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INTRODUCTION 

The Gestation of German Biology 

Historians want to write histories of biology in the eighteenth century, but 
they do not realize that biology did not exist then, and that the pattern of 
knowledge that has been familiar to us for a hundred and fifty years is not 
valid for a previous period. And that, if biology was unknown, there was a 
very simple reason for it: that life itself did not exist. All that existed was liv
ing beings, which were viewed through the grid of knowledge constituted by 
natural history. 

F O U C A U LT, 'J'he 0rderof'J'hings1 

This study traces the gestation of German biology from the debate about 
organism between Georg Ernst Stahl and Gottfried Leibniz at the begin
ning of the eighteenth century to the formulation of developmental mor
phology in the era of Carl Friedrich Kielmeyer and Friedrich Schelling at its 
close. Developments across the eighteenth century in Germany culminated, 
in the decades around 18oo, in the assertion of a new research program. As 
Schelling famously put it in 1798, with Kielmeyer "a whole new epoch of 
natural history" took shape. 2 That gestation needs to be reconstructed. 

In the eighteenth century "biology" certainly did not exist as a disciplin
ary rubric.3 The very term "scientist" was not invented until the nineteenth 
century.4 Prior to that, those who pursued inquiry into the natural world 
went perforce by other rubrics. The set of categories through which I pro
pose to orient my study all derive, quite unsurprisingly, from the protean 
term "nature.'' I term "naturalists" the protagonists in this study. 5 They op
erated in a conceptual field with two distinct poles of orientation. "Natural 
philosophy" explained the physical world in terms of general principles. 6 

"Natural history;' by contrast, described all the plants, animals, and minerals 
encountered in the material environment.7 By the mid-eighteenth century, 
natural history came to a crossroads in its self-definition and articulation 
vis-a-vis natural philosophy. 8 That coincided with some fundamental crises 
within natural philosophy itself concerning the possibility and importance 
of a "nonmathematical physique;' setting the stage for a shift in the "seman
tic field" of natural inquiry, a paradigm shift that has been conceptualized 
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by historians of  science as "vital materialism.''9 My thesis is  that, over the 
eighteenth century, naturalists undertook to reformulate some domains of 
natural history (living things) into a distinct branch of natural philosophy (ul
timately, the science of biology). 

Those who studied the domain of living things before 1800 were quite 
serious and systematic, but what they understood themselves to be doing 
may well have differed substantially from what the discipline of biology 
later saw as its project. Carl Linnaeus (1707-78), Georges-Louis Leclerc 
de Buffon (1707-88), or Albrecht von Hailer (1708-77), the most eminent 
naturalists of the eighteenth century, might well have found themselves in 
a "different world," in a Kuhnian sense, by the mid-nineteenth century.1 0 

But that does not signify that their project did not have vital connections 
to what came after. Like the work of Dirk Stemerding, this study is ani
mated by "fascination with an historical period in which those who studied 
plants and aninials were called 'naturalists' and in which 'biology' was only 
just becoming a catchword, introduced by those who dreamed about a real 
science of 'life.' "11 But my interest is driven by concerns for our own phi
losophy of biology and naturalism more generally.1 2 Accordingly, this study 
is devoted to the historicist project of reconstructing the progress over the 
eighteenth century that opened the way for a "special science" in a presen
tist sense.13 

The word "biology" came to be evoked by a number of theorists inde
pendently around 1800.14 However, in his classic 'ihe Growth of Biological 
'!bought, Ernst Mayr proclaimed that "the coining of the word 'biology' did 
not create a science of biology";  rather, "what existed was natural history 
and medical physiology. The unification of biology had to wait for the es
tablishment of evolutionary biology and for the development of such disci
plines as cytology. "15 Dissenting from Mayr, Trevor DeJager aptly observes, 
"the coining of new terms indicated something significant was happening 
conceptually as well as culturally."16 Thomas Bach makes a similar point: 
"The appearance of the term Biology is an indication of a shift in percep
tion in the domain of the natural sciences in which the necessity of the 
elaboration of a new science that concerned itself exclusively with the phe
nomena of life became manifest.''I7 I contend that the embrace of the new 
term around 1800 signaled a theoretical and methodological convergence 
of natural history with medical physiology in comparative (i.e., zoological) 
physiology that resulted in the field of developmental morphology.18 The 
research program (Fachgebiet) of Naturgeschichte, as it made the transition 
toward historicization, found it increasingly necessary to move from "ex-
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temal" traits (taxonomic description) to "internal" organs, structures, and 

processes (comparative anatomy and physiology) to explain and general
ize its findings.19 Conversely, the Fachgebiet of physiology found it increas
ingly important to create developmental and genetic accounts-not only 
ontogenetically (e.g., in embryology) but even phylogenetically for varie
ties and species. 20 The emergent research program of morphology was, for 
all its equivocations, drawn toward actual historical development alongside 
"ideal" typological sequencing. 21 In that sense, it reached out toward the 
new historicizing Naturgeschichte. Developments in each respective Fachge
biet drew them, in the apt summation of Thomas Bach, to the "same result: 
descent explains the similarities in organization!'22 Kielmeyer was the pio
neer of this convergence. His "physiological theory of forces" and his "tem
poralized natural history" achieved the connection that offered a systematic 
basis for the emergent science. 

