of the Human Body," he writes: "If one knew well all 
the parts of the seminal fluid of a species of particular animal-for example, 
man-one could deduce, from this alone and for sure and mathematical 
reasons, the entire figure and conformity of each of its members-just as, 
reciprocally, by knowing several particularities of this conformity, one could 
deduce the seminal fluid."44 However, as Guillaume points out, it seems 
that the more one compares living beings to automatic machines, the better 
one understands their function but the less one understands their genesis.45 
If the Cartesian conception were true-that is to say, if there were both 
preformation in the seed and mechanism in development, an alteration 
at the outset would disturb or even entirely prevent the development of 
the egg. 

In fact, this is far from being so-as, thanks to the works of Driesch, 
H6rstadius, Spemann, and Mangold, the study of the potentialities of the 
egg has made clear the difficulty of reducing embryological development to 

a mechanist model. Let us take as an example H6rstadius's experiments on 
the sea urchin egg. He cut sea urchin egg A at stage 16 along a horizontally 
symmetrical plane, and egg B along a vertically symmetrical plane. He then 
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joined one-half of A to one-half of B, and the resulting egg developed nor

mally. Driesch took a sea-urchin egg at stage r6  and compressed it between 
two strips, modifying the reciprocal position of the cells at the two poles; 

the egg developed normally. These two experiments allow us to conclude 

that the effect is indifferent to the way in which the causes are arranged. 

Another experiment is even more striking. It is also Driesch's, and it consists 

in extracting the blastomeres of the sea-urchin egg at stage 2 .  The blasto

meres are dissociated either mechanically or chemically, in sea water de

pleted of calcium salts. The result is that each blastomere gives birth to a 

larva that is normal, apart from its dimensions. Here, consequently, the 

effect is indifferent to the quantity of the cause. The quantitative decrease 

in cause does not qualitatively alter the effect. And conversely, when one 

conjoins two sea-urchin eggs, one obtains a single larva, larger than normal. 

This is further confirmation of the effect's indifference to the quantity of 

the cause. The experiment by multiplication of the cause confirms the ex

periment by division of the cause. 

It must be said that it is impossible to reduce the development of all eggs 

to this schema. It has long been asked whether we are dealing with two sorts 
of eggs-regulated eggs of the sea-urchin egg type and mosaic eggs of the 

frog-egg type, in which the cellular future of the first blastomeres, whether 

they are dissociated or stay together, is identical. Most biologists at present 

accept that there is simply a difference of precocity in the appearance of 

determination among "mosaic" eggs. For one thing, from a certain stage 

onward, regulation eggs behave like mosaic eggs; for another, the blasto

mere of a frog egg at stage 2 produces a complete embryo, as does a regula

tion egg if it is turned upside down.46 

It seems to us, then, that it is an illusion to think that purpose can be 

expelled from the organism by comparing it to a composite of automatisms, 

no matter how complex. So long as the construction of the machine is not 

a function of the machine itself, so long as the totality of an organism is not 

equivalent to the sum of its parts (parts discovered by analysis once the 
organism has already been given), it seems legitimate to hold that biological 

organization must necessarily precede the existence and meaning of me

chanical constructions. From the philosophical point of view, it is less im
portant to explain the machine than to understand it. And to understand it 

is to inscribe it within human history by inscribing human history in life, 
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without, however, neglecting the appearance, with man, of a culture irre
ducible to simple nature. 

Thus we have come to see in the machine a fact of eultun expressing itself 
in mechanisms that, for their part, are nothing but a fact of nature to be 

explained. In a famous text of the Principles, Descartes writes: "It is certain 
that all the rules of mechanics belong to physics, to the extent that all artificial 

things an thereby natural. Since, for example, when a watch counts the hours, 
by using the cogs from which it is made, this is no less natural for it than 
for a tree to produce fruit."47 But, from our point of view, we can and we 
must invert the relationship between the watch and the tree, and say that 
the wheels a watch is made of, so as to show the hours, and, in general, all 
the pieces of mechanisms assembled so as to produce an effect-an effect at 
first only dreamed or desired-are the immediate or derived products of a 
technical activity as authentically organic as the bringing forth of fruit by 
trees, an activity, in the beginning, as little conscious of the rules and laws 
ensuring its efficacy as plant life is. The logical anteriority, at any given 
moment, of a knowledge of physics to the construction of machines cannot 
and must not allow us to forget the absolute chronological and biological 
anteriority of the construction of machines to the knowledge of physics. 

Now, contrary to Descartes, one author has affirmed both the irreduc
ibility of the organism to the machine and, symmetrically, the irreducibility 
of art to science. This is Kant, in the Critique of Judgment. It is true that in 
France we are not used to looking for a philosophy of techniques in Kant, 
but German writers who have been interested in these problems, especially 
from r 870 onward, have not failed to do so. 

In paragraph 65 of the "Critique of the Teleological Power of Judgment," 
Kant uses the example of the watch, so dear to Descartes, to distinguish 
machine from organism. In a machine, he writes, each part exists for an
other, but not by another. No piece is produced by another piece; no piece 

is produced by the whole; nor is any whole produced by another whole of 
the same species. There is no watch-making watch. No part replaces itself 
by itself. No whole replaces a missing part. The machine thus possesses 
motor force, but not a formative energy capable of transmitting itself to 
external matter and propagating itself. In paragraph 75 ,  Kant distinguishes 
man's intentional technique from life's unintentional technique. But in 
paragraph 43 (from the "Critique of the Aesthetic Power of Judgment''), 
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Kant defines the originality of this intentional human technique relative to 
knowledge in an important text: 

Art, as human skill, is distinguished also from science (as ability from knowledge), 

as a practical from a theoretical faculty, as technic from theory (as the art of 

surveying from geometry) . For this reason, also, what one can do the moment 

one only knows what is to be done, hence without anything more than sufficient 

knowledge of the desired result, is not called art. To art that alone belongs for 

which the possession of the most complete knowledge does not involve one's 

having then and there the skill to do it. Camper describes very exactly how the 

best shoe must be made, but he, doubtless, was not able to turn one out himself.48 

This text is cited by Paul Krannhals in Der Weltsinn der Technik (The Univer

sal Meaning of Technique); he sees in it, rightly, it would seem, a recognition 
of the fact that every technique essentially and positively includes a vital 
originality irreducible to rationalization.49 Indeed, let us consider the fact 
that dexterity in making an adjustment, or synthesis in the process of pro
duction-what we customarily call ingenuity, responsibility for which we 
sometimes delegate to an instinct-all this is as inexplicable in its formative 
movement as the production of a mammal egg outside of the ovary may be, 
even if we were to presume the physico-chemical composition of proto
plasm and the sexual hormones to be completely known. 

We therefore find that the works of ethnographers shed more (though 
still weak) light on the construction of machines than those of engineers.50 
In France, it is ethnographers who are today closest to constituting a philos
ophy of technique, in which philosophers have lost interest, since they have 
been attentive, above all, to the philosophy of science. Ethnographers, by 

contrast, have been attentive to the relationship between the production of 
the first tools, the first devices [dispositifs] for acting on nature, and organic 
activity itself. The only philosopher in France who, to our knowledge, has 
asked questions of this order is Alfred Espinas, and we refer the reader to 
his classic 1 897 work Les origines de la technologie. 5 1  This work includes an 
appendix, the outline of a course on Will given at the Faculte des Lettres in 
Bordeaux around 1 890; in it, Espinas discusses human practical activity and, 

in particular, the invention of tools under the name of will. We know that 
Espinas borrowed his theory of organic projection, which he uses to explain 
the construction of the first tools, from a German author, Ernst Kapp 

(1 808-96), who presented it for the first time in his 1 877 work Grundlinien 
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einer Philosophie der Technik (Outlines of a Philosophy of Technique).s2 This 

work, a classic in Germany, was so little known in France that certain psy

chologists who, on the basis of studies by Wolfgang Kohler and Paul Guil
laume, have taken up the problems of animal intelligence and the use of 
tools by animals, attribute this theory of projection to Espinas himself, with
out noticing that Espinas explicitly declares at several points that he is bor
rowing from Kapp.S3 According to the theory of projection (whose 
philosophical foundations reach back, through Eduard von Hartmann and 
his Philosophy of the Unconscious,S4 to Schopenhauer), the first tools were no 
more than prolongations of human organs in motion. Flints, clubs, and lev
ers prolong and extend the arm's organic movement of percussion. This 
theory, like all theories, has its limits and encounters notable obstacles in 
explaining inventions like fire or the wheel, which are so characteristic of 
human technique. One could search in vain, here, for the gestures and or
gans of which fire or the wheel would be the prolongation or extension, yet 
it is certain that this explanation is acceptable for instruments derived from 
the hammer or the lever, for all these families of instruments. In France, 
thus ethnographers have gathered not only the facts but also the hypotheses 
upon which a biological philosophy of technique could be constituted. 
Leroi-Gourhan, in his Milieu et Techniques,ss takes up what the Germans 
developed by way of philosophys6-for example, a theory of the develop
ment of inventions founded on Darwinian notions of variation and natural 
selectionS? or a theory of the construction of machines as a "tactic of life"s8 
-without, so far as we know, any direct derivation. Leroi-Gourhan seeks 
to understand the phenomenon of the construction of the tool through a 
comparison with the movement of an amoeba, pushing out of its mass an 
extension that grasps and captures the external object of its desire in order 
to digest it. He writes: "If percussion has been proposed as the fundamental 
technical act, it is because there is, in almost all technical acts, the attempt 
to contact by touch, but while the expansion of the amoeba always pulls its 
prey toward the same digestive process, between the matter to be dealt with 
and the technical thought that envelops it are created, in each circumstance, 
specific organs of percussion."s9 The last chapters of this work constitute 
what is today the most striking example of a systematic and duly detailed 
attempt to bring biology and technology together. If one takes these views 
as a point of departure, the problem of the construction of machines re
ceives a totally different solution from the traditional one, which was situ
ated within a perspective that, for lack of a better term, we might call 
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Cartesian, a perspective according to which technical invention consisted in 
the application of knowledge. 

It is traditional to present the construction of the locomotive as a "marvel 
of science."  And yet the construction of the steam engine is unintelligible 
if one does not understand that it is not an application of pre-existing theo
retical knowledge but the solution to a millennial, truly technical problem
the problem of draining mines. To understand that the essential organ in a 
locomotive is a cylinder and piston, one must know the natural history of 
the forms of the pump; one must know of the existence of fire pumps, in 
which steam did not at first play the role of motor but served rather to 
create, by condensation under the piston of the pump, a vacuum that al
lowed the atmospheric pressure to act as a motor and to push down the 
piston.6o 

Leroi-Gourhan goes even further along these lines, and he looks for one 
of the locomotive's ancestors (in the biological sense of the word) in the 
spinning wheel. He writes: "Steam engines and actual motors developed 
from machines such as the spinning wheel. Around the circular movement 
is clustered all that the inventive spirit of our times has discovered that is 
highest among techniques: the crank, the pedal, the conveyor belt. "61 And 
later: "The reciprocal influence of inventions has not been sufficiently 
brought to light and we ignore that, without the spinning wheel, we would 
not have had the locomotive."62 Further on: "The beginning of the nine
teenth century did not know the forms that would become the materially 
utilizable embryos for the locomotive, the automobile, and the airplane. We 
discover the mechanical principles scattered in twenty applications known 
for several centuries. Therein lies the phenomenon that explains invention, 
but what is proper to invention is that it materializes, as it were, instantane
ously. "63 One sees how, in light of these remarks, Science and Technique 
must be considered not as two types of activity, one of which is grafted onto 
the other, but as two types of activity, each of which borrows from the other 
sometimes its solutions, sometimes its problems. The rationalization of 
techniques makes one forget the irrational origin of machines. And it seems 
that in this area, as in any other, one must know how to cede a place to the 
irrational, even and especially when one wants to defend rationaIism.64 

To this we must add that the reversal of the relation between machine 
and organism that is brought about by a systematic understanding of techni
cal inventions as behaviors of the living finds some confirmation in the atti
tude that the generalized use of machines has little by little imposed on men 
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in contemporary industrialized societies. Georges Friedmann's important 
work Problenzes hunzains du nzachinisme industriel depicts the stages in the 
reaction that has restored the organism to first place in the relation between 
machine and human organism.65 With Taylor and the first technicians of 
the rationalization of workers' movements, we see the human organism 
aligned, so to speak, with the functioning of the machine. Properly speak
ing, rationalization is a mechanization of the organism, inasmuch as it aims 
to eliminate movements that appear useless because they are seen solely 
from the viewpoint of output, considered as a mathematical function of 
certain factors. But the observation that technically superfluous movements 
are biologically necessary was the first stumbling block encountered by this 
exclusively technicist assimilation of the human organism to the machine. 
From here, the systematic examination of conditions physiological, psycho
technical, and even psychological, in the most general sense of the word 
(because by taking values into consideration one arrives at the most origin
ary core of the personality) ,  has led to a reversal: Friedmann sees the devel
opment of a technique for adapting machines to the human organism as an 
ineluctable revolution. This technique seems to him a scientific rediscovery 
of the empirical processes by which primitive peoples have always sought 
to adapt their tools to the organic norms of an efficient and biologically 
economical action-that is to say, an action that situates positive value in 
the evaluation of technical norms within the organism at work, which spon
taneously defends itself against any exclusive subordination of the biological 
to the mechanica1.66 Friedmann can thus claim, without irony or paradox, 
that it is legitimate to consider the industrial development of the West from 
an ethnographic point of view.67 

In summary, by considering technique to be a universal biological phenom
enon and no longer only an intellectual operation of man,68 one is led, first, 
to affirm the creative autonomy of arts and crafts from any knowledge capa
ble of appropriating them so as to apply itself to them or informing them 
so as to multiply their effects. Second, in consequence, one is led to inscribe 
the mechanical within the organic. It is then naturally no longer a question 
of asking in what way the organism can or must be considered to be a ma
chine, whether from the viewpoint of its structure or from the viewpoint of 
its functions. Rather, it is necessary to look for the reasons why the opposite, 
Cartesian opinion could have been born. We have tried to elucidate this 
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problem. We have proposed that, in spite of initial appearances, a mechanist 
conception of the organism is no less anthropomorphic than a teleological 
conception of the physical world. The solution we have tried to defend has 
the advantage of showing man in continuity with life through technique 
prior to insisting on the rupture for which he assumes responsibility 
through science. This solution doubtless suffers from the inconvenience of 
appearing to reinforce the nostalgic indictments that, without much regard 
for the originality of their themes, too many writers address to technology 
and its progress. It is not our intention to come to their aid. It is quite clear 
that, if the human living has provided itself with a technique of the mechan
ical type, this massive phenomenon has a sense that is not gratuitous and 
that therefore cannot be revoked at will. But that is a question completely 
different from the one we have just examined. 



F I VE 

The Living and Its Milieu 

The notion of milieu is becoming a universal and obligatory mode of appre
hending the experience and existence of living beings; one could almost say 

it is now being constituted as a category of contemporary thought. But until 
now it has been quite difficult to perceive as a synthetic unity the historical 
stages in the formation of this concept, the various forms of its utilization, 
and the successive inversions of the relationship in which it is one of the 
terms-in geography, in biology, in psychology, in technology, in economic 
and social history. For this reason, philosophy must take the initiative in 
synoptically investigating the meaning and value of this concept. By initia
tive, we do not mean what appears to be an initiative but only consists in 
reflecting on the sequence of scientific explorations so as to compare their 
appearance and results. Rather, through a critical comparison of several ap
proaches, we mean, if possible, to bring to light their common point of 
departure and to postulate their fecundity for a philosophy of nature cen
tered on the problem of individuality. We shall thus examine one by one 
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the simultaneous and successive components of the notion of milieu, the 
varieties of its use, from r 800 to our time, the various reversals of the rela

tionship between organism and milieu, and, finally, the general philosophi
cal impact of these reversals. 

Historically speaking, the notion and term milieu were imported from 
mechanics into biology during the second half of the eighteenth century. 
The mechanical notion (though not the term) appeared with Newton, and 
in its mechanical meaning the term can be found in the article "Milieu" in 
d'Alembert and Diderot's Encyclopedie. 1  Lamarck, inspired by Buffon, intro

duced it into biology, but he used it only in the plural. This usage was 
established by Henri de Blainville. Etienne Geoffroy Saint-Hilaire (in r 83 r )  
and Auguste Comte (in r 8 3 8) used the term in the singular, as  an abstract 

term. Honore de Balzac introduced it into literature in r 842 (in the preface 
to The Human Comedy), and Hippolyte Taine established it as one of the 
three principles of the analytic explanation of history-the other two being 

race and moment.2 It is from Taine, rather than from Lamarck, that French 
neo-Lamarckian biologists after r 87o-Alfred Giard, Felix Le Dantec, Fre

deric Houssay, Johann Costantin, Gaston Bonnier, and Louis Roule
inherited this term. The idea came from Lamarck, but the term, as universal 
and abstract, was transmitted to them by Taine. 

The French mechanists of the eighteenth century called "milieu" what 
Newton had referred to as "fluid." In Newton's physics, the type-if not 
the sole archetype-of fluid is ether.3 In Newton's time, the problem me
chanics had to solve was that of the action of distinct physical bodies at a 
distance. This was the fundamental problem in the physics of central forces. 
It was not an issue for Descartes, however. For him, there is but one mode 
of physical action, collision, in one possible physical situation, contact. This 
is why we can say that the notion of milieu has no place in Cartesian physics. 
Descartes' "subtle matter" is in no way a milieu. But there was difficulty in 
extending the Cartesian theory of collision and contact to the case of dis

tinct physical bodies, for their actions blend together. We thus understand 
how Newton came to pose the problem of the medium of action.4 For him, 
luminiferous ether is fluid as the medium of action at a distance. This ex
plains the passage from the notion of fluid as vehicle to that of its designa
tion as milieu. The fluid is an intermediary between two bodies; it is their 
milieu; and insofar as the fluid penetrates all these bodies, they are situated 
in the middle of it [au milieu de lut] . According to Newton and the physics 
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of central forces, one can speak of an environment, a milieu, because there 

exist centers of force. The notion of milieu is an essentially relative one. 

When we consider separately the body that receives an action transmitted 
by the milieu, we forget that a milieu is a medium, in between two centers, and 
we retain only its function as a centripetal transmitter, its position as that 
which surrounds a body. In this way, milieu tends to lose its relative mean
ing and to take on that of an absolute, a reality in itself. 

Newton is perhaps responsible for the importation of the term from 
physics into biology. He used ether not only to solve the problem of the 
phenomenon of illumination but also to explain the physiological phenome
non of vision and, finally, to explain the physiological effects of the sensa
tion of light, that is, muscular reactions. In his Optics, Newton considers 
ether to be continuous in the air, the eye, the nerves, and the muscles. It is 
thus the action of the milieu that guarantees the relation of dependence 
between the illumination of a perceived light source and the movement of 
the muscles by which man reacts to this sensation. This, it seems, is the first 
example of an organic reaction being explained by the action of a milieu, 
that is to say, by the action of a fluid strictly defined by physical properties.5 
Indeed, the aforementioned Encyclopedie article confirms this view and bor
rows all its examples of a milieu from Newton's physics. And it is in a purely 

mechanical sense that water is said to be a milieu for the fish that move 
about in it. It is also in this mechanical sense that Lamarck first uses the 
term. 