W H Y  G E R M A N Y ?  

It makes perfect sense, o f  course, to maintain that the development of life 
science in the eighteenth century was a "transnational" affair and that a na
tional focus can be misleading.23 Nonetheless, there are reasons for a focus 
on Germany. First, the Germans were operating within a distinctive cultural 
context, especially in religion and philosophy.24 Second, and in some mea
sure as a result of the first, historians of biology have looked askance at the 
trajectory of German life science over the eighteenth century, considering it 
foredoomed to the metaphysical errancies they associate with Naturphiloso
phie, ostensibly anathema for any sound constitution of the life sciences.25 
This study aims to rebut that way of thinking.26 I propose to link the gesta
tion of biology in Germany with that most despised phenomenon in the his
tory and philosophy of science, Idealist Naturphilosophie. 

As Frederick Beiser observes, "Naturphilosophie has been ignored or 
spurned for decades, by historians of philosophy and science alike. Its repu
tation suffered gready under the shadow of neo-Kantianism and positiv
ism, which had dismissed it as a form of pseudoscience . . . .  For many phi
losophers and scientists, Naturphilosophie became the very model of how 
not to do science."27 His assessment is apt, and it is shared by Robert Rich
ards.28 I take my stand with Beiser and Richards for a new revisionism.29 
Finally, as Daniel Steuer observes, "there seems to be a growing consensus 
amongst historians of science that the division between empirical science, 
based on experience and experiments, and speculative Romantic Naturphil-
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osophie, based on ideas, is an invention of the later nineteenth century."30 It 
is well-past time to put this prejudice to rest along with all the other com
placent dogmas of the positivist epoch.31 The effort to consolidate biology 
found positive reinforcement in German Idealist philosophy, and instead of 
viewing Naturphilosophie as a contamination, we might view it as historical 
evidence that something essential to the character of biology as a special 
science was at stake, and thus, this episode in the history of biology might 
reopen issues in our own philosophy of biology.32 That makes a specific 
account of German developments indispensable. 

Three contexts seem pertinent in reconstructing what was distinc
tive about the German Enlightenment insofar as it bore upon the gesta
tion of biology. First, in Germany the religious tenor was distincdy stronger 
than in western Europe.33 More concretely, the tension between Pietism 
and "philosophical rationalism" (Wolffian "school philosophy" )  informed 
the trajectory of philosophy (and medicine) in the early Enlightenment.3 4  
Consequendy, my point of departure will b e  the relationship between En
lightenment and Pietism in the medical faculty at the University of Halle. 
Second, ensconcement within academia was a pervasive feature of the Ger
man Enlightenment, given the relative "backwardness" of career opportuni
ties in Germany's public sphere.35 This was true a fortiori for the emergent 
life sciences. My claim is that at least in Gennany the eventual discipline of 
biology gestated primarily in the traditional medical school world.36 Two 
university medical faculties played a decisive role: first Halle and then Got
tingen. Newly formed and animated by a quite innovative temper, Halle 
and Gottingen were from the outset research universities in the sense that 
Wilhelm von Humboldt would later make famous at Berlin, and this was 
true of their medical faculties. Halle had almost half a century of preemi
nence before Gottingen rose to challenge it in the person of Albrecht von 
Hailer. 

A final distinctive characteristic of the German Enlightenment is the ten
sion between the imposition of French cultural models and the assertion of 
a distincdy German national culture. The nascent German culture's adver
sarial reaction to the hegemonic imposition of French standards has been a 
perennial theme, and of course, it remains important; French cultural domi
nance clearly provoked a reactive nationalism.37 But not all French influ
ence was unprofitable, even if it aroused resistance, and as regards the ges
tation of biology, I will argue that the French influence was both substantial 
and salutary. To grasp this creative reception of French "vital materialism" 
around the midcentury in Germany, we must contextualize more concretely 
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the emergent German Aufldarung, especially in the Royal Prussian Acad

emy of Sciences in Berlin (Berlin Academy).38 
In tracing out the gestation of biology in Germany, our itinerary will take 

us through many of these key sites: the University of Halle, the University 

of Gottingen, the Berlin Academy, and ultimately the University of Jena. The 
context provided by each of these sites proved crucial to the constitution of 
the emergent science. 

N A T U RA L I S T S  A N D  T H E  M E D I C A L  FA C U LT Y  

As Roger French made clear in his strikingly titled Medicine before Science, 
crisis had beset the traditional identity of the "learned physician " in Europe 
by the close of the seventeenth century. Physiology had traditionally served 
as "a bridge between medical theory proper and the larger domain of 
natural philosophy "; that is, it dressed medicine with academic learning.39 
But traditional physiology (Aristotle and Galen) had come under direct at
tack by a rival new philosophy, the mechanization of the body, associated 
especially with Descartes. 40 "By the end of the seventeenth century, ... 
the attack on learned physic had succeeded almost entirely."41 According 
to Descartes and the other "mechanical philosophers " of the late seven
teenth century, a universal physics had no place for a distinct life science: 
animate and inanimate matter needed to be submitted to a single method
mathesis universalis-whose principle must derive from physical mechan
ics.42 Descartes concluded that animals had to be mechanisms.43 His im
pact is vivid in the famous opening argument from the Leviathan (1651) of 
Thomas Hobbes (1588-1679) : "Life is but a motion of limbs .... For what is 
the heart, but a spring, and the nerves, but so many strings, and the joints, 
but so many wheels, giving motion to the whole body? "44 

The bete machine hypothesis became the point of departure for a mechanis
tic medicine in the seventeenth century. Later still it evoked the eighteenth
century elaboration of vital materialism, calling Descartes's bluff with the 
notorious proposition that man, too, was a machine. 45 From the outset, 
Descartes's contemporaries "objected that if the bete machine concept were 
accepted, it would be very difficult in the end to prove that man himself 
was not a machine. "46 Thus, the animal-machine hypothesis "was not pri
marily about what animals could do but about the implications for man.'' 47 
The wily skeptic Pierre Bayle (1647-1706) saw all the implications and laid 
them out in his article "Rorarius.'' 48 Physiology was inextricably entangled 
with philosophy, and from this entanglement would spring the concerns 
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that eventually spawned biology. The furious struggles across the entire 
eighteenth century between the defenders of "physicotheology" and their 
dread opponents, the Epicurean materialists, proved, in fact, the birth pains 
of life science.49 

The Italian Giovanni Borelli (1608-79) composed De Motu Animalium 
(posthumous, 1680-81), and it went through fifteen editions from qoo to 
1723, propagating "iatromechanism.'' 50 This view proposed the derivation 
of medical diagnosis and therapy from the physics of motion, a "purely cor
poreal (res extensa) investigation of bodily functions" denying the soul any 
influence in physiologyP Concurrently, an alternative, "iatrochemical" ap
proach proposed to derive medical diagnosis and therapy from the anal
ysis of "mixtures" and "ferments," drawing on the writings of Paracelsus 
(Philippus von Hohenheim, 1493-1541) and Jan Baptist van Helmont (1579-
1644).52 Neither view could oust the other. Because the theoretical state of 
the discipline was in stark disorder, there was simply no doctrinal purity to 
be had. 53 

Adding to the theoretical quandaries was a stark practical challenge. 
Thomas Sydenham (1624-89) confuted the learned physicians and of
fered an alternative, relentlessly practice-oriented medicine, invoking the 
hero of the learned tradition, Hippocrates himsel£.54 Sydenham became fa
mous in Europe for contending that physicians had more to learn from 
natural histories of disease and from case studies of individual patients than 
from either the book learning of the schools or the elaborate experimental 
work in anatomy and chemistry that was preoccupying a number of lead
ing physicians. 55 

Confronted by all these challenges, academic medicine desperately 
sought a new orthodoxy. 56 The figure who achieved a measure of reintegra
tion for learned medicine was Herman Boerhaave (1668-1738).57While he 
was not a m� or innovator, he was able to achieve a fusion of the mechanis
tic approach derived from Descartes with a measure of the "chymistry" of 
the Paracelsians, all the while enthusiastically affirming the Hippocrates
Sydenham emphasis on clinical practice.58 Making it all cohere for over 
1,900 medical students from all over Europe, notably Britain and Germany, 
at the University of Leiden from 1701 to 1738, Boerhaave emerged as the 
"teacher of Europe.'' 59 He enjoyed an unquestioned reputation as the fore
most European teacher of medicine. 60 His personality and pedagogy ex
erted an enormous influence on students. 61 For Albrecht von Hailer, Boer
haave was not only his teacher but his "great scientific and human model.''62 
"To him I owe eternal affection and everlasting gratitude . . . .  Perhaps future 
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centuries will produce his equal in genius and learning, but I despair of 

their producing his equal in character."63 Indeed, Boerhaave served as "Al
brecht Hailer's grand model for his [entire] life!' 64 Given their number and 
eminence, the students of the Leiden medical school-"Boerhaave's men;' 
as they have been called-had a decisive impact on the whole medical pro

fession in the eighteenth century. They formed a crucial medical network 
across Europe, in constant and fruitful communication. 65 Moreover, Boer
haave had a transformative impact on the organization of other medical 
schools. The program at Leiden became the model for the most �dvanced 
medical schools of the eighteenth century. Three great medical schools were 
formed after the image of Boerhaave's Leiden: Edinburgh, Vienna, and Got
tingen.66 The glaring exception was France. Boerhaave had no impact on 
the Paris medical school, and Montpellier ultimately became a bastion of 
support for his great critic, Georg Ernst Stahl (1659-1734).67 

Boerhaave's physiological theories were only moderately mechanist, 
but he was generally taken to be the eighteenth-century standard-bearer of 
this approach, especially after his inaugural lecture of 1703.68 Later, Boer
haave became famous for bedside instruction of medical students. His most 
prominent students, however, did not report attending any clinical rounds. 
Notably, Haller's diary contained "no reference ... concerning this insti
tution," and in the exhaustive manuscripts of Gerard van Swieten (1700-
1772), chronicling the whole sweep of Boerhaave's teachings, "only two clin
ical lectures are mentioned."69 Nonetheless, on questions of practice and 
on questions of theory-particularly in physiology-Boerhaave assumed a 
towering eminence in the ensuing era. 