Lamarck always speaks of milieus-in the plural-by which he expressly 
means fluids like water, air, and light. When Lamarck wishes to designate 
the ensemble of actions that act on a living being from the outside-what 
we today call the milieu-he never says "milieu," but always "influencing 
circumstances."6 Consequently, circumstance is for Lamarck a genus, 
whose species are climate, place, and milieu. This is why Leon Brunschvicg, 
in Les etapes de la philosophie mathematique/ could write that Lamarck had 
borrowed from Newton the model for a physical-mathematical explanation 
of the living by a system of connections with its environment. The connec
tions between Lamarck and Newton are direct at the intellectual level and 
indirect historically. Buffon links Lamarck to Newton. We might simply 
recall that Lamarck was Buffon's student and the tutor of his son. 

Buffon in fact combines two influences in his conception of the relations 
between the organism and the milieu. The first is Newton's cosmology, of 
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which Buffon was a constant admirer.8 The second is  the tradition of an

thropo-geographers, which, after Machiavelli, Jean Bodin, and John Ar

buthnot, was kept alive in France by Montesquieu. The Hippocratic treatise 

On Airs, Waters, and Places can be considered the first work to have given a 

philosophical form to this anthropo-geographical conception.9 These are 
the two elements Buffon brought together in his principles of animal ethol

ogy, to the extent that the mores of animals are distinctive and specific 

characteristics and can be explained by the same method geographers use 

to explain the diversity of men-the variety of races and peoples on the 

earth's surface. ID 

Thus, as teacher and precursor to Lamarck in his theory of milieu, Buf

fon appears at the convergence of the two components of this theory: the 
mechanical and the anthropo-geographical. Here is posed a problem of 

epistemology and of the historical psychology of knowledge, a problem 

whose scope greatly exceeds the present example. Shouldn't we interpret 

the fact that two or more guiding ideas combine at a certain moment to 

form a single theory as a sign that-in the final analysis and despite their 

apparent differences-they have a common origin, whose meaning and very 

existence we forget when we consider separately their disjointed parts? We 

will return to this problem at the end of the present essay. 
The Newtonian origins of the notion of milieu thus suffice to account 

for its initial mechanical signification and the use that was first made of it. 

The origin determines the meaning and the meaning determines the usage, 
to such an extent that Comte, when proposing a general biological theory 

of milieu in r 8 3 8  (in the fortieth lesson of his Com-se of Positive Philosophy), 

had the impression he was using milieu as a neologism and claimed responsi

bility for erecting it into a universal and abstract notion of biological expla

nation. Comte says that by this term he no longer means only "the fluid 

into which a body is immersed" (thereby confirming the mechanical origins 

of the notion) but "the total ensemble of exterior circumstances necessary 

for the existence of each organism." But we also see in Comte-who has a 

perfectly clear sense of the origins of the notion, as well as of the import he 

would like to give to it in biology-that its usage will remain dominated by 

the mechanical origins of the notion, if not of the term. Indeed, it is quite 

interesting to notice that Comte is on the brink of forming a dialectical 

conception of the relations between the organism and the milieu. We are 
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alluding here to the passages in which he defines the relation of the "appro-

" d th " . bl · 1 · " " fl· f J: " d  th priate organism an e sUlta e rru leu as a con lct 0 lorces, an e 
act constituting that conflict as function. ! !  He posits that "the ambient sys
tem could not possibly modify the organism if the organism did not exert 
on it in turn a corresponding influence."  But, apart from the human species, 
he holds the organism's action on the milieu to be negligible. In the case of 
the human species, Comte, faithful to his philosophical conception of his
tory, admits that, by the intermediary of collective action, humanity mod
ifies its milieu. Still, for the living in general Comte refuses to consider this 
reaction of the organism on the milieu-judging it to be simply negligible. 
This is because he very explicitly looks for a guarantee of this dialectical 
link, this reciprocal relation between milieu and organism, in the Newton
ian principle of action and reaction. Indeed, from a mechanical point of 
view, the action of the living on the milieu is almost negligible. And Comte 
ends up posing the biological problem of the relations between the organ
ism and the milieu in the form of a mathematical problem: "In a given 
milieu, and given an organ, find the function-and vice versa. " The link 
between the organism and the milieu is thus that of a function to an ensem
ble of variables, an equation by way of which, "all other things being equal," 
one can determine the function by the variables, and each variable by the 
function. !2 

In the forty-third lesson of the Course of Positive Philosophy, Comte analy
ses the variables for which the milieu is the function. These variables are 
weight, air and water pressure, movement, heat, electricity, and chemical 
species-all factors that can be studied experimentally and quantified by 
measurements. The quality of an organism is reduced to an ensemble of 
quantities, despite Comte's professed distrust of the mathematical treat
ment of biological problems-a distrust that came to him from Bichat. 

In sum, the benefit of even a cursory history of the importation of the 
term milieu into biology during the first years of the nineteenth century is 
that it accounts for the originally strictly mechanistic acceptance of the 
term. If in Comte there appears a hint of an authentically biological accep
tance and a more flexible usage of the word, this immediately gives way to 
the prestige of mechanics, an exact science in which prediction is based on 
calculation. To Comte, the theory of milieu seems clearly to be a variant of 
the fundamental project that the Course of Positive Philosophy endeavors to 

complete: first the world, then man; to go from the world to man. If Comte 
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anticipates the idea of a subordination of the mechanical to the vital-the 
idea he would later formulate in mythical form in The System of Positive 

Polity and The Subjective Synthesis-here he nevertheless deliberately re

presses it. 

But there is still one lesson to be taken from the use-absolute and with

out qualification-of the term milieu as it was definitively established by 

Comte. The term would henceforth designate the equivalent of Lamarck's 

"circumstances" and Etienne Geoffroy Saint-Hilaire's "ambient milieu" (in 

his I 83 I thesis at the Academie des Sciences). These terms, circumstances 

and ambience, point to a certain intuition of a formation around a center. 

With the success of the term milieu, the representation of an indefinitely 

extendible line or plane, at once continuous and homogeneous, and with 

neither definite shape nor privileged position, prevailed over the represen

tation of a sphere or circle, which are qualitatively defined forms and, dare 

we say, attached to a fixed center of reference. Circumstances and ambience 

still retain a symbolic value, but milieu does not evoke any relation except 

that of a position endlessly negated by exteriority. The now refers to the 

before; the here refers to its beyond, and thus always and ceaselessly. The 

milieu is truly a pure system of relations without supports. 

From there one can understand the prestige of the notion of milieu for 

analytic scientific thought. The milieu becomes a universal instrument for 

the dissolution of individualized organic syntheses into the anonymity of 

universal elements and movements. When the French neo-Lamarckians 

borrowed from Lamarck, if not the term milieu in the singular and in its 

absolute sense, then at least the idea of it, they retained of the morphologi

cal characteristics and functions of the living only their formation by exte

rior conditioning-only, so to speak, their formation by deformation. It is 

enough to recall ]. Costantin's experiments on the forms of the arrowhead 

leaf or Frederic Houssay's experiments on the form, fins, and metamerism 

of fish. 13 Louis Roule was able to write, in his small book La vie des rivieres, 

that "fish do not lead their lives on their own; it is the river that makes them 

lead it; they are persons without personality." 14 We have here an example 

of what a strictly mechanist usage of the notion of milieu necessarily leads 

to. IS We are brought back to the theory of animal-machines. In the end, 

this is just what Descartes said, in saying of animals that "it is nature which 

acts in them by means of their organs ." 16 
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From r859 on-that is to say, after the publication of Darwin's The Origin 
of Species-the problem of the relations between organism and milieu is 
dominated by the polemic between Lamarckians and Darwinians. To un
derstand the meaning and importance of this polemic, it is necessary to 
recall the originality of their respective points of departure. 

In his r 809 Zoological Philosophy, Lamarck writes that if by action of cir
cumstances or milieus one takes him to mean direct action by the exterior 
milieu on the living, one is putting words into his mouthY It is via the 
intermediary of need, a subjective notion implying reference to a positive 
pole of vital values, that the milieu dominates and compels the evolution of 
living beings. Changes in circumstances lead to changes in needs; changes 
in needs lead to changes in actions. If these actions are long-lasting, the use 
or nonuse of certain organs causes the organs to develop or atrophy, and 
these morphological acquisitions or losses, obtained by individual habit, are 
preserved by the mechanism of heredity, on condition that the new mor
phological characteristic is common to both parents. 

According to Lamarck, the situation of the living in the milieu is distress
ful and distressed. Life exists in a milieu that ignores it, as two asynchronous 
series of events. Circumstances change on their own, and the living must 
take the initiative to make an effort not to be "dropped" by its milieu. Adap
tation is a renewed effort by life to continue to "stick" to an indifferent 
milieu. Since it is the result of an effort, adaptation is thus neither harmoni
ous nor providential; it is gained and never guaranteed. Lamarckism is not 
mechanist, and it would also be inaccurate to call it finalistic. In reality, it is 
a bare vitalism. There is an originality in life for which the milieu does not 
account and which it ignores . Here the milieu is truly exterior, in the proper 
sense of the word: it is foreign, it does nothing for life. This is truly a 
vitalism because it is a dualism. Life, says Bichat, is the ensemble of func
tions that resist death. In Lamarck's conception, life resists solely by de
forming itself so as to outlive itself. To our knowledge, no portrait of 
Lamarck, no summary of his doctrine, surpasses the one given by Charles 
Augustin Sainte-Beuve in his novel Volupte. 1 8  One sees how far one has to go 
to get from Lamarck's vitalism to the French neo-Lamarckians' mechanism. 
Edward Cope, an American neo-Lamarckian, was more faithful to the spirit 
of the doctrine. 

Darwin had a completely different idea of the environment of the living, 
as well as of the appearance of new forms. In the introduction to The Origin 
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of Species, he writes: "Naturalists continually refer to external conditions 
such as climate, food, etc. as the only possible cause of variation. In one 
limited sense, . . .  this may be true." 19  It seems that Darwin later regretted 
having attributed only a secondary role to the direct action of physical 
forces on the living. This comes across in his correspondence. Marcel Pre
nant, in his introduction to a collection of Darwin's texts, has published 
some particularly interesting passages on this topic.lo Darwin looks for the 
appearance of new forms in the conjunction of two mechanisms: one that 
produces differences, namely, variation; and one that reduces and tests the 
differences thereby produced, namely, the struggle for life and natural 
selection. The fundamental biological relation, in Darwin's eyes, is the rela
tion of one living being to others; it prevails over the relation between the 
living and the milieu conceived as an ensemble of physical forces. The first 
milieu an organism lives in is an entourage of living beings, which are for it 
enemies or allies, prey or predators. Between these living beings are estab
lished relations of use, destruction, and defense. In this competition of 
forces, accidental morphological variations count as advantages or disadvan
tages. And variation-the appearance of small morphological differences by 
which a descendant does not exactly resemble its ancestors-stems from a 
complex mechanism: the use or nonuse of organs (the Lamarckian factor 
applies only to adults), correlations or compensations in growth (for the 
young), or the direct action of the milieu (on germ seeds). 

In this sense, one can say that for Darwin, by contrast to Lamarck, the 
initiative to variation comes sometimes-but only sometimes-from the 
milieu. One gets a somewhat different idea of Darwin depending on 
whether one accentuates this action or not and whether one limits oneself 
to his classic works or instead considers the entirety of his thought, as re
vealed in his correspondence. In any case, for Darwin, to live is to submit 
an individual difference to the judgment of the ensemble of living beings. 
This judgment has only two possible outcomes: either death or becoming 
oneself part of the jury for a while. So long as one lives, one is always judge 
and judged. As a result, in Darwin's oeuvre as he left it to us, the thread 
linking the formation of the living being to the physico-chemical milieu can 
seem fairly thin. And when mutationism, a new theory of the evolution of 
species, used genetics to explain the appearance of immediately hereditary 
species variations (Darwin had underestimated this phenomenon), the role 
of the milieu was reduced to eliminating the worst without participating in 
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the production of new beings, normalized by their unpremeditated adapta
tion to new conditions of existence, monstrosity becoming the rule and 
originality a temporary banality. 

In the polemic between Lamarckians and Darwinians, the same argu
ments and objections are made in both directions and applied to both au
thors: finalism is denounced and mechanism celebrated sometimes in one, 

sometimes in the other. This is no doubt a sign that the question has been 

badly put. In Darwin, one can find finalism not in things themselves but in 
his choice of words-he has been frequently reproached for his term selec
tion. In Lamarck, it is less finalism than vitalism. Both are authentic biolo
gists, to whom life appears as a given that each seeks to characterize, instead 

of trying analytically to explain it. These two authentic biologists are com

plementary. Lamarck thinks of life in terms of duration, and Darwin thinks 
of it mostly in terms of interdependence: a living form presupposes a plural

ity of other forms in relation to it. The synoptic vision that is the essence 
of Darwin's genius is missing in Lamarck. Darwin is more closely related 

to the geographers, and we know how much he owed to his voyages and 

explorations. The milieu in which Darwin depicts the life of the living is a 

bio-geographical milieu. 

At the beginning of the nineteenth century, two names stand for the birth 
of geography as a science conscious of its method and dignity: Carl Ritter 

and Alexander von Humboldt. 

In 1 8 1 7, Ritter published his Comparative Geography.2 1 Humboldt pub
lished, during the decade beginning in 1 845, a book whose title, Kosmos, 

perfectly captures its spirit.2 2  In these two works are united the traditions of 
Greek geography: that is to say, on the one hand, the science of the human 

ecumene since Aristotle and Strabo, and on the other, the science of the co

ordination of human space in relation to celestial configurations and move

ments-the science of mathematical geography, which Eratosthenes, Hip

parchus, and Ptolemy are considered to have founded. 

According to Ritter, without man's relation to the land-to all land

human history is unintelligible. The earth, considered as a whole, is the 

stable ground for the vicissitudes of history. Terrestrial space and its con

figuration are, consequently, not only geometrical and geological objects of 

knowledge but also sociological and biological ones. 
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Humboldt was a naturalist-traveler, who repeatedly covered what it was 

possible to cover of the world in his time and who applied a whole system 

of barometric, thermometric, and other measurements to his investigations. 

Humboldt's interest was above all focused on the distribution of plants ac

cording to climate: he is the founder of botanical geography and zoological 

geography. Kosmos is a synthesis of knowledge concerning life on earth and 

the relations of life to the physical milieu. This synthesis does not aim to be 

an encyclopedia but rather to arrive at an intuition of the universe; it begins 

with a history of Weltanschauungen, with a history of the Cosmos whose 

equivalent it would be difficult to find in a work of philosophy. It is an 

absolutely remarkable overview. 
It is essential to note that Ritter and Humboldt applied to their object

the relations between historical man and milieu-the category of totality. 

Their object is the whole of humanity on the whole Earth. With Ritter and 

Humboldt, the idea of determining historical relations by the geographical 
substrate was consolidated in geography. It gave rise first to Friedrich Ratzel 

and anthropo-geography in Germany, and then to geopolitics. The idea 

then invaded history by contagion, starting with Michelet (let us recall his 

Le tableau de la France).23 Finally, as we have already said, Taine contributed 

to the spread of the idea to all milieus, including the literary milieu. We can 

sum up the spirit of this theory of the relations of geographical milieu to 

man by saying that doing history came to consist in reading a map, where 

this map is the figuration of an ensemble of metrical, geodesic, geological, 

and climatological data, as well as descriptive bio-geographical data. 

The treatment of anthropological and human ethological questions-a 
treatment that became more and more deterministic or, rather, mechanistic 

the farther one went from the spirit of its founders-was doubled by a paral

lel, if not exactly synchronous treatment in the domain of animal ethology. 

The mechanistic explanation of the organism's movements in the milieu 

succeeded the mechanistic interpretation of the formation of organic forms. 

Let us simply recall the works ofJacques Loeb and John B. Watson. Gener

alizing the conclusions of his research on phototropisms in animals, Loeb 

considered all movement of the organism to be movement forced on it by 

the milieu. The reflex, considered to be an elementary response of a seg

ment of the body to an elementary physical stimulus, is the simple mecha

nism whose composition allows one to explain all behaviors of the living. 
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Along with Darwinism, this exorbitant Cartesianism is incontestably at the 
origin of the postulates of behaviorist psychology.24 

Watson assigned to psychology the task of conducting analytic research 
into the conditions of the adaptation of the living to the milieu by experi
mentally producing excitation and response relations (the stimulus-response 
pair). There is a physical determinism in the relation between excitation 
and response. The biology of behavior is reduced to neurology, which itself 
is reducible to energetics, the science of energy. The evolution of Watson's 
thought led him from a conception that simply neglects consciousness as 
useless to one that nullifies it as illusory. The milieu thus comes to be in
vested with all power over individuals; its power [puissance] dominates and 
even abolishes that of heredity and genetic constitution. Since the milieu is 
given, the organism gives itself nothing it does not, in reality, already re
ceive. The situation of the living, its being in the world, is a condition or, 
more exactly, a conditioning. 

Albert Weiss intended to construct biology like a deductive physics, by 
proposing an electronic theory of behavior. It fell to the psycho-techni
cians-who expanded Taylorist techniques for timing movements through 
the analytic study of human reactions-to perfect the work of behaviorist 
psychology and constitute, through their science, man as a machine reacting 
to machines, as an organism determined by the "new milieu" (Friedmann). 

In short, because of its origins, the notion of milieu first developed and 
spread in a perfectly determined way, and we can say, applying to this no
tion the methodological norm it stands for, that its intellectual power was a 
function of the intellectual milieu in which it had been formed. The theory 
of milieu was at first the positive and apparently verifiable translation of 
Condillac's fable of the statue.25 When the air smells like roses, a statue is 
rose-scented. In the same way, the living, within the physical milieu, is light 
and heat, carbon and oxygen, calcium and weight. It responds by muscular 
contractions to sensory excitations; it responds with a scratch to an itch, 
with flight to an explosion. But one can and must ask: Where is the living? 
We see individuals, but these are objects; we see gestures, but these are 
displacements; centers, but these are environments; machinists, but these 
are machines. The milieu of behavior coincides with the geographical mi
lieu; the geographical milieu, with the physical milieu. 

It was normal, in the strong sense of the word, for this methodological 
norm to have first reached its limits and the occasion for its reversal in 



Tbe Living and Its Milieu 109 

geography. Geography has to do with complexes-complexes of elements 
whose actions mutually limit each other and in which the effects of causes 
become causes in turn, modifying the causes that gave rise to them. Trade 
winds are a typical example of a complex in this respect. They displace 
surface water that has been heated by contact with the air; the cold deep 

waters rise to the surface and cool the atmosphere; low temperatures engen
der low pressure, which generates winds; the cycle is

· 
closed and begins 

again. The same type of complex can be observed in plant geography. Vege
tation grows in natural ensembles, in which different species limit each 
other reciprocally and where, in consequence, each contributes to creating 
an equilibrium for the others. The ensemble of these plant species ends up 
constituting its own milieu. Thus the exchanges between plants and the 
atmosphere end up creating a sort of vapor screen around the vegetal zone, 
which limits the effect of radiation, and this cause gives rise to an effect that 
will in turn slow down the cause, and so on.26 

The same approaches must be applied to animals and to man. However, 
the human reaction to provocation by the milieu is diversified. Man can 

give several different solutions to a single problem posed by the milieu. The 
milieu proposes, without ever imposing, a solution. To be sure, in a given 
state of civilization and culture, the possibilities are not unlimited. But the 
fact of considering as an obstacle something that may later be seen as a 
means to action ultimately derives from the idea, the representation, that 
man (collective man, of course) builds himself out of his possibilities, his 
needs. In short, it results from what he represents to himself as desirable, 
which is inseparable from the ensemble of values. 27 

Thus, the relation between the milieu and the living being ends up re
versed. Man, as a historical being, becomes the creator of a geographical 
configuration; he becomes a geographical factor. We simply call to mind 
here that the works of Paul Vidal-Lablache, Jean Brunhes, Albert De
mangeon, and Lucien Febvre and his school have shown that, for man, there 
is no pure physical milieu. Within a human milieu, man is obviously sub
jected to a kind of determinism, but this is the determinism of artificial 
creations, from which the spirit of invention that brought them into exis
tence has been alienated. In the same line of thought, the work of Fried
mann shows how, in the new milieu that machines create for man, the same 
reversal has already been brought about. Pushed to the extreme limits of its 
ambition, the engineers' psycho-technics that descended from Taylor's 
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ideas succeeds in grasping, as an irreducible center of resistance, the pres

ence in man of man's own originality in the form of a sense of values. Even 

when subordinated to machines, man cannot apprehend himself as a ma

chine. His productive efficiency improves the better aware he is of his cen

trality with regard to mechanisms intended to serve him. 
Much earlier, the same reversal of the relation between organism and 

milieu had taken place in animal psychology and the study of behavior. 
Jacques Loeb led to Herbert Spencer Jennings, and John B .  Watson to Rob
ert Jacob Kantor and Edward C. Tolman. 