Medicine was the only academic and professional path for a naturalist 
in early modern Europe, and especially in Germany. As Irmtraut Scheele 
puts it: "Since the career path of the botanist, the zoologist, or even of the 
biologist in general did not yet exist, anyone with a special interest in one 
of these natural sciences was forced to undertake a course of study in medi
cine for the sake of earning a living later."7 0 But within the medical fac
ulty mutations emerged. Central to my account is the "calving " over the 
eighteenth century of research physiology from the larger clinical-practical 
structure and orientation of German academic medicine. There widened a 
decisive division between the clinical-practical direction that the profession 
of medicine clearly sought to pursue and the pure research into a variety of 
life-forms (their relevance often quite remote from human therapeutic ends) 
that a few members of the medical faculty preferred instead.7 1 In short, a 
very important trend-one that would be embodied in the key eighteenth-
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century Gottingen scholars Albrecht von Hailer and Johann Friedrich Blu
menbach (1752-1840), who will be central to my account-was the emer
gence of an increasingly specialized research practice within the traditional 
medical faculty whose agenda proved somewhat at cross-purposes with 
what the larger faculty and profession sought to achieve.72 The new physiol
ogy became a special research field (Fachgebiet) interested not at all in clini
cal application but rather in zoological research for its own sake.73 

For this research community to carve out its own institutional space, it 
would need to create alliances with parallel impulses within academic medi
cine and beyond it. Paula Findlen writes: "Natural history would continue 
to be closely associated with medicine through the eighteenth century. But 
increasingly its leading practitioners studied nature apart from medicine."74 
Thus, neither the greatest of the late seventeenth-century British naturalists, 
John Ray (1627-1705), nor the "prince of naturalists" in the first half of the 
eighteenth century in France, Rene-Antoine Ferchault de Reaumur (1683-
1757), was a physician.75 Key experimental naturalists of the mid-eighteenth 
century, especially the Genevans Abraham Trembley (1710-84) and Charles 
Bonnet (1720-93), would also follow that nonmedical path.76 Perhaps the 
greatest French naturalist of the whole century, Georges-Louis Leclerc de 
Buffon, was no physician either.77 From outside medicine the experimen
tal physiologists were abetted by those who shared their ambitions, both 
experimental and philosophical. In fact, philosophers and physicians came 
together as naturalists to create a curious persona-the midecin philosophe or 
philosophischer Arzt-through which they could articulate a common new re
search domain exploring body-mind interaction and the place of life in the 
order of the physical world.78 

The term midecin-philosophe came to prominence in France around the 
middle of the eighteenth century. The maverick Julien Offray de La Mettrie 
(1709-51), the most notorious example, insisted that only philosophical phy
sicians could penetrate the labyrinth of man. 79 It became a rubric especially 
for the school of Montpellier. Theophile Bordeu (1722-76) was among the 
most explicit in identifying himself as a midecin-philosophe.80 The French 
midecins-philosophes adopted the "optimistic attitude that a physiological 
consideration of man would throw light upon obscure epistemological and 
moral-legal problem constellations!'81 They believed that even "the most 
impalpable and spiritual functions of man were to reveal themselves em
pirically, to exhibit sensible signs, and to permit an empirical analysis."82 

Conversely, the midecins-philosophes "accepted the decisive argument that 
physiological states affected all human behavior, including intellection, acts 
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of will, and moral behavior.''83 This committed them to influxus physicus 
(direct interaction between mind and body) as a methodological premise, 
even if they recognized that they could achieve no metaphysical solution to 
the conundrum of the body-mind interaction (commercium corporis et men
tis).84 Accordingly, they dared intrude into spheres sacrosanct to metaphys
ics, to become philosophical physicians. 8 5  Crucially, this created the oppor
tunity for philosophers who were not physicians to share this persona. Such 
a consolidated cadre of mtfdecins-philosophes-actual physicians and their 
philosophical allies-played a conspicuous role in vitalizing nature in the 
Enlightenment. 

T H E  F R E N C H  C H A L L E N G E : V I TA L  M A T E R I A L I S M  

The struggle to establish autonomy for the German language and German 
culture in light of the brilliance and cosmopolitan ubiquity of French cul
ture in the aftermath of the siecle d'or was intense. 86 French culture shaped 
Old Regime courtly-aristocratic culture across all Europe and certainly in 
the Germanies. Frederick II's Potsdam was a conspicuous instance. 87 There 
is no question that, in the culture-transfer balance, the Germanies weighed 
heavily as importers. The impact of the French on fashion, manners, and 
thought extended well beyond court culture to the urban literate popula
tion. 88 For Germany generally, the period around midcentury saw a massive 
invasion by French ideas. Montesquieu exerted a profound influence. 89 The 
impact of Rousseau was enormous.9 0 Voltaire proved an obstreperous pres
ence not only in text but in person in these years.91 While no materialist, his 
sojourn in Prussia was definitely understood as part of the same inundation 
by the esprits forts. 

Still, it would be misguided to infer that the Germans were passive in this 
situation: there can be enormous creativity in (selective) reception, and this 
they definitely demonstrated across the eighteenth century. Moreover, the 
energies of indigenous creativity were already stirring. By midcentury, not 
only had the Swiss German theorists Johann Jakob Bodmer (1698-1783) 
and Johann Jakob Breitinger (1701-76) challenged Johann Christoph Gott
sched (IJ00-1766) and his French neoclassical gospel of taste, but the Swiss 
German poet Albrecht von Hailer had made a European mark.9 2 And Hailer 
was soon joined by Friedrich Klopstock (1724 -1803), whose Messias, the key 
literary work of German Empfindsamkeit (Sensibility), began appearing in 
1748.93 To be sure, from Berlin, the king of Prussia deemed German a lan
guage suitable only for servants, and only an obscure provincial historian of 
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Osnabriick dared publicly to differ.94 But by the 1770s, a decisive new gen
eration (the Sturm und Drang) would burst upon the scene, and "a German 
way and art'' would prove monuniental.95 

At midcentury, the "German movement" was still embryonic, but a more 
general Enlightenment was well under way.96 The HochaufkHirung (1750-
8o) responded to the striking growth of large cities, especially Hamburg and 
Berlin but also Leipzig and Frankfurt am Main.97 With that growth came 
distinct changes in the cultural milieu. The periodical press took shape, for 
instance.98 In addition to urban newspapers, one of the most important de
velopments was the circulation of a vast number of "moral weeklies;' which 
offered instruction in taste and style along with-as their title suggests-a 
great deal of moral instruction.99 With the rise of the so-called gebildeten 
Stiinde (educated strata) in the cities came a new "public sphere;' redefin
ing the sociocultural meaning of Aufklarung.100 It was no longer a matter 
merely for Gelehrten (scholars). The new Burger needed to achieve indepen
dence in judgment: Selbstdenken. To be capable of thinking for oneself was 
to achieve "maturity [Mundigkeit]."101 

The Berlin Enlightenment, led by the "philosophers on the Spree," as 
Gotthold Efraim Lessing (1729-81) and Moses Mendelssohn (1729-86) have 
been called, provided an indispensable incubation.102 Berlin was a Euro
pean center; 20 percent of its population was Huguenot-French; French 
was an important language not only for Frederick Il's court and for his 
academy but for the city itself. In the Berlin Aufklarung, French-language 
philosophical discourse had a significance that is only now coming to be 
sufficiently appreciated.103 John Yolton's Locke and French Materialism has 
shown that this Francophone discourse turned upon the so-called "Three 
Hypotheses" (occasionalism, preestablished harmony, and physical influx) 
conceived by Leibniz.104 Avi Lifschitz demonstrates a similar centrality for 
"Epicurean naturalism;' especially regarding the link of language with mind 
and culture.I05 Part of the revitalized Berlin Academy's mission under Fred
erick 11 was to introduce into German culture Western-primarily French
Enlightenment ideas, even at the expense of Pietist and Wolffian domestic 
traditions.106 What followed was the influx of French vital materialism and 
its uptake by German Freigeister (free spirits).107 

This high German Enlightenment began the moment that Lessing chose 
to abandon his formal university studies in Leipzig and move to Berlin to 
take up a career as a freelance writer (jreier Schri.ftsteller).108 What made his 
experience possible? The old-fashioned connection to the reign of Freder
ick 11 of Prussia (1740-86) retains its historical plausibility.109 Three par-
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ticular features of his new reign are central here: first, his reinstatement of 
Christian Wolff (1679-1756) at the University of Halle; second, his revital
ization of the Berlin Academy, especially through the recruitment of French 
intellectuals; and third, closely related to this, his interest in fostering "free
thinking " in the sphere of religion. The third connection is tightly interwo
ven with the second because "freethinking;• in the German mind, could not 
be dissociated from French materialism. 