Here, the influence of pragmatism is obvious and well-established. If 
pragmatism served as an intermediary between Darwinism and behavior
ism-in one sense by generalizing and extending the notion of adaptation 
to the theory of knowledge, and in another by emphasizing the role of val
ues in relation to the interests of an action-John Dewey led the behavior
ists to see the reference of organic movements to the organism itself as 
essential. The organism is considered a being on which not everything can 
be imposed, because its existence as organism consists in its proposing itself 
to things on the basis of certain orientations that are proper to it. Tolman's 
teleological behaviorism, first developed by Kantor, consists in searching 
for and recognizing the meaning and intention of animal movement. What 
appears essential in the movement of reaction is that it persists, through a 
variety of phases, which can be errors or lapses, until the moment when the 
reaction either brings the excitation to an end and re-establishes rest or 
leads to a new series of acts, entirely different from those that have been 
concluded. 

Before Tolman, Jennings, in his theory of trial and error, had shown 
(against Loeb), that the animal does not react as a sum of distinct molecular 
reactions to a stimulant that can be divided into units of excitation. Instead, 
the animal reacts as a whole to total objects, and its reactions are regulators 
for the needs that govern them. Naturally, one must recognize here the 
considerable contribution of Gestalttheorie, and in particular of Kurt Koff
ka's distinction between the milieu of behavior and the geographical 
milieu.28 

Finally, the relation between organism and milieu is reversed in von Uex
ktill's studies of animal psychology and in Goldstein's studies of human pa
thology. Each of them makes this reversal with a lucidity that comes from 
a fully philosophical view of the problem. Von Uexktill and Goldstein agree 
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on this fundamental point: to study a living being in experimentally con
structed conditions is to make a milieu for it, to impose a milieu on it; yet 
it is characteristic of the living that it makes its milieu for itself, that it 
composes its milieu. Of course, we might still speak of interaction between 
the living and the milieu even from a materialist point of view-between 
one physico-chemical system cut out from a larger whole, and its environ
ment. But to speak of interaction does not suffice to annul the difference 
between a relation of the physical type and a relation of the biological type. 

From the biological point of view, one must understand that the relation
ship between the organism and the environment is the same as that between 
the parts and the whole of an organism. The individuality of the living does 
not stop at its ectodermic borders any more than it begins at the cell. The 
biological relationship between the being and its milieu is a functional rela
tionship, and thereby a mobile one; its terms successively exchange roles. 
The cell is a milieu for intracellular elements; it itself lives in an interior 
milieu, which is sometimes on the scale of the organ and sometimes of the 
organism; the organism itself lives in a milieu that, in a certain fashion, is 
to the organism what the organism is to its components. In order to judge 
biological problems, we thus require a biological sense, to whose formation 
von Uexktill and Goldstein can greatly contribute.29 

Von Uexktill chooses the words Umwelt, Umgebung, and Welt and distin
guishes between them with great care. Umwelt designates the milieu of be
havior proper to a certain organism; Umgebung is the banal geographical 
environment; Welt is the universe of science. The milieu of behavior proper 
to the living (Umwelt) is an ensemble of excitations, which have the value 
and signification of signals. To act on a living being, a physical excitation 
has not only to occur but also to be noticed. Consequently, insofar as the 
excitation acts on the living being, it presupposes the orientation of the 
living being's interest; the excitation comes not from the object but from 
the living. In order for the excitation to be effective, it must be anticipated 
by an attitude of the subject. If the living is not looking, it will not receive 
anything. A living being is not a machine, which responds to excitations 
with movements, it is a machinist, who responds to signals with operations. 
Naturally, this is not to contest that it happens through reflexes whose 

mechanism is physico-chemical. That is not where the question lies for the 
biologist. Rather, the question lies in the fact that out of the abundance of 
the physical milieu, which produces a theoretically unlimited number of 
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excitations, the animal retains only some signals (Merkmale). Its life rhythm 
orders the time of this Umwelt, just as it orders space. Along with Buffon, 
Lamarck used to say that time and favorable circumstances constitute the 
living bit by bit. Von Uexktill turns the relation around and says: time and 
favorable circumstances are relative to certain living beings. 

The Umwelt is thus an elective extraction from the Umgebung, the geo
graphical environment. But the environment is nothing other than the 
Umwelt of man, that is to say, the ordinary world of his perspective and 
pragmatic experience. Just as this Umgebung, this geographic environment 
external to the animal, is, in a sense, centered, ordered, oriented by a human 
subject-that is to say, a creator of techniques and a creator of values-the 
Umwelt of the animal is nothing other than a milieu centered in relation to 
that subject of vital values in which the living essentially consists. We must 
see at the root of this organization of the animal Umwelt a subjectivity anal
ogous to the one we are bound to see at the root of the human Umwelt. 

One of the most gripping examples cited by von Uexktill is the Umwelt of 
the tick. 

Ticks live off the warm blood of mammals. The adult female, after mat
ing, climbs to the end of a tree branch and waits. She can wait up to eighteen 
years. At the Rostock Institute of Zoology, ticks were kept alive in captivity 
without eating for eighteen years. When a mammal passes under the tick's 
lookout and hunting post, she drops down. It is the smell of rancid butter 
emanating from the animal's coetaneous glands that guides her. This is the 
only stimulant that can set off this falling movement. This is the first stage. 
When she has fallen onto the animal, she attaches herself there. If the odor 
of rancid butter has been artificially produced-on a table, for example
the tick will not stay there, but will climb back up to her observation post. 
Only the temperature of the blood keeps her on the animal. She is fixed to 
the animal by her thermal sense and, guided by her tactile sense, she seeks 
out places on the skin where there are no hairs. She buries her head there, 
and sucks the blood. Only at the moment when the mammal's blood enters 
into her stomach do the tick eggs (encapsulated ever since the moment of 
mating and capable of remaining encapsulated for eighteen years) open, 
mature, and develop. The tick can live for eighteen years to perform her 
reproductive function in several hours. It is noteworthy that, over a long 
period of time, the animal can remain totally indifferent, insensible to all 
the excitations that emanate from a milieu such as the forest, and that the 
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sole excitation that can release its movement-to the exclusion of all oth

ers-is the odor of rancid butter. 30 

A comparison with Goldstein is imperative here, for Goldstein bases his 

theory on a critique of the mechanical theory of reflexes. A reflex is not an 

isolated or gratuitous reaction. A reaction is always a function of the open

ing of a sense to stimulations, and of its orientation with regard to them. 

This orientation depends on the signification of a situation indistinct from 

this ensemble. Isolated stimuli have meaning for human science, but none 

for the sensibility of a living being. An animal in an experimental situation 

is in an abnormal situation, a situation it does not need according to its own 

norms; it has not chosen this situation, which is imposed on it. An organism 

is thus never equal to the theoretical totality of its possibilities. One cannot 

understand its actions without appealing to the notion of privileged behav

ior. "Privileged" does not mean objectively simpler-just the inverse. The 

animal finds it simpler to do what it privileges. It has its own vital norms. 

The relation between the living and the milieu establishes itself as a de

bate (Auseinandersetzung), to which the living brings its own proper norms 

of appreciating situations, both dominating the milieu and accommodating 

itself to it. This relation does not essentially consist (as one might think) in 

a struggle, in an opposition. That applies to the pathological state. A life 

that affirms itself against the milieu is a life already threatened. Movements 

of force-for example, reactions of muscular extension-translate the exte

rior's domination of the organismY A healthy life, a life confident in its 

existence, in its values, is a life of flexion, suppleness, almost softness. The 

situation of a living being commanded from the outside by the milieu is 

what Goldstein considers the archetype of a catastrophic situation. And that 

is the situation of the living in a laboratory. The relations between the living 

and the milieu as they are studied experimentally, objectively, are, among 

all possible relations, those that make the least sense biologically; they are 

pathological relations. Goldstein says that, in the organism, " 'meaning' and 

'being' are the same"; we can say that the being of an organism is its mean

ing. 32 Certainly, the living can and must be analyzed in physico-chemical 

terms. This has its theoretical and practical interest. But this analysis is a 

chapter in physics. In biology, everything is still to be done. Biology must 

first hold the living to be a significative being, and it must treat individuality 

not as an object but as an attribute within the order of values. To live is to 
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radiate; it is to organize the milieu from and around a center of reference, 
which cannot itself be referred to without losing its original meaning. 

While the relation between organism and milieu was being reversed in 
animal ethology and in the study of behavior, the explanation of morpho
logical characteristics was undergoing a revolution that led to the accep
tance of the autonomy of the living in relation to the milieu. We are 
alluding here to the well-known works ofWilliam Bateson, Lucien Cuenot, 
Thomas Hunt Morgan, Hermann Muller, and their collaborators, who took 
up and extended Gregor Mendel's research on hybridization and heredity.3 3  
In creating the science of genetics, they came to maintain that the acquisi
tion by the living being of its form and, hence, its function depends, in a 
given milieu, on its own hereditary potential and that the milieu's action on 
the phenotype leaves the genotype intact. The genetic explanation of he red
ity and evolution (the theory of mutations) converged with August Weis
mann's theory. Premature isolation of the germ-plasm during ontogenesis 
nullified the influence on the development of the species of somatic modi
fications determined by the milieu. Albert Brachet, in his La vie creatrice des 

formes, could write that "the milieu is not, properly speaking, an agent of 
formation, but rather of realization,"34 invoking as an example the variety 
of forms of oceanic living beings within an identical milieu. And Maurice 
Caullery concludes his discussion in Probieme de l'evolution by recognizing 
that evolution depends much more on the intrinsic properties of organisms 
than on the ambient milieu.3 5  

But we know that the conception of the total autonomy of hereditary 
genetic material has been criticized. One critique emphasized that nucleo
plasmatic disharmony tends to limit the hereditary omnipotence of genes. 
In sexual reproduction, although each parent supplies half of the genes, the 
mother supplies the egg cytoplasm. Now, the fact that offspring from the 
crossbreeding of two different species are not the same-depending on 
which of the species is the father or the mother-leads one to think that the 
genes' strength varies as a function of the cytoplasmic milieu. At the same 
time, H. Muller's experiments ( 192 7) inducing mutations in fruit flies 
through the action of a milieu of penetrative radiation (X-rays), seemed to 
shed light on how an organic phenomenon that has perhaps been too smugly 
used to highlight the separation of the organism from the environment can 
be conditioned from the outside. Finally, there was a renewal of Lamarck
ism in the polemics-at least as ideological as scientific-surrounding the 
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indignant repudiation of the "pseudo-science" of Russian geneticists, whom 
Trofim Lysenko led back to the "sound method" of Ivan Vladimirovich 

Michurin ( 1855-1935) .  Experiments on the vernalization of cultivated 

plants such as wheat and rye led Lysenko to affirm that hereditary modifi

cations can be obtained and reinforced by variations in conditions of nutri

tion, maintenance, and climate, leading to a dislocation or rupture of the 

hereditary constitution of the organism, wrongly supposed by geneticists to 

be stable. Insofar as we can summarize the complex experimental facts 

within our present scope, we can say that, according to Lysenko, heredity 

is dependent on metabolism and metabolism is dependent on conditions of 
existence. Heredity would thus be the assimilation, by the living, over the 
course of succeeding generations, of exterior conditions. The ideological 

commentaries surrounding these facts and this theory do indeed bring to 

light its sense, regardless of its ability to accommodate, or even to with
stand, the experimental counter-proofs and criticisms that are the rule in 

scientific discussion and that, of course, lie outside our competence.36 It 
seems that the technical-that is, agronomic-aspect of the problem is es

sential. The Mendelian theory of heredity, by establishing the spontaneous 

character of mutations, tends to damp human-and specifically Soviet

ambitions for the total domination of nature and to limit the possibility of 

intentionally altering living species. Finally, and above all, recognition of 
the milieu's determining action has a political and social impact: it autho

rizes man's unlimited action on himself via the intermediary of the milieu. 

It offers hope for an experimental renewal of human nature. It thus appears 

progressive in the highest degree. Theory and practice are inseparable, as 
befits Marxist-Leninist dialectics. One can then understand how it is that 

genetics could be charged with all the sins of racism and slavery, and Men

del presented as the head of a retrograde, capitalist, and idealist biology. 

It is clear that, although the heredity of acquired characteristics may have 

regained favor, this does not authorize one to designate the recent theories 

of Soviet biologists as Lamarckian without qualification. What is essential 

in Lamarck's ideas, as we have seen, is that the organism's adaptation to its 

milieu is attributed to the initiative of the organism's needs, efforts, and 

continual reactions. The milieu provokes the organism to orient its becom

ing by itself. Biological response by far exceeds physical stimulation. By 

rooting the phenomena of adaptation in need, which is at once pain and 
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impatience, Lamarck centered the indivisible totality of the organism and 
the milieu on the point where life coincides with its own sense, where, 
through its sensibility, the living situates itself absolutely, either positively 

or negatively, within existence. 

In Lamarck, as in the first theoreticians of the milieu, the notions of 
"circumstances" and "ambience" had a very different meaning from that in 

ordinary language. They evoked a spherical, centered arrangement. The 

terms influences and influencing circumstances, which Lamarck also used, take 

their meaning from astrological conceptions. When Buffon, in De la degenera

tion des ani7naux, speaks of "dye" from the sky, which man gradually re

ceives, he uses, no doubt unconsciously, a term borrowed from ParacelsusY 

The very notion of "climate" is, in the eighteenth century38 as well as at the 

beginning of the nineteenth, an undivided notion, at once geographical, 

astronomical, and astrological. The climate is the change in the sky's ap

pearance, degree by degree, from the equator to each pole, and it is also the 

influence that the sky exerts on the earth. 

We have already indicated that, in the beginning, the biological notion 

of the milieu combined an anthropo-geographical component with a me

chanical one. The anthropo-geographical component was even, in a sense, 

the entirety of the notion, for it included the astronomical component, 

which Newton had converted into a notion of celestial mechanics. At its 

origin, geography was, for the Greeks, the projection of the heavens onto 

the earth, the bringing into correspondence of the sky and the earth: a cor

respondence at once topographical (geometry with cosmography) and hier

archical (physics and astrology). The co-ordination of the parts of the earth, 

and the subordination to the sky of an earth whose area is coordinated, were 

underlain by an astro-biological intuition of the Cosmos. Greek geography 
had its philosophy-that of the Stoics.39 The intellectual relations between 

Posidonius, on the one hand, and Hipparchus, Strabo, and Ptolemy, on the 

other, are incontestable. What gives meaning to the geographical theory of 

milieu is the theory of universal sympathy, a vitalist intuition of universal 

determinism. This theory implies the comparison of the totality of things 

to an organism and the representation of this totality in the form of a 
sphere, centered on the situation of a privileged living being: man. This 

biocentric conception of the Cosmos persisted through the Middle Ages 

and blossomed in the Renaissance. 
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We know what became of the idea of the Cosmos with Copernicus, 
Kepler, and Galileo, and how dramatic the conflict was between the organic 

conception of the world and the conception of a universe decentered in 

relation to the ancient world's privileged center of reference, the land of 

living beings and man. From Galileo and Descartes on, one had to choose 

between two theories of milieu, that is, between two theories of space: a 

centered, qualified space, where the mi-lieu is a center; or a decentered, 

homogeneous space, where the mi-lieu is an intermediary field. Pascal's fa

mous text Disproportion of Man clearly shows the ambiguity of this term for 

a mind that cannot or does not want to choose between the need for existen

tial security and the demands of scientific knowledge.40 Pascal knows per

fectly well that the Cosmos has broken to pieces, but the eternal silence of 

infinite spaces terrifies him. Man is no longer in the middle [milieu] of the 

world, but he is a milieu (a milieu between two infinities, a milieu between 

nothing and everything, a milieu between two extremes41); the milieu is the 

state in which nature has placed us; we a1�e floating on a vast milieu; man is in 

prop017ion with parts of the world, he has a relation to all that he knows: "He 
needs space to contain him, time to exist in, motion to be alive, elements to 

constitute him, warmth and food for nourishment, air to breathe. He sees 

light, he feels bodies, everything in short is related to him."42 We thus see 

three meanings of milieu intervene here: medial situation, fluid of suste

nance, and vital environment. In developing the last sense of the term, Pas

cal presents his organic conception of the world, a return to Stoicism 

beyond and against Descartes: 

Since all things are both caused and causing, assisted and assisting, mediate and 

immediate, providing mutual support in a chain linking together naturally and 

imperceptibly the most distant and different things, I consider it as impossible to 

know the parts without knowing the whole as to know the whole without 

knowing the individual parts.43 

And when Pascal defines the universe as an "infinite sphere whose center is 

everywhere and circumference nowhere,"44 he paradoxically attempts, by 

using an image borrowed from the theosophical tradition, to reconcile the 

new scientific conception (which makes the universe an indefinite and un

differentiated milieu) with the ancient cosmological vision (which makes 

the world a finite totality connected to its center). The image Pascal uses 
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here is a permanent myth of mystical thought, a myth of Neo-Platonic ori
gin, in which the intuition of a spherical world centered on and by the living 
is combined with the already heliocentric cosmology of the Pythagoreans.45 

Up to and including Newton, there was no one who did not take from 
Jacob Boehme, Henry More ("the Platonist of Cambridge"), and their 
Neo-Platonist cosmology some symbolic representation of what a ubiqui
tous action radiating out from a center would be. Newtonian space and 
ether maintain an absolute quality, which the scholars of the eighteenth and 
nineteenth centuries were not able to recognize: space, as the means for 
God's omnipresence, and ether, as the support and vehicle of forces. New
tonian science, which was to underlie so many empiricist and relativist pro
fessions of faith, is founded on metaphysics. Its empiricism masks its 
theological foundations. And in this way, the natural philosophy at the ori
gin of the positivist and mechanicist conception of the milieu is in fact itself 
supported by the mystical intuition of a sphere of energy whose central 
action is identically present and effective at all points.46 

If today it seems completely normal to anyone trained in mathematics or 
physics that the ideal of the objectivity of knowledge demands a decentering 
of the vision of things, it also seems that the moment has come to under
stand that in biology, following the words of]. S .  Haldane in The Philosophy 

of a Biologist, "it is physics that is not an exact science." As Edouard Cia par
ede writes: "What distinguishes the animal is the fact that it is a center in 
relation to ambient forces that are, in relation to it, no more than stimulants 
or signals; a center, that is to say, a system with internal regulation, whose 
reactions are determined by an internal cause: momentary need. "47 In this 
sense, the milieu on which the organism depends is structured, organized, 
by the organism itself. What the milieu offers the living is a function of 
demand. It is for this reason that, within what appears to man as a single 
milieu, various living beings carve out their specific and singular milieus in 
incomparable ways. Moreover, as a living being, man does not escape from 
the general law of living beings. The milieu proper to man is the world of 
his perception-in other words, the field of his pragmatic experience, the 
field in which his actions, oriented and regulated by the values immanent 
to his tendencies, pick out quality-bearing objects and situate them in rela
tion to each other and to him. Thus the environment to which he is sup
posed to react is originally centered on him and by him. 
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Yet man as  scientist and bearer of  knowledge constructs a universe of 
phenomena and laws that he holds to be an absolute universe. The essential 
function of science is to devalorize the qualities of objects that comprise the 
milieu proper to man; science presents itself as the general theory of a real, 
that is to say, inhuman milieu. Sensory data are disqualified, quantified, 
identified. The imperceptible is presumed, and then detected and proven. 
Measurements substitute for appreciations, laws for habits, causality for hi
erarchy, and the objective for the subjective. 