In Germany, Berlin was the unquestioned center of such freethinking, 
with two distinct poles: Frederick II and his court, on the one hand, and 
Lessing and his circle in the publishing world of Berlin, on the other.110 As 
a university student in Leipzig, Lessing had pursued freedom of thought 
and expression into its most problematic quarters. He was drawn to a con
sideration of dissenters and their fates, creating a mini-genre for himself, 
the Rettung, or "vindication," to which he devoted a good deal of writing 
from the late 1740s into the early 1750s.m When he moved to Berlin, he 
brought his commitment to tolerance with him.112 Lessing believed it was 
essential to break loose the idea of freedom of thought from the orthodox 
clerical opprobrium and popular dread it conventionally encountered. That 
goal animated Lessing's pioneering critical journalism in Berlin: "the pen
etrating and constantly repeated call to 'thinking for oneself [Selbstdenken]; 
'judging for oneself [Selbsturtheilen]; is the organizing center of all the indi
vidual efforts regarding the public even in Lessing's early years.''113 He set 
out to cultivate-indeed, to create-a new urban reading public by wean
ing it away from the religious confines of traditional culture, on the one 
hand, and from acquiescence to representations of courtly and aristocratic 
preeminence, on the other. As E. Schmidt puts it, "Even before exposure 
to the dangerous atmosphere of Berlin Lessing was ...  already enlightened 
enough to consider a freethinker, esprit fort, Freigeist something more than a 
puppet with which the moral weeklies like governesses keep their children 
full of fear of the Lord.'' 114 The young Lessing relished the notion of Freigeis
terei and it was central to his personal project. 

The terminology of Freidenker or Freigeister became established only 
around midcentury, displacing an older reliance on imported French terms, 
such as libertin and libertinage. Thus, Zedlers Universallexicon (1736) had no 
entries for Freidenker or Freigeist but did address their conceptual content 
under the French derivation Libertiner.115 By 1758 Johann Mehlig's His
torisches Kirchen- und Ketzer Lexikon had no use for that French term, in
serting instead an article on Freydenker in which Mehlig reported: "that is 
how those are called who would earlier generally have been termed liber-



12 I N T R O D U C T I O N  

tines!'116 Reiner Wild takes this to be a sign that the latter term was "already 
by the midcentury an obsolete usage!'117 The next year, 1759,johann Anton 
Trinius (1722-84) published his remarkable Freydenker-Lexikon.118 Thus, we 
have good grounds for believing that the question of "freethinking" was 
prominent in the German cultural context of midcentury, especially in Ber
lin.119 Vernacular translation did not, however, displace cultural meaning: 
freethinking remained, for Germans, very "French!' As Trinius's fascinating 
lexicon makes clear as well, the connection to Epicureanism and Spinozism 
was constitutive for Freigeisterei. With the opening volumes of the Encyclo
pedie of Diderot and d' Alembert, the "party of the philosophes" achieved no
toriety in Germany.120 One of the casualties of the early French battles over 
the Encyclopedie, the abbe de Prades (1720-82), found refuge in Berlin. The 
most notorious "materialist;' La Mettrie, had already taken refuge there. For 
the indigenous Aufklarung in Berlin, and for Germany more widely, "free
thinking" and French, Epicurean-Lucretian, and Spinozist "materialism" 
came to be inextricably associated. All this would prove fateful for the rise 
of life science in Germany. 



CHAPTER ON E 

Animism and Organism: 
G. E. Stahl and the Halle Medical Faculty 

I am convinced that Stahl, who is disposed to explain animal processes in 
organic terms, was frequently closer to the truth than Hofmann [sic] or Boer
haave, to name but a few. 

P I E T I S M  A N D  E N L I G H T E N M E N T  AT 

T H E  H A L L E  M E D I C A L  FA C U LT Y  

Envisioned from about 1688 and starting its first operations already in 1691, 
the University of Halle celebrated its formal inauguration in 1694. It was 
created by the rulers of Brandenburg-Prussia to train new civil servants for 
the ambitiously expansive territorial state and to serve as a cultural sym
bol of its prominence in Germany by rivaling the nearby Saxon university 
at Leipzig.2 Brandenburg-Prussia had to deal internally with the problem 
of multiple confessions. In 1613, to the dismay of his subjects, the Hohen
zollern Kur:forst (elector) of Brandenburg converted to the Reformed faith, 
even though the bulk of the population in his territories remained staunch 
Lutherans.3 For their training, most Lutheran clergy in Brandenburg at
tended the stringently orthodox Lutheran universities of Leipzig and Wit
tenberg in Saxony. This appeared a double detriment to Hohenzollern dy
nastic ambitions. Thus, both for bureaucratic staffing but also for religious 
policy, a new Lutheran university to rival Leipzig (and Wittenberg) became 
the priority of Frederick 111/1 (b. 1657; r.1688-1713). 4  

The Hohenzollern dynastic strategy found powerful convergence with 
the needs of a new religious movement, Pietism. 5 "[T]he regime in Berlin 
saw in the Pietists a group within the Lutheran church that would be much 
more accommodating toward the Huguenot refugees, much less hostile to 
the Reformed faith in general, and perhaps quite useful to the state as a 
counterweight to the heavily orthodox Lutheran leadership!'6 A new uni
versity at Halle served both Pietist aspirations and those of the dynasty/ 
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1\vo figures proved central in establishing the character of the new uni
versity: the legal and political philosopher Christian Thomasius (1655-1728) 
and the Pietist theologian and activist August Hermann Francke (1663-
1727). 8 When he was named professor of Greek and Oriental languages, 
Francke was also appointed pastor of the Lutheran congregation in the 
Halle suburb of Glaucha, where he inlmediately began active social reform. 9 
The famous orphanage (Waisenhaus) and its penumbra of attached institu
tions (the so-called Halle Anstalten) made Halle a remarkable venue for ex
periments in social welfare. The educational institutions that Francke es
tablished at the Anstalten were as important as his orphanage.10 From very 
early on, Francke included medical care for his orphans and the local poor 
as part of the Anstalten. The manager of the highly lucrative Anstalten phar
macy, Christian Friedrich Richter (1676-1711), took charge of medical care 
in 1697, working closely with Francke in institutionalizing "Pietist notions 
about the meaning of illness and health."11 By 1708, substantial medical op
erations were under way at the Anstalten, with student volunteers from the 
Halle medical faculty working with the patients in exchange for free meals 
and thus gaining important clinical experience. Eventually, this program 
was taken over by Johann Juncker (1679-1759), who proceeded to make 
clinical training at the Anstalten part of the official curriculum of the Halle 
medical school after 1716.!2 

Medical enrollment at Halle had remained very low until Juncker's in
stitutionalization of clinical training at the Anstalten. By the 1730s over five 
hundred students were enrolled in the Halle medical faculty.B Several co
horts of students, otherwise too impecunious and socially marginal to have 
had any other opportunity, received their preliminary education via the An
stalten and eventually attended the university with substantial assistance 
(e.g., the famous Freitische) from the Anstalten, in exchange for services to 
its charitable institutions of education and health care.14 Tension between 
high-living and high-class law students and the more abstemious theologi
cal and medical students marked an important cultural divide within the 
university, leading to a famous allegation about attending Halle: " 'Halam 
tendis? Aut pietista aut atheista reversurus!' ('So you're going to Halle? You'll 
return either a pietist or an atheist!')!n5 

The Halle medical school played a major role in the gestation of Ger
man biology in the first half of the eighteenth century. It was a tiny faculty, 
founded with only two professorships, extended to three in 1718, and not to 
grow again until 178o. The founding faculty, Friedrich Hoffmann (1660-
1742) and Georg Emst Stahl (1659-1734), presided from the university's 
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founding in 1694 to Stahl's departure for Berlin in 1715. Hoffmann was the 
first called to the faculty, and he proved decisive in configuring its program, 
"introducing into medicine at Halle the innovations of the Dutch and the 
English!' 16 Stahl joined the faculty only two years after Hoffmann, and they 
were friendly rivals until 1715, when Stahl was called to Berlin to become 
head of the Royal College of Medicine. Notably, in their earlier careers both 
Hoffmann and Stahl had close relations to the Pietist movement, and evi
dence suggests Francke played a role in their recruitment to HalleP 

All in all, what distinguished the Halle medical school in its heyday was 
the prominence of its two great theorists. The medical faculty had real weak
nesses in other areas, however. Hoffmann and Stahl had "neither resources 
nor facilities [weder Hilfsmittel noch Anstalten] at their disposal to carry out 
their teaching mission," one historian has noted. 18 Another is even more 
critical: "For its first decades Halle had no theatrum anatomicum or even 
a hortus medicus . . . .  Compared to Leiden, 'science' was at a minimum!'�9 
The medical faculty at Halle was not nearly as advanced as Leiden in basic 
physics and chemistry and severely lacked facilities for direct experiment in 
botany and anatomy. In the area of medical theory, "physiology and physi
ological chemistry are absent as independent disciplines in the curriculum 
of Halle in the eighteenth century!'20 The botanical garden got a tiny start 
on a tract of land acquired in 1683; after the medical school was established, 
this garden was entrusted to Stahl, but he left it "utterly neglected [vijllig 
verwahrlost]!'21 Things proved no better under his successor.22 There was no 
anatomical theater until 1725, when Georg Daniel Coschwitz (1679-1729) 
started one at his own expense; it became operational only in 1727.23 Co
schwitz (MD, Halle, 1694) was a student of Hoffmann's and Stahl's who 
became extraordinary professor in 1716, then third ordinary professor in 
1718. When he died in 1729, no ordinary professor of anatomy replaced him 
(his full professorship went to Juncker, instead), and so extraordinary pro
fessors (professors who did not receive salaries) had to take it up. That in
cluded buying the anatomy theater from Coschwitz's heirs! These anatomy 
instructors proved mediocre, leaving the field in limbo at Halle for the bet
ter part of two decades.24 The contrast with Leiden (and eventually Gottin
gen) could not be more striking. 25 

Jiirgen Helm argues compellingly that one cannot separate the history of 
the medical faculty from the history of the Halle Anstalten.26 In Francke's 
theology, the source of illness was sin; the affliction was a test from God 
for the already pious and a warning from God to the impious. Thus, ill
ness required a "soul-cure" as well as a "body-cure." Only God's inter-
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vention would ultimately heal, though the physician should also work on 
the physical symptoms. This approach to medical practice, which Helm 
calls "Waisenhausmedizin!' dominated not only the Anstalten but the Halle 
medical faculty, where it merged fully with Stahl's theoretical approach and 
with the clinical orientation that Stahl and Hoffmann shared. 