Hence the universe of the scientist [l'homme savant] . Einstein's physics is 
its ideal representation: a universe whose fundamental equations of intelligi
bility are the same, no matter what the system of reference may be. Because 
this universe maintains a direct relation to the milieu proper to living man
albeit a relation of negation and reduction-it confers upon this proper 
milieu a sort of privilege over the milieus proper to other living beings. 
Despite finding his ordinary perceptual experience contradicted and cor
rected by scientific research, living man [l'homme vivant] draws from his 

relation to the scientist [l'homme savant] a sort of unconscious self-conceit, 
which makes him prefer his own milieu over the milieus of other living 
beings, as having more reality and not just a different value. In fact, as a 
proper milieu for comportment and life, the milieu of man's sensory and 
technical values does not in itself have more reality than the milieus proper 
to the woodlouse or the gray mouse. In all rigor, the qualification real can 
be applied only to the absolute universe, the universal milieu of elements 
and movements disclosed by science. Its recognition as real is necessarily 
accompanied by the disqualification, as illusions or vital errors, of all subjec
tively centered proper milieus, including that of man. 

The claim of science to dissolve living beings, which are centers of orga
nization, adaptation, and invention, into the anonymity of the mechanical, 
physical, and chemical environment must be integral-that is, it must en
compass the human living himself. We know well that this project did not 
appear too audacious to many scientists. But we must then ask, from a philo
sophical point of view, whether the origin of science does not reveal its 

meaning better than the claims of certain scientists do. In a humanity to 
which, from the scientific and even the materialist point of view, innate 
knowledge is rightly refused, the birth, becoming, and progress of science 
must be understood as a sort of enterprise as adventurous as life. Otherwise, 
one would have to admit the absurdity that reality contains the science of 
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reality beforehand, as a part of itself. And we would then have to wonder to 

which among the needs of reality this ambition to determine reality scien

tifically could correspond. 
But if science is the work of a humanity rooted in life before being en

lightened by knowledge, if science is a fact in the world at the same time as 
it is a vision of the world, then it maintains a permanent and obligatory 
relation with perception. And thus the milieu proper to men is not situated 
within the universal milieu as contents in a container. A center does not 
resolve into its environment. A living being is not reducible to a crossroads 
of influences . From this stems the insufficiency of any biology that, in com
plete submission to the spirit of the physico-chemical sciences, would seek 
to eliminate all consideration of sense from its domain. From the biological 
and psychological point of view, a sense is an appreciation of values in rela
tion to a need. And for the one who experiences and lives it, a need is an 
irreducible, and thereby absolute, system of reference. 



S I X 

The Normal and the Pathological 

A physician's thought and activity are incomprehensible without the con
cepts of the normal and the pathological. Yet a great deal is needed in order 
for these concepts to become as clear to medical judgment as they are indis
pensable to it. Is "pathological" the same concept as "abnormal"? Is it the 
contrary to or the contradictory of "normal"? Is "normal" the same 's 
"healthy"? Is "anomaly" the same thing as "abnormality"? And what are 
we to think of monsters? Supposing that the concept of the pathological 
could be adequately delineated from its related concepts, would one con
sider daltonism to be a pathological situation on a level with angina pectoris, 
or blue baby syndrome with malaria? Would one believe that, other than 
the mere identity of the adjective that qualifies them in human language, 
there exists an identity between an infirmity within the order of the life of 
relation and a permanent threat to vegetative life? Human life can have 
a biological meaning, a social meaning, and an existential meaning. In an 
assessment of the modifications that disease inflicts on the living human 

1 2 1  
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being, all these meanings can equally be retained. A man does not live only 

like a tree or a rabbit. 
The ambiguity of the term normal has often been noted. Sometimes it 

designates a fact that can be described through statistical sampling; it refers 

to the mean of measurements made of a trait displayed by a species and to 

the plurality of individuals displaying this trait-either in accordance with 

the mean or with certain divergences considered insignificant. And yet it 

also sometimes designates an ideal, a positive principle of evaluation, in the 

sense of a prototype or a perfect form. The fact that these two meanings 

are always linked, so that the term normal is always unclear, comes out even 

in the advice we are given to help us avoid this ambiguity. l Nonetheless, it 

is perhaps more urgent to look for the causes of this ambiguity in order 

to understand its renewed vitality and to take from it lessons rather than 

advice. 

What is fundamentally at stake is as much the object of biology as of the 

art of medicine. In his Recherches sur la vie et la mort (r 800) ,  Bichat locates 

the distinctive characteristic of organisms in the instability of vital forces, 

in the irregularity of vital phenomena-in contrast to the uniformity of 

physical phenomena.2 In his Anatomie generale ( r80 r), he remarks that there 

is no pathological astronomy, dynamics, or hydraulics, because physical 

properties never diverge from their "natural type" and thus do not need to 

be restored to it.3 The essentials of Bichat's vitalism lie in these two re

marks. But since for the last hundred years or so to call a medical theory 

vitalist has been to disparage it, these remarks have not been given the at

tention they deserve. However, it is time to be done with the accusation of 

metaphysics (hence of fantasy, if not worse) that still pursues the vitalist 

biologists of the eighteenth century. In fact-and we could easily show this 

on another occasion-vitalism rejected two metaphysical interpretations of 

the causes of organic phenomena: animism and mechanism. All the eigh

teenth-century vitalists were Newtonians, men who resisted hypotheses 

about the essences of phenomena and thought they had only to describe 

and coordinate effects as they perceived them, directly and without bias . 

Vitalism simply recognizes the original aspect of the vital fact. In this sense, 

Bichat's remarks linking the two characteristics of irregularity and patho

logical alteration to vital organization as a specific fact appear to us worthy 

of careful reconsideration. 
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In essence, the question is whether, when considering the living being, 
we should treat it as a system of laws or as an organization of properties, 
whether we should speak of the laws of life or of an order of life. Too often, 
scientists hold the laws of nature to be essentially invariant. They treat sin
gular phenomena as approximate copies, which fail to reproduce these laws' 
supposed lawful reality in its entirety. From this perspective, the singular
that is, the divergence, the variation-appears to be a failure, a defect, an 
impurity. The singular is thus always irregular, but that is at the same time 
perfectly absurd, for no one can understand how a law whose reality is guar
anteed by its invariance or self-identity could be at once verified by diverse 
examples and powerless to reduce their variety, that is, their infidelity. This 
is because, despite modern science's substitution of the notion of law for 
that of genus, the first of these concepts carries over from the second (and 
from the philosophy in which the latter held an eminent place) the meaning 
of an immutable and real type, such that the relationship of law to phenom
enon (the law of gravity and the falling shard that killed Pyrrhus) is always 
conceived on the model of the relation between genus and individual (Man 
and Pyrrhus). We thus see, without any intentional paradox or irony, the 
reappearance of a famous problem of the Middle Ages, the problem of the 
nature of Universals. 

This did not escape Claude Bernard's attention. In his Principes de mede

cine experimen tale , Bernard dedicates to the problem of the reality of the 
type and the relations of the individual to the type (as a function of the 
problem of the individual relativity of pathological facts) some pages richer 
in invitations to reflection than in responses proper.4 We intentionally in

voke Claude Bernard, rather than anyone else, because we lmow how much 
effort, in the Introduction it l'etude de la medecine experimentale as well as in 
the Principes de medecine experimentale,5 he put into affirming the legality 
of vital phenomena, their consistency as being as inflexible, under defined 
conditions, as that of physical phenomena: in short, the effort he put into 
thus refuting Bichat's vitalism, which he considered an indeterminism. 
Well, precisely in the Principes Bernard observes that if "truth is in the type, 
reality is always outside this type and constantly differs from it. To the phy
sician, this is very important, for he always deals with the individual. There 
is no medicine of the human type, of the human species."  The theoretical 
and practical issue thus becomes to study "the relations between the indi
vidual and the type." This relation appears to be as follows: "Nature has an 
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ideal type for all things, this is certain; yet this type is never realized. If it 
were realized, then there would be no individuals, and everyone would re
semble one another. " The relation that constitutes the particularity of each 
being, each physiological or pathological state, is "the key to the idiosyn
crasy upon which all medicine rests."6 But at the same time as it is a key, 
this relation is an obstacle. The obstacle to biology and experimental medi
cine resides in individuality: one does not encounter this sort of difficulty 
when experimenting on purely physical entities. For this reason, Claude 
Bernard tried to enumerate all the causes that are linked to the fact of indi
viduality and that alter, in space and time, the reactions of apparently similar 
living beings to apparently identical conditions of existence. 

Despite Bernard's prestige among physicians and physiologists,? we will 
not hesitate to formulate certain limitations in the aforecited reflections. 
The recognition of individual, atypical, irregular existents as the basis of 
the pathological case is, all in all, a fine if involuntary homage to Bichat's 
perspicacity. But this homage could never be total, on account of Bernard's 
belief in a fundamental lawfulness of life, analogous to that of matter. This 
belief does not necessarily bear witness to all the sagacity for which he is 
usually recognized. After all, to affirm that truth is in the type but reality 
outside of it, that nature has types but that they are not realized-is this not 
to render knowledge powerless to grasp the real? Doesn't it justify Aristot
le's objection to Plato-namely, that if one separates Ideas from Things, 
one cannot account for the existence of things or for the science of Ideas? 
What's more, to see individuality as "one of the most considerable obstacles 
to biology and experimental medicine" -isn't this a somewhat naive misun
derstanding of the fact that science's obstacles and objects are one and the 
same? If the object of science is not an obstacle to overcome, a "difficulty" 
in the Cartesian sense, a problem to solve, then what is it? We might as 
well say that the discontinuity between whole numbers is an obstacle to 
arithmetic. The truth is that Bernard's biology includes a fully Platonic con
ception of laws, coupled with a deep sense of individuality. Since this sense 
does not accord with that conception, we have reason to wonder whether 
the famous "experimental method" is not merely an avatar of traditional 
metaphysics. And we could find an argument in support of this proposition 
in Bernard's well-known aversion to statistical calculations, which, as we 
know, have long played an important role in biology. This aversion is a 
symptom of his inability to conceive the relation of the individual to the 
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type as anything other than the alteration of an ideal perfection, posited 
as a fully realized [achevee] essence prior to any attempt at production by 
reproduction. 

We will now inquire whether by considering life as an order of properties 
we might not come closer to understanding certain difficulties that cannot 
be solved from within the other perspective. By "order of properties," we 
mean an organization of forces and a hierarchy of functions whose stability 
is necessarily precarious, for it is the solution to a problem of equilibrium, 
compensation, and compromise between different and competing powers. 
From such a perspective, irregularity and anomaly are conceived not as acci
dents affecting an individual but as its very existence. Leibniz baptized this 
fact-without really explaining it-the "principle of the identity of indis
cernibles," affirming that no two individuals are completely alike and differ 
solo numero.8 From this, we understand that, if individuals of the same spe
cies remain distinct and not interchangeable, this is because they are so de 
jure. Only within a hypothesis that conceives the laws of nature to be ge
neric, eternal essences is the individual a provisional and regrettable irratio
nality. That hypothesis presents divergence as an "aberration" that human 
calculation cannot reduce to the strict identity of a simple formula; its expla
nation makes of divergence the error, failure, or prodigality of a nature 
considered at once intelligent enough to proceed in simple ways and too 
rich to resolve to conform to its own economy. However, for us a living 
species is viable only to the extent that it shows itself to be fecund, that is, 
productive of novelties, however imperceptible these may be at first sight. 
It is well known that species near their end once they have committed them
selves to irreversible and inflexible directions and have presented themselves 
in rigid forms. In short, individual singularity can be interpreted either as a 
failure or as an attempt, as a fault or as an adventure. In the latter hypothe
sis, the human mind makes no negative value judgment, precisely because, 
as attempts or adventures, living forms are considered not beings referable 

to a real, pre-established type but organizations whose validity (that is, 
value) must be referred to the eventual success of their life. It is because 
value is in the living being that no value judgment is made on it. Therein 
lies the profound meaning of the identity between value and health, to 
which language attests: valere, in Latin, means "to be well ." At this point 
the term anomaly takes back the same, nonpejorative meaning as the corre
sponding (and no longer in use) adjective anomal, which was frequently 
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utilized in the eighteenth century by naturalists, notably Buffon, and even 

late into the nineteenth century, by Cournot.9 Etymologically, an anomaly 
is an inequality, a difference in degree. The anomal is simply the different. 

In support of the preceding analysis, we would like to invoke two inter

esting orientations in contemporary biology. We know that today experi

mental embryology and teratology consider the production and study of 

monstrosities to offer insight into the mechanisms of egg development. ID 

Here we find ourselves at the true antipodes of the Aristotelian theory of 

monstrosity, which is fixist and ontological. Aristotle would not have sought 

a law of nature in what he considered failures of living organization; for a 

conception of nature as a hierarchy of eternal forms, this is logical. In

versely, however, if we hold the living world to be an attempt at the hier

archization of possible forms, then there is no in itself a priori difference 

between a successful form and a failed form [forme manquee] . Properly 

speaking, there are no failed forms. Nothing can be lacking [manque] to a 

living being once we accept that there are a thousand and one different ways 

of living. Just as in war and politics there is no definitive victory, but only a 

relative and precarious superiority or equilibrium, so in the order of life 

there are no successes that radically devalorize other attempts and make 

them appear failed. All successes are threatened, since individuals and even 

species die. Successes are delayed failures; failures are aborted successes. 

What decides the value of a form is what becomes of it. 1 1  All living forms 

are, to use Louis Roule's expression in Les poissons, "normalized monsters."1 2  

Or, as Gabriel Tarde puts it in L 'opposition universelle, "the normal is the 

zero of monstrosity," with zero here meaning the vanishing point. 1 3  The 

terms of the classical relation of reference are thus inverted. 
It is in the same spirit that we should understand the relationship estab

lished by certain contemporary biologists between the appearance of muta

tions and the mechanism of the genesis of species. Genetics, which 

originally served to refute Darwinism, is today widely used to confirm and 

renew it. According to Georges Teissier, every species, even in the wild, 

includes, along with "normal" individuals, some original or eccentric ones, 

carriers of certain mutant genes. 14  Within any given species, we must allow 

for a certain gene fluctuation, on which depends the plasticity of the species' 

adaptation, that is, its evolutionary power. Without being able to decide 

whether there exist mutation genes, whose presence would multiply other 
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genes' latitude for mutation (as some have thought can be  identified in cer

tain plants), we must note that different genotypes-the lineages of a given 

species-present different "values" in relation to ambient circumstances. 
Selection, that is, screening by the milieu, is sometimes conservative in sta

ble circumstances and sometimes innovative in critical circumstances. At 

certain times, "the riskiest attempts are possible and licit." Taking into con

sideration novelty and unforeseen circumstances-and the tasks they 

impose-an animal may inherit apparatuses that support henceforth indis

pensable functions, or it may inherit organs that have become devoid of 

value. "Animals and plants merit admiration as much as criticism." But they 

live and reproduce, and this alone matters. In this way we understand how 

it is that many species have become extinct, while others "that were possible 

were never realized." 

We can therefore conclude that the term normal has no properly absolute 

or essential meaning. In an earlier work, we proposed that neither the living 

being nor the milieu can be called "normal" if we consider them sepa

rately. I s Only by considering them in relation can we maintain the guiding 

thread without which we would necessarily have to treat as abnormal (that 

is to say, we believe, pathological) every anomal individual, every carrier of 

anomalies-every individual aberrant in relation to a specific, statistically 

defined type. Insofar as the anomal living being ultimately reveals itself to 

have been a mutant at first tolerated and then invasive, the exception be

comes the rule, in the statistical sense of the word. But even as biological 

invention appears to be an exception to the current statistical norm, this 

invention must be normal in a different, though unknown sense. Otherwise, 
one would arrive at the biological contradiction that the pathological could 

engender the normal through reproduction. 

Through the conjunction of genetic fluctuations with oscillations in 

quantitative and qualitative conditions of existence or their geographic dis

tribution, we can grasp that the normal sometimes signifies an average trait, 

from which any divergence will be rarer the more perceptible it is, and 

sometimes a trait whose vital importance and value will be revealed by re

production, the maintenance and multiplication of beings. In the latter 
sense, the normal must be called an institutor of the norm, or normative: it 
is prototypical and no longer simply archetypal. And this second sense must 

normally underlie the first. 
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We are not losing sight here of the fact that what interests a physician is 
man. We know that the problems of anomaly, monstrosity, and mutation 
are posed in man in the same terms as in the animal. It is enough to mention 
some of the most common cases: albinism, syndactylia, hemophilia, dalton
ism. We also know that the majority of these anomalies are regarded as 
inferior, and we might be surprised at not seeing them eliminated by selec
tion if we did not know, on the one hand, that mutation incessantly renews 
them, and, on the other (and above all), that the human milieu always some
how shelters them and compensates, with its artifices, for the manifest defi
cit these anomalies represent with respect to their corresponding "normal" 
forms. Indeed, it should not be forgotten that, in human conditions of life, 
social norms of custom are substituted for biological norms of practice. Al
ready the consideration of domestication as a biological milieu, as Edmond 
Dechambre calls it, shows us that the life of domestic animals tolerates 
anomalies that would have been pitilessly eliminated in the wild. Most do
mesticated species-the dog, for example-are remarkably unstable. This 
has made some authors wonder whether this instability might not be the 
sign of something that causes these species' domestication: the sign, for 
example, of a hidden lower resistance that would explain the elective success 
of domestication for these species as opposed to others, at least as well as 
would man's pragmatic aims. If, then, it is true that anomaly, an individual 
variation on a specific theme, becomes pathological only in relation to a 
milieu of life and a kind of life,  then the problem of the pathological in man 
cannot remain strictly biological, for human activity, work, and culture have 
the immediate effect of constantly altering the milieu of human life. The 
history proper to man modifies problems. In a sense, there is no natural 
selection in the human species, to the extent that man can create new mi
lieus instead of passively submitting to changes in the old ones. And in 
another sense:, selection in man has reached the limit of its perfection, to 
the extent that man is the living being capable of existence, resistance, as 
well as technical and cultural activity, in all milieus. 

We do not think that the form of this problem changes when we go from 
morphological anomaly to functional disease, for example, from daltonism 
to asthma, for it is possible to find multiple intermediaries between the 
twO. 16  In particular, one can find cases of constitutional or essential diseases 
(e.g. , hypertension) for which a possible relation to certain as yet undiscov
ered "microanomalies" cannot a priori be denied and which may one day 
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reveal a link between teratology and pathology. Just as a morphological 
anomaly (a simple factual difference) can become pathological-that is to 
say, can take on a negative vital value when its effects are assessed in relation 

to a defined milieu in which certain tasks have become unavoidable for the 
living being-so the divergence of a physiological constant (e.g., cardiac 
pulsations, arterial tension, basal metabolic rate, nycthemeral temperature 

rhythm) does not in itself constitute a pathological fact. But it becomes one 

at a moment that is very difficult to determine objectively and in advance. 

This is why authors as different from one another as Henri Laugier, Henry 

Sigerist, and Kurt Goldstein think we cannot determine the normal by sim
ple reference to a statistic mean but only by comparing the individual to 
itself, either in identical successive situations or in varied situations. I? On 
this point, no author seems as instructive as Goldstein. A norm, he tells us, 

must help us understand concrete individual cases. It is thus worth less for 

its descriptive content-as a summary of phenomena, symptoms on which 
a diagnosis is founded-than for its revelation of the total comportment of 

an organism, which has been modified in the sense of a disorder, in the 

sense of the appearance of catastrophic reactions. An alteration in the symp

tomatic content does not appear to be a disease until the moment when the 

being's existence, hitherto in equilibrium with its milieu, becomes danger
ously troubled. What was adequate for the normal organism, in its relations 

to the environment, becomes inadequate or perilous for the modified or

ganism. It is the totality of the organism that reacts "catastrophically" to the 

milieu, as it becomes henceforth incapable of actualizing the possibilities of 

activity essentially belonging to it. Adaptation to a personal milieu is one of 

the fundamental presuppositions of health. I S  

Such a conception may appear paradoxical, since it tends to direct the 

physician's attention to facts subjectively experienced by the patient or to 

events (such as disturbance, inadequacy, catastrophe, or danger) more apt to 

be appreciated than measured or objectively disclosed. According to Rent� 

Leriche, who defines health as "life lived in the silence of organs," it does 

not suffice to define disease as that which impedes men in their occupations. 

And doubtless we could think that his formula "to define disease we must 

dehumanize it" constitutes a refutation of Goldstein's theses. Yet it is hardly 

so simple-Leriche also writes that "Under the same anatomical exterior 

one may either be sick or not . . . . In itself, a lesion does not constitute a 
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clinical disease, a disease of the patient. " This is an affirmation of the pri

macy of the physiological over the anatomical. But it is not a physiology 

that takes the rabbit or the dog as its object; it is a physiology of the total 

man, who suffers, for example, in "the conflict between a stimulant and the 
entire individual,"  a physiology that necessarily leads to a consideration of 
man's overall comportment in the world. 19 

A possible mediation between Goldstein's and Leriche's theses can be 
found in the works of Hans Selye.20 Selye observes that when failures and 
deregulations of comportment (e.g., emotion or fatigue) repeatedly engen
der states of organic tension, they provoke a structural modification in the 
suprarenal cortex. This modification is analogous to the one caused by any 
insertion of pure hormonal substances in massive doses or of impure or 
toxic substances into the interior milieu. Every organic state of stress or 
unordered tension provokes this suprarenal reaction. If it is normal, given 
the role of corticosterone in the organism, that every situation of stress 
causes a suprarenal reaction, it is conceivable that every prolonged cata
strophic comportment could result first in functional disease (e.g., hyper
tension), and then in a morphological lesion (e.g. , a stomach ulcer). From 
Goldstein's point of view, disease lies in the catastrophic comportment; 
from Leriche's point of view, it lies in the production of a histological 
anomaly by a physiological disorder. These two points of view are by no 
means exclusive-quite the contrary. It is no use appealing to a reciprocal 
causality here, for we have no clear knowledge of the effect of the psychic 
on the functional and the morphological, or vice versa; we simultaneously 
observe two sorts of perturbation. 

In any case, when we individualize the norm and the normal, we seem to 
erase the boundaries between the normal and the pathological. In so doing, 
we seem to be strengthening a commonplace that is frequently invoked 
because it has the invaluable advantage of actually suppressing the problem 
in the guise of finding a solution to it. If what is normal here can be patho
logical there, it is tempting to conclude that there is no boundary between 
the normal and the pathological. Fine-if by this we mean that from one 
individual to the next the relativity of the normal is the rule. But this does 
not mean that for a given individual the distinction is not absolute. When 
an individual begins to feel sick, to call himself sick, to comport himself as 
a sick man, he has passed into a different universe and become a different 
man. The relativity of the normal must in no way encourage the physician, 
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in confusion, to nullify the distinction between the normal and the patho

logical. This confusion is often decked out with the prestige of a thesis 
essential to Bernard's thought, according to which the pathological state is 
homogeneous with the normal state and differs from it only as a quantitative 
variation. This positivist thesis, whose roots go back beyond the eighteenth 
century and Scottish physician John Brown to Francis Glisson and the first 
sketches of the theory of irritability, was popularized before Bernard by 
Franc;ois Broussais and Auguste Comte. In fact, if one examines pathologi
cal facts in the detail of symptoms and anatomo-physiological mechanisms, 
there indeed exist numerous cases where the normal and the pathological 
appear to be simple quantitative variations on a phenomenon that is homo
geneous in the two forms (e.g. ,  glycemia in diabetes). Yet this atomistic 
pathology, though perhaps pedagogically inevitable, remains theoretically 
and practically contestable.2 1 Considered in its entirety, an organism is 
"other" when it is diseased and not the same save for certain dimensions 
(e.g., diabetes must be thought of as a nutritional disease, in which glucid 

metabolism depends on multiple factors coordinated by the indivisible 
action of the endocrinal system-and, in general, nutritional diseases are 
functional diseases related to deficiencies in dietary regimes). This is 
what Leriche recognizes when he writes: "In man, disease is always an 
ensemble . . . .  "What produces it touches the ordinary forces [ressorts] of life 

within us in such a subtle fashion that their responses are less a deviated 
physiology than a new one ."  

It  now appears possible to respond with some hope of  clarity to the ques
tions posed at the beginning of these considerations. We cannot say that 
the concept of the "pathological" is the logical contradictory of the concept 
"normal," for life in the pathological state is not the absence of norms but 
the presence of other norms. Rigorously speaking, "pathological" is the 
vital contrary of "healthy" and not the logical contradictory of "normal."22 
In the French word abnormal, the prefix ab- usually indicates distortion. To 
be convinced of this, it is enough to relate the French term to the respective 
terms in other languages: in Latin, abnormis, abnormitas; in German, abnorm, 

Abnormitiit; or in English, abnormal, abnormality. Disease-the pathological 
state-is not the loss of a norm but the aspect of a life regulated by norms 
that are vitally inferior or depreciated, insofar as they prevent the living 
being from an active and comfortable participation, generative of confi
dence and assurance, in the kind of life previously belonging to it and still 
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permitted to others. One could object, as has been done, that by speaking 

of inferiority and depreciation we are bringing in purely subjective notions. 

Yet this is a matter not of individual but of universal subjectivity. If there is 

any objective sign of this universal subjective reaction to divergence, that is, 

to vital depreciation in disease, it is precisely the existence, coextensive in 
space and time with humanity, of medicine as a more or less scientific tech
nique for healing diseases. 

As Goldstein puts it, the norms of pathological life are those that oblige 
the organism to henceforth live in a "shrunken" milieu, which differs quali
tatively, structurally, from its former milieu of life; the organism is obliged 
by its incapacity to confront the demands of new milieus (in the form of 
reactions or undertakings dictated by new situations) to live exclusively in 
this shrunken milieu. Now, to live, already for animals and even more so 
for man, is not merely to vegetate and conserve oneself. It is to confront 
risks and to triumph over them. Especially in man, health is precisely a 
certain latitude, a certain play in the norms of life and behavior. What char
acterizes health is a capacity to tolerate variations in norms on which only 
the stability of situations and milieus-seemingly guaranteed yet in fact al
ways necessarily precarious-confers a deceptive value of definitive nor
malcy. Man is truly healthy only when he is capable of several norms, when 
he is more than normal. The measure of health is a certain capacity to 
overcome organic crises and to establish a new physiological order, different 
from the old. Health is the luxury of being able to fall ill and recover. Every 
disease is, by contrast, a reduction of the power to overcome others. The 
economic success of life-insurance policies depends fundamentally on the 
fact that health is, biologically speaking, insurance in life-which usually 
remains within its range of possibilities but is potentially superior to its 
"normal" capacities.23 

We do not think that these views on the problem of physiopathology 
are refuted when confronted with the problem of psychopathology. On the 

contrary-it is a fact that psychiatrists have better reflected on the problem 
of the normal than physicians have. Among them, many have recognized 
that a mentally ill person is an "other" person, not merely a person whose 
disturbance is an extension or enlargement of the normal psyche.24 In this 
domain, the abnormal is truly in possession of other norms. But most of the 
time, when speaking of abnormal directions or representations, the psychol
ogist or psychiatrist has in mind, as "normal," a certain form of adaptation 
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to the real or to life, one that has no absolute meaning-except, that is, for 
those who have never had an inkling of the relativity of technical, economic, 
or cultural values, who adhere without reservation to the value of these 
values, and who, in the end, forgetting their own conditioning by their sur
roundings and by the history of these surroundings, and thinking in too 
good faith that they themselves incarnate the norm of these norms, show 
themselves to any thinking even a bit critical to be the victims of an illusion 
very near to what they denounce as madness. And just as in biology one 
sometimes loses the guiding thread that allows one to distinguish between 
progressive anomaly and regressive disease in the case of a somatic or func
tional singularity, so it also often happens in psychology that one loses the 
guiding thread that allows one to distinguish between madness and genius 
in the case of inadaptations to a given milieu of culture. Thus, just as it has 
seemed necessary to recognize in health the normative power to question 
the usual physiological norms by seeking a debate between the living and 
the milieu-a search that implies a normal acceptance of the risk of ill
ness-so it seems to us that the norm in matters of the human psyche is the 
reclamation and use of freedom as a power of revision and institution of 
norms-a reclamation that normally implies the risk of madness.25 Who 
would argue, in questions of human psychology, that the abnormal does not 
obey norms? It is perhaps abnormal only because it is too obedient to such 
norms. Thomas Mann writes that "it is not so easy to decide when madness 
and disease begin. The man on the street is the last to be able to decide on 
thiS. "26 Too often, physicians' lack of personal reflection on these questions, 
which give meaning to their activity, means that they are hardly better 
equipped than the man on the street. How much more perspicacious seems 

Mann, when, doubtless via an intentional encounter with Nietzsche, the 
hero of his book pronounces that: "Never have I heard anything more stu
pid than that only sick can come from sick. Life is not squeamish, and cares 

not a fig for morality. It grasps the bold product of disease, devours, digests 
it, and no sooner takes it to itself than it is health. Before the fact of life's 
efficacy . . .  all distinction of disease and health is undone."27 

In conclusion, we hold that human biology and medicine are, and always 
have been, necessary parts of an "anthropology." But we also hold that 
there is no anthropology that does not presuppose a morality, such that the 
concept of the "normal," when considered within the human order, always 
remains a normative concept of properly philosophical scope. 



SE VEN 

Monstrosity and the Monstrous 

The existence of monsters calls into question the capacity of life to teach us 
order. This calling into question is immediate-so comprehensive was our 
prior confidence, so firmly accustomed had we been to seeing wild roses 
blooming on rosebushes, tadpoles turning into frogs, mares suckling foals, 
and, in general, the same engender the same. A breach in this confidence, a 
morphological divergence, an appearance equivocal as to its species is 
enough for us to be gripped by radical fear. Very well for fear, one might 
say. But why radical fear? Because we are living beings, real effects of the 
laws of life, and ourselves possible sources of life in our turn. A failure of 
life is of double concern to us, for such a failure could touch us or could 
come from us. It is only because we humans are living beings that a mor
phological failure is, to our living eyes, a monster. If we were beings of pure 
reason, pure intellectual machines of observation, calculation, and explana
tion, and thus inert and indifferent to the occasions of our thinking, then 
the monster would be merely what is other than the same, an order other 
than the most probable order. 

1 34 
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We must reserve the qualification "monster" for organic beings. There 
are no mineral monsters. There are no mechanical monsters. Something 
with no rule of internal cohesion, something whose form and dimensions 
cannot be seen as divergences from a module that can be expressed in terms 
of a measure, mold, or model, cannot be called monstrous. One could say 
that a rock is enormous, but not that a mountain is monstrous, except in a 
universe of mythical discourse in which it happens that the mountain gives 
birth to a mouse. !  There is a clarification to be made regarding the relation 
between the enormous and the monstrous. Both are, indeed, outside the 
norm. The enormous escapes a norm that is only metric. But in that case, 
why does the enormous refer only to enlargement?2 Doubtless because, be
yond a certain degree of growth, quantity calls quality into question. Enor
mity stretches toward monstrosity. Hence the ambiguity of gigantism: Is a 
giant enormous or is it a monster? The mythological giant is a prodigy, 
which is to say, its size "annihilates the end that constitutes its concept."3  If 
man is defined by a certain limitation of forces and functions, then the man 
who, by his size, escapes these limitations is no longer a man. To say that 
he is no longer one is also to say he still is one. Smallness, on the other hand, 
seems to enclose the quality of a thing in intimacy and secrecy. Quality is 
better preserved the less it is exposed. 

We must thus include in the definition of the monster its nature as living 
being. The monster is a living being with negative value. Here we can bor
row some of the fundamental concepts of Eugene Dupreel's original and 
profound theory of values.4 What makes the value of living beings, or more 
exactly, what makes living beings valorized in relation to the mode of being 
of their physical milieu is their consistency as a species. Slicing through the 
vicissitudes of the material environment, consistency expresses itself 
through resistance to deformation and a struggle for the integrity of 
form-by the regeneration of mutilated organs in some species, and by re
production in all. Now, the monster is not only a living being of reduced 
value, it is a living being whose value is to be a counterpoint. By revealing 
the precariousness of the stability to which life has habituated us-yes, 
merely habituated, even though we have turned this habit into a law-the 
monster bestows upon the repetition of species, upon morphological regu
larity, and upon successful structuration a value all the more eminent in that 
we can now grasp their contingency. The vital counter-value is thus not 
death but monstrosity. Death is the permanent and unconditional threat of 
the organism's decomposition, the limitation from without, the negation of 
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the living by the nonliving. Monstrosity is the accidental and conditional 
threat of incompleteness or distortion in the formation of the form; it is the 

limitation from within, the negation of the living by the nonviable. 
The ambivalent attitude of human consciousness toward the monster is 

certainly grounded in a confused sense of the importance of monsters for a 

correct and complete appreciation of the values of life. On the one hand, 

there is fear, as we have said, and even panicked terror-but also, on the 

other hand, curiosity, even fascination. The monstrous is the marvelous 

inverted, but it is marvelous nonetheless. On the one hand, it disconcerts: 

life is less sure of itself than we thought. On the other, it valorizes: since life 

is capable of failures, all its successes are failures avoided. That these suc

cesses are not necessary depreciates them en bloc while enhancing each one 

in particular. When we approach the philosophy of values from the angle 

of negative values, we have no difficulty saying, with Gaston Bachelard, that 

the true is the limit of lost illusions, and, for the problem that concerns us 

here, we have no more difficulty saying, with Gabriel Tarde, that the normal 

type is the degree zero of monstrosity.5 

But as soon as consciousness has been led to suspect the eccentricity of 

life, to dissociate the concepts of reproduction and repetition, what would 

prevent it from supposing life to be even more alive-that is to say, capable 

of the greatest freedom of exercise, from supposing life capable not only of 

provoked exceptions but also of spontaneous transgressions of its own hab

its? When faced with a bird with three legs, should we be more sensitive to 

the fact that it has one leg too many or to the fact that it has only one more? 

To judge life to be timid or frugal is to sense in oneself a movement to go 

even further than it will. And where does this movement come from, lead

ing the minds of men to juxtapose to life's monstrous products, like so many 

projects to tempt it, grylli with multiple heads, perfect men, or emblems in 

the shape of monsters? Does this movement come from life's inscription (in 

the geometrical sense of the term) within the arc of a poetic elan made 

conscious by the imagination and revealed by it to be infinite? Or is it rather 

that the little follies of life incite imitation in human fantasy, which returns 

to life what life had lent to it? There is, however, so great a difference 

between loan and restitution here that it may seem unreasonable to accept 

such a virtuously rationalist explanation. Life is poor in monsters. The fan

tastic is a world. 
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It is here that the thorny question of the relation between monstrosity 
and the monstrous arises. They are two concepts from the same etymologi
cal stock. They are in the service of two forms of normative judgment-the 
medical and the juridical-which were initially confounded rather than 
combined in religious thought, and then progressively abstracted and 
secularized. 

There is no doubt that Classical Antiquity and the Middle Ages consid
ered monstrosity an effect of the monstrous. The very term hybrid, seem
ingly so positive and descriptive, attests to this in its etymology.6 
Interspecies animal offspring are the result of crossbreedings that violate 
the rules of endogomy, unions without observance of similitude. The pas
sage from hybridization to monstrosity is easy. The Middle Ages retains the 
identification of the monstrous with the criminal but also enriches it with a 
reference to the diabolical. The monster is at once the effect of an infraction 
of the rule of the sexual segregation of species and the sign of a will to 
perversion in the table of creatures. Monstrosity is a consequence less of 
the contingency of life than of the licentiousness of the living. Why, asks 

Scipion du Pleix, does Africa produce more monsters than other regions? 
"Because, all sorts of animals finding themselves together by the waters 
to drink, they ordinarily mate without discretion as to species. "7 One sees 
monstrosity arising unexpectedly out of a lack of discretion-an ambiguous 
term that here is full of meaning. Monstrosity, the consequence of a carnival 
of animals after drinking! 

When it comes to man, the appearance of monstrosity is even more of a 
signature than in the case of animals: the question of the illicit eclipses 
that of the irregular; responsibility eclipses causality. If the Orient deifies 
monsters, Greece and Rome sacrifice them. Moreover, in Sparta, the mon
ster's mother is stoned; in Rome, she is expelled and reintegrated into the 
city only after purification. Such a difference in attitude between Egypt and 
Rome stems first of all from different theories concerning nature's possibili

ties. To accept metempsychosis and metamorphoses, as the Egyptians did, 
is to admit to a kinship between species-including man-that institutes 
their interfecundity. Yet as soon as one singles out, in nature, divinities' 
zones of influence or fundamental alliances (Lucretius), as soon as one 
sketches a classification of species based on their mode of generation and 

applies oneself to observing conditions and circumstances of impregnation 
(Aristotle), nature is defined as much by impossibilities as by possibilities. 
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Zoomorphic monstrosity, if one accepts its existence, must be treated as the 
consequence of a deliberate attempt to infringe the order of things (an order 
congruent with their perfection); it is the consequence of abandonment to 
the vertiginous fascination of the undefined, of chaos, of the anticosmos. As 
Ernest Martin pointed out in his History of Monsters, during the Middle Ages 
the connection of teratology to demonology appears to have been the result 
of a persistent dualism in Christian theology.8 The literature on this ques
tion is abundant. We allude to it only to the extent that it permits us to 
understand that the monstrous, initially a juridical concept, was gradually 
made into a category of the imagination. It is a matter, in short, of a dis
placement of responsibility. Theologians, judges or philosophers who could 
not accept the possibility of direct commerce between women and incubi 
or succubi did not hesitate to accept that the sight of a demonic apparition 
could lead to an alteration in the development of a human embryo. The 
theory of birthmarks,9 still alive in the popular mind, was first elaborated 
by Hippocrates in the treatise Epikyesis (On Supeifetation ) . 1 0  This prince of 
medicine reportedly applied that theory to exonerate a noble Athenian 
woman, explaining that her contemplation of the portrait of an Ethiopian 
sufficed to account for the appearance of her child. In sum, long before 
Pascal denounced the imagination as the mistress of errors and falsehood, 
it had been credited with the physical power to falsify the ordinary opera
tions of nature. Ambroise Pare counts the power of the imagination among 
the causes of monstrosity. Following the principles of Cartesian mechanism, 
Nicolas Malebranche proposes a strictly physiological explanation of this. 
The imagination is here nothing but a physical function of imitation, ac
cording to which objects perceived by the mother have a "repercussion" on 
the fetus. Like Hippocrates, Malebranche acknowledges that the perception 
of a simulacrum induces the same effects as the perception of the object 
itself. He affirms that the passions, desire, and a disordering of the imagina
tion have similar effects . l 1  In a rationalized and hence weakened form, we 
find here yet again the monstrous at the origin of monstrosities. The advan
tage of this theory for Malebranche, a partisan of preformation and of the 
encasement of germ seeds, is that it exculpates God from the grievance of 
having created monstrous seeds. One is tempted to object that, although 
such a theory is perhaps appropriate in the case of human monstrosity, it 
could not be generalized. But it was. Johann Theodore Eller (1689-1 760), 
director of the Royal Academy of Prussia, published in 1 756, in the annals 
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of that academy, a dissertation that credits animals with the power of engen
dering noteworthy monstrosities via their imagination. Eller describes a 
dog, which he himself had observed, that was brought into the world with 
a head that "resembled quite closely that of a turkey cock." When the dog's 
mother was pregnant, she had habitually walked in the farmyard, where she 
was chased and beaked by an irascible turkey cock. On the basis of this, Eller 
could write: "Women should not boast of being the only ones to possess the 
prerogative of producing monsters by the force of their imagination; we are 
convinced by the preceding story that beasts can do so just as well ." 1 2  One 

finds the imagination credited with the power of imprinting upon living 
beings in gestation the traits of a perceived object, an effigy, a simulacrum; 
the inconsistent contours of a desire-that is to say, of a dream. If we ob
serve that, in the seventeenth and eighteenth centuries, this much is granted 
to the imagination-and with the intent of giving a rational explanation
how, then, could we be astonished by the familiarity with which men lived 
with monsters? They blended legends of monsters with history, and were 

insouciant about separating reality from fiction-so ready were they to be
lieve that monsters exist because they are imagined and that they exist once 
they are imagined-in other words, that fiction molds reality and reality 
authenticates fiction. 

The teratology of the Middle Ages and the Renaissance is hardly a census 
of monstrosities; it is, rather, a celebration of the monstrous. It is an accu
mulation of themes of legends and schemes of figures in which animal forms 
play, so to speak, at exchanging their organs and varying the combinations 
of these organs, in which tools and even machines are treated as organs and 
are composed of the parts of living beings. In Hieronymus Bosch's grylles, 

there is no demarcating line between organisms and utensils, no frontier 
between the monstrous and the absurd. Jurgis Baltrusaytis's recent works 
Le Moyen Age fantastique and Reveils et prodiges contribute decisively to our 
knowledge of the origins and signification of monstrous themes: monsters 
are constant motifs in the bas-reliefs of cathedrals, in illustrations of Apoca
lypses, bestiaries, and cosmographies, in comic prints, in anthologies of 
omens, and in prognostications. 1 3  The same schema of monsters, the same 
composite beings, are sometimes symbolic, sometimes documentary, some
times didactic. The different countries of Europe circulate, exchange, and 
compare them. The Low Countries and Switzerland, Antwerp and Basel, 
are particularly flourishing homelands for this. The first teratological works 
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of etiological intent, by surgeons or physicians like Pare or Fortunio Liceti, 

can hardly be distinguished from the chronicles of prodigies by Julius Ob

sequens (fourth century) and Conrad Lycosthenes (1 5 5 7) . 14 Their iconogra

phy juxtaposes monstrosity and the monstrous: for example, a two-headed 
child, a furry child, and a child with a rat's tail coming out of its head; a 
magpie-woman and a donkey-legged girl; a pig with a human head and a 
bovine monster with seven heads (like the monster of the Apocalypse); and 
many others. But it seems the moment has come when rational thought 
would triumph over monstrosity, just as the imagination had taken pleasure 
in believing that heroes and saints could triumph over monsters. 

"The necessary complement to the monster is a child's brain," said Paul 
ValeryY Valery judges as uniformly ridiculous the role that the arts grant 
to painted, sung, or sculpted monsters and confesses to being able to re
spond only with laughter to the sight of the bizarre and misshapen composi
tions offered in paleontological anthologies. Valery's remark could be taken 
as the epitome of the rationalist attitude toward the monstrous in the age 
of positive teratology. Once monstrosity has become a biological concept, 
once monstrosities have been divided into classes based on invariable rela
tions, once one prides oneself on being able to bring them about experimen
tally, the monster is naturalized, the irregular is brought back to the rule 
and the prodigy to predictability. It then goes without saying that the scien
tific spirit would find it monstrous that man could have once believed in so 
many monstrous animals. Back in the age of fables, monstrosity exposed the 
monstrous power of the imagination. In the age of experiments, the mon
ster is taken to be a symptom of puerility or mental malady; it indicates 
debility or a breakdown of reason. One repeats, following Goya, that "The 
sleep of reason begets monsters. "  But one doesn't ask oneself (keeping in 
mind Goya's oeuvre in particular) whether "begetting" here means engen
dering monsters or merely giving birth to them: put differently, whether 
the sleep of reason might not be a liberator rather than a generator of mon

sters. The same historical epoch that, according to Foucault, naturalized 
madness occupied itself with naturalizing monsters . 1 6  The Middle Ages 
(which is not so named because it allowed the coexistence of extremes) is 
the age in which one sees the mad living in society with the sane and mon
sters with the normal. In the nineteenth century, the madman is in the 
asylum, where he serves to teach reason, and the monster is in the embryol
ogist's glass jar, where it serves to teach the norm. 
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The eighteenth century was not too hard on monsters. Even though its 
lumieres chased many of them away, just as they chased away many 
witches-"If day breaks, let us leave," say the witches in one of Goya's 
Caprichos-the century espoused the paradox of looking to aberrant organ
isms for entryways to an understanding of regular phenomena of organiza
tion. Monsters were treated as substitutes for crucial experiments to decide 
between two possible systems of the generation and development of plants 
and animals: preformation and epigenesis. They were also used to provide 
the theory of the continuous ladder of beings with the argument of transi
tional forms, or, as Leibniz called them, intermediate speciesY Because 
they appear equivocal as to species, monsters ensure the passage from one 
species to another. Their existence facilitates the mind's conception of con
tinuity. Natura non facit saltus, non datur hiatus formarum ("Nature makes no 
leaps, there is no gap between the forms") : that is why monsters exist, albeit 
on a purely comparative basis. Benoit de Maillet and Jean-Baptiste Robinet 
evoked all the monsters they needed, without having to invent them; and 
one sees all the flying fish, all the mermen, all the sirens spring back up out 
of the bestiaries of the Renaissance. They reappear, furthermore, in a con
text and following an intuition that recall the spirit of the Renaissance: an 
insurrection against the strict legality imposed on nature by mechanistic 
physics and philosophy, a nostalgia for the nondistinction of forms, for pan
psychism, for pansexualism. Monsters are called upon to legitimate an intu
itive vision of life, in which fecunity effaces order. Telliamed, entretiens d'un 
philosophe indien avec un missionnaire franfais (Telliamed; or, Conversations Be

tween an Indian Philosopher and a French Missionary on the Diminution of the 

Sea, I 748) is Oriental mythology resuscitated in the service of antitheol
ogy. 1 8  And in the Considerations philosophiques de la gradation naturelle des 

formes de l'etre (Philosophical Considerations on the Natural Gradation of Forms 

of Being, I 768), we read: "We believe that the forms most bizarre in appear
ance . . .  serve as passage to neigh boring forms; that they prepare and bring 
about the combinations that follow them, just as they have been brought 
about by those that precede them; that, far from troubling the order of 
things, they contribute to it." 19  The same theses and similar arguments are 
taken up again in D'Alembert's Dream and in the Letter Concerning the 

Blind.20 Moreover, by calling the blind-born Saunderson a monster
Saunderson, the professor of physical optics whose lesson he presents on 
the occasion of the visit of the blind-born du Puisaux-Diderot means, in 
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this letter, to demonstrate his method of the systematic employment of 
monstrosity as an instrument for analysis and decomposition in the domain 
of the genesis of ideas and ideals. In sum, whether in embryology, classifi
cation, or physiology, the eighteenth century made the monster not only an 

object but an instrument of science. 
It is truly in the nineteenth century that the scientific explanation of 

monstrosity and the correlative reduction of the monstrous are elaborated. 
Teratology is born out of the encounter of comparative anatomy with an 
embryology transformed by the adoption of the theory of epigenesis. Jo
hann Friedrich Meckel the Younger explains certain simple monstrosities, 
notably what were called monstrosities by default, like arrested develop
ment (as had already been suggested by C. F. Wolff).2 ! Etienne Geoffroy 
Saint-Hilaire substitutes the notion of delay for that of arrest. Monstrosity 
is the fixation of one organ's development at a stage surpassed by the others. 
It is the survival of a transitory embryonic form. For an organism of a given 
species, the monstrosity of today is the normal state of the day before yes
terday. And in the comparative series of species, a monstrous form of one 
can be a normal form for another. In his Histoire des anomalies de l'organisa

tion ( 1 8 37), Isidore Geoffroy Saint-Hilaire (son of Etienne) achieves-in a 
definitive fashion, in some respects-the domestication of monstrosities, 
ordering them among anomalies, classifying them according to the rules of 
the natural method, applying to them a methodical nomenclature still in 
use today, and, above all, naturalizing the composite monster, that is, the 
one in which we find complete or incomplete elements of two or more 
organisms united. Previously, the composite monster was held to be the 
monster's monster, because it was compared to the norm of a single individ
ual. But if one refers the composite monster to two or more normal individ
uals, the composite type of monstrosity is no more monstrous than a simple 
monstrosity. Isidore Geoffroy Saint-Hilaire's very pertinent reflections on 
the existence of anomalies are summarized in one of his formulas: "There 
are no exceptions to the laws of nature, only exceptions to the laws of natu
ralists."22 Finally, no less interesting is his linking of the concepts of anom
aly and variety, which would acquire great importance toward the end of 
the century in the context of theories of evolution. 

From this point on, constituted by descriptions, definitions, and classifi
cations, teratology became a natural science. But in a century hardly two 
years older than the term and concept biology, all natural history tended to 
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become an experimental science. In mid-century, Camille Dareste ( r 8 2 2-

99) founded teratogeny, the experimental study of the conditions for the 
artificial production of monstrosities. In the Middle Ages, the artist repre
sented imaginary monsters; the scientist of the nineteenth century claimed 
to fabricate real monsters. Echoing Marcelin Berthelot, who said that 
chemistry creates its object, Dareste proclaimed that teratogeny must create 
its own objects. He boasted of having successfully produced many simple 
monstrosities (as classified by Isidore Geoffroy Saint-Hilaire) on a chicken 
embryo, and he hoped to be able to produce hereditary varieties. Encour
aged by Darwin's appreciation of his experiments-"full of promises for the 
future"-Dareste resolved to employ the resources of experimentation to 
elucidate the origin of species. 23 

From then on, monstrosity appears to have revealed the secret of its 
causes and laws, while anomaly appears called upon to explicate the forma
tion of the normal, not because the normal is an attenuated form of the 
pathological, but because the pathological is the normal impeded or devi
ated. Remove the impediment and you obtain the norm. Henceforth, the 

transparency of monstrosity to scientific thought cuts monstrosity off from 
any relation to the monstrous. Realism in art systematically condemns the 

monstrous to being no more than the carbon copy of monstrosity. In an 
epoch when Gustave Courbet grumbled, "if you want me to paint god
desses, show me some! "  one had to be Japanese still to paint dragons. To 
the extent that the monstrous persisted in Europe, it became well behaved 
and unexciting. For an occasion to paint a monster, Ingres borrows from 
Orlando Furioso the theme of Ruggiero saving Angelica-with the double 
result of being forced to tell the Goncourts that the only monster known to 
French art comes from Theramenes' story, and of later arousing Valery's 
laughter.24 At the same time, positivist anthropology set out to depreciate 
religious myths and their artistic representations. In r 878, Joseph Marie 
Jules Parrot tried to establish, before the members of the French Society 
for Anthropology, that the dwarf-god Ptah, worshipped by the Egyptians, 
displayed the characteristics of an achondroplasic monster.2 5  

We would have liked to show how, from this period on, the monstrous 
seeks refuge in poetry, and we would take pleasure in following the sulfu
rous trail that leads from Baudelaire to the surrealists by way of Rimbaud 
and Lautreamont. But how can we resist the temptation to find the mon
strous once again at the very heart of the scientific universe from which it 
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was believed expelled-to find the biologist himself partaking, in flagrante 

delicto, in surrealism? Haven't we heard Dareste claim for teratology the 

glory of creating its object? Haven't we seen Isidore Geoffroy Saint-Hilaire 

and Dareste link, the former with timidity, the latter with confidence, the 

two questions of monstrosity and of the creation of races? The submission 

of the scientific spirit to the reality of laws-might this be nothing more 
than a ruse of the Will to Power? 

In r 826,  in Auteuil, Etienne Geoffroy Saint-Hilaire reprised experiments 

in artificial incubation he had undertaken in Egypt, imitating then-current 

techniques used in the famous chicken-egg incubators. These experiments 

aimed to define embryonic anomalies. In r 82 9, drawing a lesson from the 

relation of these investigations to the question posed by Lamarck's thesis 
on the modifications of animal types,26 Etienne Geoffroy Saint-Hilaire 

writes: "I sought to lead organization down unusual paths."27 Without a 

doubt, this decision, insofar as it leads to operations on bird eggs, does not 

arise from any unconscious inclination toward the fabulous. But would we 

say the same of Reaumur when, having recounted at length what he calls 

the loves of a chicken and a rabbit, he expresses his disappointment that this 

strange union did not procure him "chickens covered in fur or rabbits cov

ered in feathers"? What will we say the day we learn that teratogenic experi

ments have been performed on man? From the curious to the scabrous, and 

from the scabrous to the monstrous, the road is straight, if not short. If 

inscribed in the code of experimentation is a trying out of all possibilities 

with a view toward revealing the real, there is a risk that the boundary be

tween the experimental and the monstrous will not be perceived at first 

sight. For the monstrous is one of these possibilities. We would like here to 

be referring to the monstrous only as imaginal), but we are conscious of its 

ambiguity. There is a gap between biologists who create their own object 

and fabricators of human monsters destined to be buffoons-such as those 

described by Victor Hugo in L 'homme qui rit (The Laughing Man).28 We 

must want this gap to remain as it is, but we cannot affirm that it will. 

The ignorance of the ancients held monsters to be games of nature, while 

the science of our contemporaries turns them into the games of scientists. 

Let us play at fabricating cyclopean chickens, five-legged frogs, Siamese 

newts, while we are waiting, as some think, to be able to play at fabricating, 

not sirens or centaurs, but perhaps a primitive man. Had it not been coined 
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by a known author, the expression "to seek to lead organization down un
usual paths" could pass for the announcement of a diabolical project. Here 
once again we find the monstrous at the origin of monstrosities-only this 
time authentic ones. It would thus be the century of positivism that would 
have realized-thinking it was abolishing it-what the Middle Ages had 
dreamt. 

We have just used the conditional because, if it is true that the monstrous 
is at work, in its own way, in experimental teratology, it is just as certain 
that the monstrous does not surpass, in the intensity of its effects, what life 
obtains without it. Today's teratologist is less ambitious and more measured 
than Etienne Geoffroy Saint-Hilaire or Dareste. In a recent lecture, 
Etienne Wolff remarked that the experimental teratologist limits his inter
vention to the perturbation of a process that has begun without him and 
whose initial, elementary conditions he disregards. After which, he leaves 
living matter to itself; he waits and watches for what may come. In short, 
says Wolff, "the experimenter has the feeling of being no more than a prop 
master."29 His power is narrowly limited: first, by the fact that embryonic 
plasticity is of short duration, and second, by the fact that monstrosities do 
not transgress the order of species. Not only does the biologist of today 
create nothing really new, he also understands why. He has a better under
standing of the merit of the two Geoffroy Saint-Hilaires' insight-that 
there exist teratological types of organization and that these are dominated 
by the laws of this organization. Thus, all cyclops, from fish to man, are 
similarly organized. Nature, says Wolff, always pulls the same strings.30 The 
experimenter cannot pull more strings than nature. 

We have said that life is poor in monsters, while the fantastic is a world. 
We can now understand why life is relatively poor in monsters: organ

isms are incapable of structural eccentricities except during a short moment 
at the beginning of their development. But why say of the fantastic that it 
is a world, if it is true that a world, a cosmos, is an order? Is it because there 
are types (some would even say archetypes) of the fantastic? What we mean 
is that the fantastic is capable of populating a world. The power of imagina
tion is inexhaustible, indefatigable. How could it not be? The imagination 
is a function without an organ. It is not one of those functions that cease 
functioning to recuperate their functional power. It feeds only on its own 
activity. As Bachelard teaches us, the imagination incessantly deforms or 
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reforms old images to form new ones. We thus see that the monstrous pro
liferates insofar as it is imaginary. Poverty on the one hand, prodigality on 
the other-this is the first reason for maintaining the duality of monstrosity 
and the monstrous. 

The second reason is situated at the level of the principle of the first. 
Life transgresses neither its laws nor its structural framework. Accidents are 
no exception to this, and there is nothing monstrous about monstrosities. 
"There are no exceptions in nature," says the teratologist, in the positive 
age of teratology. Yet this positivist formula, which defines a world as a 
system of laws, ignores the fact that it acquires its concrete signification 
through its relation to the signification of an opposite maxim, one that sci
ence excludes but the imagination applies. This maxim gives birth to an 
anticosmos, to a chaos of exceptions without laws. When seen from the 
perspective of those who haunt it after having created it, believing every
thing to be exceptionally possible in it, and who forget that only laws permit 
exceptions, this antiworld is the imaginary, murky, and vertiginous world of 
the monstrous. 3 1  
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Appendix I: Note on the Transition from Fibrillar Theory to Cell Theory 

In the sixteenth, seventeenth, and eighteenth centuries, anatomists gener
ally saw fiber as the anatomical and functional element of muscles, as well 
as of nerves and tendons. If dissection by scalpel and then later examination 
by microscope led to an acceptance of the fibrous constitution of these fas
ciculated organic formations, the origin of the term fiber must nevertheless 
be sought in an image that would seek to explicate their functions. 

Since Aristotle, animal movements have been explained by the com
parison of articulated limbs to projectile machines; muscles, tendons, and 
nerves were seen as pulling on levers-bones-just as cables do in cata
pults. Muscular, tendonous, and nervous fibers exactly corresponded to 
the plant fibers of which ropes were made. The iatromechanist Giovanni 
Borelli (in his De motu animalium) , l  among others, looked to an analogy 
with the retraction of a wet cable (funis madidus) to explain muscular 
contraction. 

Fibrillar theory was formed by extending this structure to the entire or
ganism, and to all plant and animal organisms. It is mentioned in Descartes' 
writings (Treatise of Man) and was popularized above all by Albrecht von 
HaIler in the eighteenth century. 

Independent of Hooke's observations and terminology, the notion of the 

cell was introduced into fibrillar theory as the notion of a form, in the geo
metrical sense, rather than as a formation, in the morphological sense. A 
muscular cell referred to a relative disposition of fib er and not to an absolute 
element. Furthermore, what would later be called cellular tissue was a soft 
and spongy tissue; a paradoxical tissue, whose structure was lacunar and 
whose function consisted in filling in the lacuna between muscles, between 
the muscles and the skin, between organs, and within bone cavities. It was 
what today is called soft connective tissue. 

In De motu musculorum (1694), Jean Bernoulli wrote that muscular fibers 
are intersected at right angles by transversal, parallel fibers, forming a 
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reticular texture.2 At the moment of their dilatation-that is to say, their 
contraction-muscular motor fibers are squeezed at regular intervals by 
these transversal fibers, and thus their interior (cavum) is separated by these 

ligatures of sorts into equal internodal spaces, which form cells or vesicles 
(quae plures cellulas vel vesiculas effo171Zant). 

In his Elements de physiologie,3 HaIler describes cellular tissue thus: "Cel

lular tissue is composed in part of fibrils, and in part of an infinite number 
of little slats, which by virtue of their different direction divide all the parts 
of the human body up into small spaces, form small sites, and unite the 
parts, functioning as a large and solid link, without depriving the parts of 

their mobility."4 In certain treatises from the same period, the two notions 
of cells interior to fiber and cellular tissue are connected-for example, in 

Claude Nicolas Le Cat's Traite du Mouvement musculaire. 5  This author 

writes, describing the structure of a preparation of a rat-muscle fiber exam
ined under a microscope: 

The fiber seemed to me similar to the tube of a thermometer, when its liquid is 

shaken and divides alternately into bubbles or little cylinders of liquid and air. 

These alternating bubbles furthermore gave it the appearance of a row of rosary 

beads, or of small segments or knots in reeds; these segments were alternately 

opaque and transparent . . . .  Half an hour later, the knots disappeared, for appar

ently the liquids dispersed or coagulated, and the reed appeared to me to have a 

uniform cavity, filled with a kind of reticular tissue, either cellular or medullar, 

which in certain places looked to be composed of many cells or sacs leaning up 

against one another and interlaced in the manner of chains.6 

From which follows this statement: "Muscular fiber is a canal, the walls of 
which are made of an infinity of connected threads, and whose cavity is 

divided into a great number of cells which are, or are nearly, rhombus

shaped."7 We see here summarized how a conjectural interpretation of the 

striated aspect of muscular fiber led the defenders of fibrillar theory little 

by little to use a terminology such that, although the substitution of one 
morphological unity for another may have required a veritable intellectual 

conversion, it was facilitated by the fact that its vocabulary had in large 

part already been prepared: vesicle, cell. The term utricle, also employed to 

designate the lacuna of cellular tissue, especially in botany, seems to have 
been created by Marcello Malpighi.8  



Appendix 2: Note on the Relationship 
Between Cell Them) and Leibniz 's Philosophy 

Cell Them), and Leibniz 1 5 1 

It is certain that, at the end of the eighteenth century and during the first 
half of the nineteenth, the term monad was often used to designate the sup
posed element of the organism.9 

In France, Lamarck used this term to designate the organism then held 
to be the simplest and least perfect of organisms, the infusorium: for exam
ple, "the simplest animal organization . . .  the monad which is no more, so 
to speak, than an animated point"; 10 "The monad, the most imperfect of 
animals known." l l  This meaning is still preserved in the Littre Dictionnaire 
de la langue franfaise: "Genus of microscopic animalcules ." We have seen 
that when Comte criticized cell theory and the notion of the cell in the 
forty-first lesson of the Course in Positive Philosophy, it was under the name 
"organic monad."1 2  In r 868, Gobineau related cell and monad as similar. 

In Germany, as Dietrich Mahnke has shown in his work Unendlicbe Spb
lire und Allmittelpunkt, 13 it was because of Oken, Schelling's friend and disci
ple at Jena, that the image of the monad came to impart its indivisibly 
geometric and mystic signification to biological speculations. It is quite ex
actly a matter of biological Pythagorism. The elements and principles of 
every organism were indifferently named Urblliscben ("original vesicles"), 
Zellen ("cells"), Kugeln ("balls"), Spbliren ("spheres"), or organiscbe pzmkte 
("organic points"). These are the biological correspondents to what the 
point (the maximal intensity of the sphere) and the sphere (the maximal 
extension of the point) are in the cosmic order. Between Lorenz Oken and 
the first founders to have empirically established cell theory-Matthias Sch
leiden and Theodor Schwann-there exist all the nuances of obedience to 
and dependence upon biological monadology, presented in the Lebrbucb 
der Naturpbilosopbie (r  809-r r ) . 14 Although the great botanist Karl Nigeli 
(r 8 r 7-9 r), whose enthusiasm for Oken led him away from medicine to biol
ogy, became a resolute materialist under the influence of Darwinism, he 
still retained a certain fidelity to the ideas of his youth; their trace can be 
found in his theory of micells: invisible living units constituting proto
plasm-a theory that, in a certain way, depicts cell theory's second degree. 
More of a Romantic, more of a metaphysician, Carl Gustav Cams, painter, 
doctor, and naturalist (r 789-r869) followed Oken's ideas almost to the let
ter. The notion of organic totality dominates his philosophy and psychol
ogy; the universal primitive form is the sphere, and the fundamental 
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biological sphere is the cell. In his work Psyche (I 846), the terms Urzellen 

and organische Monaden are strictly equivalent. 
There is no doubt that the philosophers of nature took their monadolog

ical conception of life from Leibniz, via the intermediary of Friedrich Schel
ling, Johann Fichte, Franz von Baader, and Novalis, 1 5  

In France, i t  was above all through Maupertuis that Leibniz's philosophy 
informed and oriented eighteenth-century speculations concerning the for
mation and structure of living beings. 1 6  In his Essai SU1' la jor'l1zation des etres 

organises (I 754), 1 7  Maupertuis presented his theory of the formation of or
ganisms by the union of molecular elements-elements originating from all 
the parts of the bodies of the parents and contained in the seminal fluids of 
the male and female-even more clearly than he had in Venus physique 

(I 745). This union of molecular elements is not a simple mechanical phe
nomenon, not even a phenomenon simply reducible to N ewtonian attrac
tion. Maupertuis did not hesitate to invoke an instinct inherent to each 
particle (Venus physique) and even "some principle of intelligence, something 
similar to what we call desire, aversion, memory" (Essaz). Thus Paul Hazard, 
summarizing the development of Maupertuis's ideas, could write: "Let 
there be no mistaking: what appears here is the monad."18  We have seen 

what Maupertuis's influence on Buffon was, in particular for the elaboration 
of the theory of organic molecules. 19 

Appendix 3 ,'  Extracts from the "Discours sur l'anatomie du cerveau " 

("Discourse on the Anatomy of the Brain 'j, delivered by Nicolas Steno in Paris 
in 1 665 to the "Messieurs de l'Assembtee de chez Monsieur Thivenot" 

As for Monsieur Descartes, he was too well aware of the flaws in the history 
we have of man to undertake an explanation of man's veritable composition. 
Thus, in his l1'eatise of Man, he does not try to do this, but rather to give us 
the explanation of a machine that does all the actions of which men are 
capable. Certain of his friends say otherwise; however, we see at the begin
ning of the work that this is what he intended; and in this sense, one can 
rightly say that Monsieur Descartes has, in the treatise I have just men
tioned, surpassed other philosophers. No one else has mechanically ex
plained all the actions of man, in principal, those of the brain; the others 
describe man himself; Monsieur Descartes tells us only of a machine that 
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nevertheless makes us  see the insufficiency of what others teach us, and he 
teaches us a method for researching the usages of other parts of the human 
body, with the same clearness with which he demonstrates the parts of the 
machine of his man, which no one before him had done. 

Monsieur Descartes must therefore not be condemned if his system of 
the brain does not entirely conform to experience; the excellence of his 
mind, which appears principally in his Treatise of Man, covers the errors of 
his hypotheses. We see that very skilled anatomists, like Vesalius and others, 
have not been able to avoid similar errors. 

If these great men, who have spent the better part of their lives practicing 
dissections, are pardoned, why would you want to be any less indulgent 
toward Monsieur Descartes, who has most fortunately used his time for 
other speculations? The respect that I feel I, along with everyone, owe to 
minds of this order would have prevented me from speaking of the flaws in 
this treatise. I would have contented myself, along with certain others, with 
admiring it, as the description of a beautiful machine and all its invention
had it had not been received quite differently by many who want to make it 
out to be a faithful account of the most hidden forces [ressorts] of the human 
body. Since such people do not attend to Monsieur Silvius's very clear dem
onstrations, which have often shown that Monsieur Descartes' descriptions 
are not in accord with the dissection of the body they describe, it is neces
sary-without here detailing his entire system-to point out to such people 
certain places where I am certain that they will have only to see clearly to 
recognize the great difference between the machine that Monsieur Des
cartes has imagined and what it is that we see when we do the anatomy of 
human bodies.20 
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1 .  Knowledge of Lift spans twenty years of Canguilhem's writing and lectures. 
"Thought and the Living" was first published in the 1952 Hachette edition of 
La connaissance de la vie. "Experimentation in Animal Biology" was first given as 
a lecture at the Centre International Pedagogique de Sevres in 195 1 .  "Cell 
Theory" was first published as "La theorie cellulaire en biologie: Du sens et de 
la valeur des theories scientifiques," in Melanges 4 (1945; Paris: Belles Lettres, 
1946). "Aspects of Vitalism, " "Machine and Organism," and "The Living and 
Its Milieu" were delivered as lectures at Jean Wahl's College Philosophique in 
Paris, on February 1 7, March 1 7, and May 19, 1947. "The Normal and the 
Pathological" was first published in 195 1 ,  in the first volume of Somme de mede
cine contemporaine, ed. Rene Leriche (Paris: Editions de la Diane frans;aise, 
195 1), 2 7-3 2 .  Cf. Georges Canguilhem, Le normal et le pathologique (Paris: 
Presses Universitaires de France, 1966), a work comprising Canguilhem's medi
cal thesis, "Essai sur quelques problemes concernant le normal et le pathologi
que" (University of Strasbourg, 1943); see also the second edition (Paris: 
Presses Universitaires de France, 1988). "Monstrosity and the Monstrous" was 
first published in DiofJene 40 (1962): 29-43 and was delivered as a lecture at the 
Institut des Hautes Etudes de Belgique in Brussels on February 9, 1962 . The 
essay was included in the second edition of La connaissance de la vie by Vrin in 
1965. 

2 . Canguilhem, "Thought and the Living," p. xviii of this volume. 
3. Henri Bergson, Creative Evolution, trans. Arthur Mitchell (Lanham, Md.:  

University Press of America, 1984-) 
4- Kurt Goldstein, The Organism (New York: Zone Books, 1995), 3°7. 
5 .  Foucault, in "La vie: L'experience et la science,"  suggests a strong divide 

between philosophies of experience (Sartre, Merleau-Ponty) and philosophies 
of knowledge, rationality, and the concept (Cavailles, Bachelard, Canguilhem). 
But in Knowledge of Lift we find that this divide may be more blurred, or at least 
more complicated, than Foucault suggests. 
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observations of this order, in conjunction with veterinary practice, that Paul 
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S. [Claude Bernard, Lectures on the Phenomena of Life Common to Animals 
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sance et deviation de la theo'rie cellulaire dans l'reuv're de Theodo're Schwann (Paris: 
Hermann, 1960). 

S I .  Singer, A Hist01Y of Biology, 3 3 3 .  [Singer's exact passage is "he insemi
nated the minds of the recognized founders of the cell doctrine."-Trans.] 

5 2 .  Lorenz Oken, Lehrbuch der Natu1philosophie Gena: August Schnid, 1 8 1  I) .  
53 .  Ernst Haeckel writes: "It is enough to replace the word vesicle or infuso

rium with the word cell to arrive at one of the greatest theories of the nineteenth 
century: cell theory . . . .  The properties Oken attributes to his infusoria are the 
properties of cells, of elementary individuals, whose assemblage, meeting, and 
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various formations constitute the most elevated of complex organisms" (Natur
liche Schbpfungsgeschichte, pt. I ,  lecture 4, "Allgemeine Entwicklungslehre," in 
Gemeinverstiindliche Werke I :  104). Let us add that, in Anti-Duhring, Friedrich 
Engels affirms, basing himself on Haeckel, the prophetic value of Oken's intu
itions: "It is much easier, along with the unthinking mob it la Karl Vogt, to 
assail the old natural philosophy than to appreciate its historical significance. It 
contains a great deal of nonsense and fantasy, but not more than the unphilo
sophical theories of the empirical natural scientists contemporary with that phi
losophy, and that there was also in it much that was sensible and rational began 
to be perceived after the theory of evolution became wide-spread. Haeckel was 
therefore fully justified in recognizing the merits of Treviranus and Oken. In 
his primordial slime and primordial vesicle Oken put forward as a biological 
postulate what was in fact subsequently discovered as protoplasm and cell. . . .  
The natural philosophers stand in the same relation to consciously dialectical 
natural science as the utopians to modern communism" (Friedrich Engels, Anti
Duhring [Moscow: Foreign Languages Publishing House, 1954] ,  1 8-19; note 
from the preface to the 2d ed., of 1 885). 

5+ Lorenz Oken, Die Zeugung, cited in Singer, A History of Biology, 3 3 2 .  
5 5 .  [Klein, Histoire des origines de la theorie cellulaire, 1 8-19.-Trans.] 
56. [Oken, cited in ibid., 1 9.-Trans.] 
57. Hans Petersen, Grnndriss der Histologie und mikroskopischen Anatomie des 

Menschen: Biologie der mikroskopischen Grb'ssenordnung (Berlin: J. Springer, 1936). 
58. Charles (Franc;ois) Brisseau-Mirbel, Elements de physiologie vegetale et de 

botanique (Paris: Magimel, 1 8  I 5). [Cited in Klein, Histoire des origines de la theorie 
cellulaire, 26.-Trans.] 

59. [Cited in Klein, Histoire des origines de la theorie cellulaire, 3 1 .-Trans.] 
60. See Louis Sauzin, Adam Heinrich Muller: Sa vie et son (£uvre (Paris: 

Nizet & Bastard, 1937), 449ff. 
6 1 .  On the origins of cell theory, see J. WaIter Wilson's articles "Cellular 

Tissue and the Dawn of the Cell Theory," Isis 100 (August 1 944): 1 68;  and 
"Dutrochet and the Cell Theory," Isis 107-8 (May 1 947): 14. 

62 .  Philippe Pinel, Nosographie philosophique; ou, La methode de l'analyse appli
quee a la medecine (paris: J. A. Brosson, 1 8  I 8). 

63 .  Xavier Bichat, Traite des membranes en general et de diverses membranes en 
particulier (Paris: Gabon, Mequignon-Marvis, 1 8 2 7) .  

6+ Tissue is  made of thread [fi� , that is  to say, originally, of plant fibers. 
That this word fil connotes images of continuity comes across in expressions 
such asfil d'eau ["water current"] andfil du discours ["thread of an argument"] . 

65.  [Klein, Histoire des origines de la theorie cellulaire, 40.-Trans.] 
66. Xavier Bichat, Recherches physiologiques sur la vie et la mort (r 800; Paris: 

A. Delahays, 1 855). [Cited in Klein, Histoire des origines de la theorie cellulaire, 
40.-Trans.] 

67.  Leon Brunschvicg, Le progres de la conscience dans la philosophie occidentale 
(Paris: Alcan, 1927), 543ff. 
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68. See Appendix 2 in the present volume, "Note on the Relationship Be
tween Cell Theory and Leibniz's Philosophy." 

69. Henri Bergson, Creative Evolution, trans. Arthur Mitchell (New York: 
Dover Publications, 1 9 1  I ), 260. 

70. See Robin's articles "Cellule" and "Organe," in A. Dechambre, Diction
naire encyclopedique des sciences medicales (Paris: P. Asselin, Sr. de Labe, V. Masson 
et fils, 1 864-89). [Cited in Klein, Histoire des origines de la theorie cellulaire, 
63 .-Trans.] 

7 1 .  Tourneux was a disciple of Robin through the intermediary of Georges 
Pouchet. He was, moreover, the assistant in charge of setting up the experi
ments for Robin's courses for a year, replacing Hermann, who was completing 
his voluntary service in Lille. Tourneux wrote the Premie'r traite d'histologie in 
collaboration with Pouchet. At the time of his death in 192 2 ,  Tourneux was 
working on the third edition of his Precis d'histologie humaine. In the second 
edition ( 19I I) ,  he distinguished between anatomical elements and amorphous 
materials, and, among the anatomical elements, between those that are cellular 
or have the form of cells and those that are noncellular. Thus the concept of 
the anatomical element and that of the cell do not entirely overlap. (We owe 
the above biographical information to the kindness of Doctors Jean-Paul and 
Georges Tourneux of Toulouse.) 

72 .  Jean Perrin, Atoms, trans. D. L. Hammick (Woodbridge, Conn.: Ox Bow 
Press, 1990), vii, trans. modified. 

73 .  Rudolf Virchow, Cellulm' Pathology as Based upon Physiological and Patho
logical Histology, trans. F. Chance (New York: Dover Publications, 197 1) ,  
chap. I .  

74- According to Lime and Robin's Dictionnaire de medecine, 1 3th ed. (Paris: 
Pans, 1 873) ,  the term histology was created in 1 8 1 9  by Mayer; the term histonomy 
was created in 182 1 by Heusinger to designate the study of the laws which 
govern the generation and arrangement of organic tissues. 

75 .  On the relation between the Studien zur Gastraeatheorie and cell theory, 
see Ernst Haeckel, Natiirliche Schbpfimgsgeschichte, pt. 2 ,  20th lecture, "Phylo
genetische Klassification des Tierreichs: Gastraea Theorie," in Gemeinverstand
liche Werke, I I : q I .  

76. Claude Bernard, in Revue scientifique, September 26, 1 874-
77. Claude Bernard, Lewns sur les phenomenes de la vie communs aux animaux 

et aux vegetaux (1 878; Paris: ]. Vrin, 1966). 
78. Ernst Haeckel, Die Weltratzel, chap. 2, in Gemeinverstandliche Werke, 

4: 3 3 ·  
79. [Klein, Histoire des origines de la theorie cellulaire, 63 .-Trans.] Klein has 

recently published a valuable article that complements the information on this 
subject. See Klein, "Sur les debats de la theorie cellulaire en France," Thales 6 
( 195 1): 2 5-36. 

80. A. Prenant, P. Bouin, and L. Maillard, Traite d'histologie, vol. I, Cytologie 
generale et speciale (Paris: Librairie C. Reinwald, 1 904), 37 .  
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8 1 .  [Ibid. ,  47.-Trans.] In the same year, 1904, Haeckel responds to the 
text by Prenant in Die Lebenswunder, chap. 7, "Lebenseinheiten: Organische 
Individuen und Assoziationen; Zellen, Personen Swcke; Organelle und Or
gane," in Gemeinverstandliche Werke, 4: 1 72 .  

8 2 .  Jean Rostand, "Les virus-proteines," in his Biologie e t  medecine (Paris: 
Gallimard, 1939)'  Also see a good discussion on the issue by the same author, 
"La conception particulaire de la cellule," in his Les grands courants de la biologie 
(Paris: Gallimard, 195 1) .  

83 .  Arthur de Gobineau, Memoire sur diverses manifestations de la vie indivi
duelle (Paris: Desclee De Brouwer, 1935) '  

8+ Clifford Dobell, The Intestinal Protozoa of Man (New York: William 
Wood & Co., 1 92 1) .  

85 .  Remy Collin, "La theorie cellulaire et la vie," in La biologie medicale 
(April 1929)'  The same author has since taken the question up in his Panorama 
de la biologie (Paris: Editions de la Revue des Jeunes, 1 945), 73ff. 

86. Hans Petersen, Histologie und mikroskopische Anatomie (Munich: Berg
mann, 1 93 I). 

87 .  Octave Duboscq, Bulletin de la Societe zoologique de France. 
88 .  Hans Petersen, Grundriss der Histologie zmd mikroskopischen Anatomie des 

Menschen: Biologie der mikroskopischen Grbssenordnung (Berlin: ]. Springer, 1936). 
89. Julius Sachs, Gesammelte Abhandlungen iiber Pjlanzen-physiologie (Leipzig: 

W. Engelmann, 1 892-93). 
90. The following lines have been added to the orginal 1945 version of this 

essay, as they fit in here naturally. We do not indicate this in order to claim 
some kind of prophetic gift, but quite to the contrary, to emphasize that certain 
novelties are a bit older than some sycophants, concerned with exploiting them 
rather than understanding them, would say. 

9 1 .  Tivadar Huzella, Die zwischenzellige Organisation azif der Grundlage der 
Interzellulartheorie und der inte'rzellularpathologie Gena: G. Fischer, 1941) .  

92 .  The subtitle of this work is Von Zellular- zur Molekular-pathologie [From 
Cellular to Molecular Pathology] . Paul Busse Grawitz, Experimentelle Grzmdlagen 
zu einer modernen Pathologie (Basel: Schwabe, 1946). [Canguilhem cites the Ger
man edition; the book was originally published in Spanish as Bases experimentales 
para una patologia moderna: De la patologia celular a la molecular (Buenos Aires: El 
Ateneo, 1 945).-Trans.] 

93 .  Olga Lepeschinskaya, The Origin of Cells from Living Substance (Moscow: 
Foreign Languages Publishing House, 1 954). We are taking our information 
from Joukov-Berejnikov, Maisiki, and Kalinitchenko, "Des formes acellulaires 
de vie et de developpement des cellules,"  published in the collection of docu
ments Orientation des theories medicales en U.R.S.S. (Paris: Editions du Centre 
Culture I et Economique France-U.R.S .S . ,  1 950) .  References to the journal arti
cles we allude to can be found in Andre Pierre's article in Le Monde (August 1 8, 
1 950). 
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94. Friedrich Engels, Anti-Diihring: Herr Eugen Diihring's Revolution in Sci
ence (Moscow: Foreign Languages Publishing House, 1 954). In this passage, 
Engels accepts, like all adherents of cell theory, that "in all organic cellular 
beings, from the amoeba to man, cells multiply in one and the same way, by 
scissiparity" (109) . [Canguilhem leaves out parts of this passage.-Trans.] But 
he thinks there exist a host of living beings, among the less elevated, whose 
organization is inferior to the cell: "All beings have only one point in common 
with the superior organisms: it is that their essential element is albumen and 
that they consequently perform functions of albumen, i.e. , live and die" (1 1 2) .  
Among these beings, Engels cites "the protamoeba, a simple albuminous parti
cle without any differentiation whatever, and a whole series of other monera 
and all bladder seaweeds (Siphonae)" (1 1 2) .  See also pp. I I  3-16 :  "Life is the 
mode of existence of albuminous bodies." It is not difficult to recognize here 
the ideas of Haeckel, down to his very terminology. In the Dialectics of Nature 
(to confine ourselves only to the excerpts laudatorily reproduced in the articles 
cited in the previous note), Engels's ideas-to more clearly affirm the possibility 
of cell birth out of living albumen and of a formation of living albumen out of 
chemical composites-do not seem fundamentally different from the theses of 
the Anti-Diihring. We humbly avow, however, that, in either of these forms, 
these Haeckelian anticipations do not give us the impression of revolutionary 
novelty. 

95.  Joukov-Berejnikov, Maisiki, and Kalinitchenko, "Des formes acellulaires 
de vie et de developpement des cellules,"  I S . We cannot resist the temptation 
to quote other peremptory affirmations from the same article: "It is in the 
U.S .S.R. that, for the first time, the study of the passage from the nonliving to 
the living has begun" (148); "Questions such as that of the origin of life are of 
little interest to scientists in the service of capital; they do not seek in the least 
to develop biology in the interest of the human race. The lackeys of imperialism 
ascertain that life on Earth must be destroyed" ( I SO). 

96. Schuster's expression is cited by Brunschvicg, L 'experience humaine et la 
causalite physique, 447. 

97· Haeckel, Die Lebenswzmder, chap. 7, "Lebenseinheiten," in Gemeinver
standliche Werke, 4: 1 73 .  

9 8 .  Since these lines were written, the appearance of Gilbert Simondon's 
thesis, L 'individu et sa genese physico-biologique (Paris: Presses Universitaires de 
France, 1964), has fortunately helped to shed light on these questions. 

99. Charles Naudin, "Les especes affines et la theorie de l'evolution," Revue 
scientifique de la France et de l'etranger, 2d series, 3 ( 1 875). 

100. "Even the freest of mental activities, the imagination, can never wander 
completely at random (although the poet has this impression); it remains linked 
to preformed possibilities, prototypes, archetypes, or original images. The sto
ries of the most distant peoples reveal, by the resemblance of their themes, this 
subordination to certain primordial images. Even the images which serve as the 
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bases of scientific theories are held within the same limits: ether, energy, their 
transformations and their consistencies, theory of atoms, affinities, etc." (C. G. 
Jung, Types psychologiques [Geneva: Georg, 1950] ,  3 10).  

3 .  ASPECTS OF VITALISM 

1. Marcel Prenant, Biologie et marxisme (Paris: Editions d'hier et d'aujour
d'hui, 1948), 2 30-3 1 .  Originally published as Biologie et marxisme (Amsterdam: 
Pegasus, 1 93 7).  Prenant has since formulated anew the same opinion: "What 
did Bergson do in Creative Evolution? Two things: for one thing, a critique of 
mechanical materialism, which is in our opinion an excellent critique, and 
whose only fault is that it doesn't go further still, as he has applied it only to 
life. By contrast, we think that it is also applicable, under different conditions, 
to the inanimate world itself. Consequently, on this matter we are in agreement. 
What we gravely reproach Bergson for, and what constitutes his mysticism, is 
that one searches in vain for a positive conclusion that could be transformed 
into any experience" (Progres technique et progres moral: Textes in-extenso des confer
ences et des entretiens des Rencontres Internationales de Geneve en 1947 [Neuchatel: 
Editions de La Baconniere, 1 948] , 43 I) .  

2 .  Paul-Joseph Barthez, Nouveaux eliments de la science de l'homme (1 778; 
Paris: Goujon et Brunet, 1 806). 

3. [Canguilhem uses engin; the OED confirms the applicability in English 
of the double meaning, indeed places the interpretation of engine (or "engin") 
as "genius," "cunning," "trickery," or "evil machination" before its interpreta
tion as machine.-Trans.] 

4- Georg Wilhelm Friedrich Hegel, The Encyclopaedia Logic, with the Zusatze, 
pt. I of The Encyclopaedia of Philosophical Sciences with the Zusatze, trans. T. F. 
Geraets, W. A. Suchting, and H. S. Harris (Indianapolis: Hackett, 199 1), §209. 

5 .  Henry More, letter to Descartes, I I  December 1648, in Oeuvres de Des
canes, ed. Charles Adam and Paul Tannery (Paris: Vrin, 1 897), letter 5 3 1 ,  
5 : 243-45; translated in Leonora D .  Cohen, "Descartes and Henry More on the 
Beast-Machine-A Translation of Their Correspondence Pertaining to Animal 
Automatism," Annals of Science I ,  no. I (1936):  50-5 1 .  Jean de La Fontaine, 
"The Two Rats, the Fox, and the Egg," in The Complete Fables of Jean de La 
Fontaine, ed. Norman R. Shapiro (Urbana: University of Illinois Press, 2007), 
2 62-64-

6. [Gottfried Wilhelm Leibniz, New Essays on Human Understanding, ed. and 
trans. Peter Remnant and Jonathan Bennett (Cambridge: Cambridge University 
Press, 1996).-Trans.] 

7. "It is impossible for me to indulge in too much distrust, as it is not a 
question of acting but only of meditation and knowledge" (Rene Descartes, 
First Meditation, in Rene Descartes, Discourse on Method and Meditations on First 
Philosophy, trans. Donald A. Cress [Indianapolis: Hackett Publishers, 1998] , 62 ,  
translation modified). 
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8. Emanuel Ridl, Geschichte de'r biologischen Theorien in der Neuzeit (Berlin: 
Wilhelm Engelmann, 1 9 1 3), chap. 4 § 1 ,  "Der Untergang der biologischen 
Weltanschauung. " 

9. Walther Riese, L 'idee de l'homme dans la nezn-ologie contemp01'aine (Paris: 
Alcan, 1938), 8 (see also 9). 

10. Aristotle, Politics 1 2 5 2a.2 3-1 252b. 
I I .  Hans Spemann was himself an example of the greatest freedom of mind 

in the interpretation of these facts: "Expressions indicating psychological and 
not physical analogies have been constantly used, which implies that their 
meaning goes beyond the poetic image. It must thus be said that the reactions 
of a given fragment of an embryo-endowed with its various potentialities, in 
conformity with the embryonic 'field' in which it is placed-and its behavior in 
a certain 'situation' are not ordinary chemical reactions, simple or complex. 
This means that these processes of development can one day, like all the vital 
processes, be analyzed in terms of chemical or physical processes or can be 
constructed on the basis of them-or rather, that this will not be possible, de
pending on the nature of their relation to another, easily accessible reality, such 
as the vital processes of which we have the most intimate knowledge, psychic 
processes" (Experimentelle Beitrage zu einer Theorie der Entwicklung [Berlin: 
Springer, 1936] ,  2 78). 

1 2 .  In Lucien Cuenot, Invention et finalite en biologie (Paris: Flammarion, 
1941), 2 2 3 , one finds a fairly complete list of these verbal notions coined by 
vitalist biologists. 

1 3 .  Theophile de Bordeu, Recherches anatomiques sur la position des glandes et 
sur leu1" action (Paris: Quillau, 175 1) ,  §64, cited in Charles Daremberg, Histoire 
des sciences 7nidicales (Paris: ].-B. Bailliere, 1 870), 2 : I I 57n2 . Comte was well 
aware that Barthez's vitalism responds "in his early thought, to an evidently 
progressive intention," that is to say, to a reaction against Descartes' and Boer
haave's mechanism (Cours de philosophie positive, lesson 43 [Paris: Bailliere, 
1 864]) .  

14- Wilhelm Roux, Der Kampf del' Theile im Organisnzus: Ein Beitrag zur Ver
vollstandigzmg der mechanischen Zweckmassigkeitslehre (Leipzig: W. Engelmann, 
1 88 1), and Roux, Gesammelte Abhandlungen iiber Entwickelungwzechanik del' 01'
ganisnzen, 2 vols. (Leipzig: Engelmann, 1 895). 

1 5 . We find an example of the nationalist exploitation of a racist interpreta
tion of these facts in the German biologist Adolf Meyer, for whom vitalists are 
naturally Nordic. The Latins, with Baglivi, Descartes, and Comte, are naturally 
mechanists, harbingers of Bolshevism! This is to turn the Montpellier School 
into a rather cheap affair. As for Comte, he took from Bichat a vitalist concep
tion of life that rendered him hostile to cell theory. See Lucien Cuenot, Inven
tion et finalite en biologie (Paris: Flammarion, 1941),  1 5 2 .  

1 6. See the previous chapter, "Cell Theory." 
1 7 . John Scott Haldane, The Philosophy of a Biologist (Oxford: Oxford Univer

sity Press, 1936), 36.  
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1 8. Since this passage was first published, we have dealt with the question in 
full in our La flmzation du concept de refiexe aux XVIle et XVIlle siecles (Paris: 
Presses Universitaires de France, 1955 ;  2d ed., Vrin, 1977) .  

1 9. Gaston Bachelard, "Critique preliminaire du concept de frontiere epis
temologique,"  Actes du 8e Cong;res international de philosophie de Prague ( 1934), 

20. Jean Rostand, La vie et ses problemes (Paris: Flammarion, 1 939), 1 55 ;  em
phasis ours. 

2 1 .  Gaston Bachelard, Etudes (Paris: Vrin, 2000), 75-76. 
2 2 .  Xavier Bichat, Recherches physiologiques sur la vie et la mort ( 1800), article 

7, § 1, "Difference des forces vitales d'avec les lois physiques" (Paris: Vrin, 
1 982).  

2 3 .  [Milieu in French means both "milieu" in the sense of "environment" 
and "center, middle."  See, in the present work, the chapter "The Living and 
Its Milieu."-Trans.] 

24. See, later in the present work, the chapter "The Living and Its Milieu." 
For suggestive indications concerning the same problem, see Haldane, The Phi
losophy of a Biologist, chap. 2 .  

2 5 .  Georg Ernst Stahl, cited by Charles Daremberg in Histoire des sciences 
medicales, comprenant l'anatomie, la physiologie, la medecine, la chirurgie et les doc
trines de pathologie generale (Paris: Bailliere, 1 870), 2 : 1029.  In the same book, 
Daremberg justly says (1022)  that: "If the religious party spirit, or pure theol
ogy, had not seized onto animism, this doctrine would not have outlived its 
author."  

26 .  Philipp Frank, The Law of Causality and Its Limits (Dordrecht: Kluwer, 
1998). 

27. "Eine Maschine als Werkzeug fur den Fuhrer-aber der Fuhrer ist die 
Hauptsache" (Hans Driesch, Die Oberwindung des Materialismus [Zurich: 
Rascher, 1 93 5] ,  59)·  

28. Charles Maurras, Enquete sur la monarchie: suivie de Une campagne royaliste 
au Figaro et Si le coup de force est possible (Paris: Nouvelle librairie nationale, 
1 92 5)'  

29 .  See Aristotle 's De Motu Animalium, ed. Martha C. Nussbaum (princeton: 
Princeton University Press, 1 985) .  

30. It  is  thus unsurprising to see a positivist like Philipp Frank as reticent 
about Marxist dialectics in biology as about vitalism (Frank, The Law of Causality 
and Its Limits, I I6, I I 7, 1 20). 

3 I .  Claude Bernard, An Introduction to the Study of Experimental Medicine, 
trans. Henry C. Greene (New York: Dover Publications, 1 957). pt. 2, chap. 2 :  
"If I had to define life in a single phrase, I should clearly express my thought 
by throwing into relief the one characteristic which, in my opinion, sharply 
differentiates biological science. I should say: life is creation" (93). 

3 2 .  John Burdon Sanderson Haldane, The Marxist Philosophy and the Sciences 
( 1939; New York: Random House, 1 990). 
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3 3 .  Samuel Butler, Life and Habit (London: Triibner, 1 878). 
34. See our "Note sur la situation faite en France a la philosophie biologi

que," Revue de Metaphysique et de Morale 52 (October 1947): 3 2 2-3 2 .  
3 S .  Jean Wahl, Tableau de la philosophie fran(aise (Paris: Editions de la Revue 

Fontaine, 1946). 
36 .  Ibid., 75-82 .  

4- MACHINE AND ORGANISM 

1 .  Julien Pacotte, La pensee technique (Paris: Alcan, 193  I) .  
2 .  Franz Reuleaux, The Kinematics of Machinery, trans. A.  Kennedy (London: 

Macmillan, 1 876). 
3. On matters of machines and mechanisms, see Pacotte, La pensee technique, 

chap. 3 .  
4 - According to Marx, the tool is moved by human force and th e  machine, 

by a natural force. See Karl Marx, Capital, trans. S. Moore and E. Aveling (New 
York: International Publishers, 1967), 1 : 3 74-78.  

5 .  [G. Baglivi, De praxi medica, in Opera omnia medico-practica et  anatomica 
(Venice, 1 727), 78.-Trans.] 

6. On this point, see Charles Daremberg, Histoire des sciences medicales, 2 vols. 
(Paris: ].-B. Bailliere, 1 870), 2 :879. 

7 .  G6mez Pereira, Antoniana Margarita, opus nempe physicis, medicis, ac theo
logis non minus utile, quam necessarium per Gometium Pereiram, medicum Methince 
Duel/i, quae Hispanorum lingua Medina de el Campo apellatur, nunc primum in 
lucem ceditum (Methymme Campi, I S  54). 

8. Alfred Espinas, "L'organisme ou la machine vivante en Grece au IVe sie
de avant J.C.," Revue de metaphysique et de morale ( 1903): 7°2-1 5 .  

9 .  Aristotle, "Mechanical Problems,"  in Aristotle, Minor Works, trans. WaI
ter Stanley Hett (Cambridge: Harvard University Press, 1 980) .  

10. Plato, Timaeus, trans. BenjaInin Jowett (New York: Macmillan, 1987), 
74b6. 

1 1 . Pierre-Maxime Schuhl, Machinisme et ph ilosophie (Paris: Alcan, 1 938) .  
1 2 .  [Ibid., 34--Trans.] 
1 3 . Aristotle, Politics I 2 5 3b2 3-1 254b20 (Cambridge: Harvard University 

Press, 1932), 14-19. [Schuhl, Machinisme et ph ilosophie, 3 2 .-Trans.] 
14- [Schuhl, Machinisme et philosophie, 3 3  et al.-Trans.] 
I S .  Lucien Laberthonniere, "La physique de Descartes et la physique d'Ari

stote," in Laberthonniere, Les etudes SZlr Descm'tes (Paris: Vrin, 1 935), 2 : 287-344' 
1 6. Franz Borkenau, Der Ubergang vom feudalen zum biirgerlichen Weltbild: 

Studien zur Geschichte de'r Philosophie der Manufaktzwperiode (Paris: Alcan, 1 934) .  
[In 1 985,  Canguilhem republished his 1936 essay "Descartes et la technique" 
in L 'esprit dzt mecanisnze: Science et societe chez Franz B01-kenazt, Cahiers S. T.S. 7 
(1 98S): 87-93 ,-Trans.] 



Notes to Pages 82-84 1 7 1 

1 7. La Fontaine's fable "The Cobbler and the Financier" illustrates very 
clearly the conflict between two conceptions of work and its remuneration [in 
The Complete Fables of Jean de La Fontaine, ed. Norman R. Shapiro (Urbana: 
University of Illinois Press, 2007), 1 89-90.-Trans.] 

1 8. [Karl Marx and Friedrich Engels, The Communist Manifesto (New York: 
Penguin, 2002), 2 2 2 .-Trans.] 

1 9. Henryk Grossman, "Die gesellschaftlichen Grundlagen der mechanis
tischen Philosophie und die Manufaktur," Zeitschrift fUr SozialJorschung 2 
( 1935): . 161-2 3 1 .  

20. Pierre Duhem, The Origins of Statics, trans. G .  F. Leneux, V. N. Vag
liente, and G. H. Wagener (Dordrecht: Kluwer Academic Publishers, 1 99 1). 

2 I. Marie Herzfeld, Leonardo da Vinci, der Denker, Forscher, und Poet (Leip
zig: Diederichs, 1 9°4); Gabriel Seailles, Leonard de Vinci: L 'artiste et le savant
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Martineau (London: George Bell & Sons, 1 896), 2 :9.-Trans.] 

1 2 .  In his behaviorist psychology, Tolman also conceives the relationship 
between the organism and the milieu in the form of a relation of function to 
variable. See Andre Tilquin, Le behaviorisnze (Paris: Vrin, 1 942), 439. 

1 3 .  Frederic Houssay, Force et cause (Paris: Flammarion, 1 920) ; ].  Costantin, 
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Gaddis Rose (Albany: State University of New York Press, 1 995), 106. 
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Powe'r, trans. WaIter Kau&nann and R. ]. Hollingdale (New York: Random 
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