Unquestionably, "Stahl's medical theory became a rallying-point for 
Pietism!'27 By contrast, Hoffmann "did not share the ideological [weltan
schauliche] opposition of Pietism towards dualism and rationalism/' even 
though he "sincerely supported Pietism's practical concerns in Halle."28 

Hoffmann, as Roger French discerns clearly, saw himself as a moderate, an 
"enlightened Pietist," who did not wish to let the differences between his 
theoretical stance and that of his esteemed rival, Stahl, become divisive; 
rather, he believed that they should serve as complementary stimuli in the 
education of medical students at Hall e. 29 The diversity was, in his view, con
structive and contained, especially via the convergence of views concerning 
practice. In Stalrl, by contrast, Pietists perceived an "unequivocal emphasis 
on the soul and its power to influence the body . . .  in relation not only to 
the physiological but to the pathological!'30 His psychosomatic conception 
of the origins of illness seemed to have tight affinities to Waisenhausmedizin. 

Most of Stahl's famous disciples came through the Anstalten. They were 
particularly important in translating and popularizing Stahl's difficult Latin 
texts. Francke's close associate Christian Friedrich Richter published the 
most famous popularization of Stahl's system: Hochst=Nothige Erkenntnis des 
Menschen, sonderlich nach dem Leibe und natiirlichen Leben (1710).31 Another 
key disciple was Christian Weisbach (1684-1715), who studied first with 
Stahl before obtaining his MD at Easel in 1711, then published the Stahl
Pietist guidebook Wahrhaffte und griindliche Cur aller dem menschlichen Leibe 
zustossende Kranckheiten in 1712.32 A mainstay for the learned physicians was 
Johann Storch's Praxis Stahliana, das ist Herrn Georg Ernst Stahls . . .  Collegium 
Practicum (1728; 2nd ed., 1732; 3rd ed., 1745), about 1,500 pages long.33 Mi
chael Alberti (1682-1757),johannjuncker, and Johann Samuel Carl (1676-
1757), all Stahl students, published compendia of his ideas for classroom 
use.34 Carl was Stahl's "most highly-esteemed student [gepriesener Meister
schiiler]." He received his MD in 1699, then went on to edit Stahl's works 
and publish a key popularization: Zeugniisse von Medicina Morali (1726).35 
These disciples adopted Stahl's medical doctrines but inflected them in a 
clearly religious vein, along the lines of Francke's theological approach 
to illness. 

After his departure from the Halle medical faculty, Stahl's acolytes AI-
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berti and Juncker upheld the teachings of their absent mentor and partic

ipated actively in the Pietist campaign against the philosopher Christian 
Wolff (1679-1756), culminating in his 1723 expulsion from Halle and Prus
sia.3 6 Totally rooted in Francke's Pietist Waisenhausmedizin, they dominated 
the medical faculty from 1715 through the 1730s. Both of these figures had 
begun as theologians, then switched to medicineP Alberti assumed Stahl's 
chair in 1715, when the latter moved to Berlin. Juncker received his MD 
at Halle in 1717 at thirty-seven years of age, under Alberti. He continued 
to work at the Anstalten while he simultaneously served as Doctor legens 
(Privatdozent) for twelve years in the medical faculty. He received appoint
ment as an ordinary professor only in 1729, after the death of the anatomist 
Coschwitz, and he never received an adequate salary.38 Together, Alberti 
and Juncker contested the aging Hoffmann within the Halle medical faculty 
until the triumphal return of Wolff in 1740. Alberti in particular showed 
strident hostility to Hoffmann's theory, attacking it publicly in Specimen me
dicinae theologicae (1736), a fusion of Stahl and Waisenhausmedizin.39 

Already from the beginning, as the architect of the curriculum for the 
medical faculty, Hoffmann had been committed to linking the pursuit of 
a medical degree with natural-philosophical training.4 0 Most of his stu
dents took a strong interest in physics and chemistry and showed less con
cern with theology than the followers of Stahl. Hoffmann's connection with 
Christian Wolff grew closer after Stahl left Halle and Wolff assumed respon
sibility for the physics courses. 4 1  Wolff 's forced departure in 1723 must have 
been a blow to this curricular commitment. After the expulsion of Wolff, 
Alberti took over both physics and botany, concentrating primarily on the 
teaching of physics, but he was not really up to that demanding role, espe
cially in the era of Newtonian ascendancy.4 2 Coschwitz remained respon
sible for anatomy and in fact showed more concern for botany than did Al
berti, but he died in 1729. Thus, "in Halle through the forced exile of Wolff 
in the years between 1723 and 1740 there was temporarily a notable nar
rowing of the hitherto prevailing universality of natural-scientific educa
tional opportunities [Ausbildungsganges]."43 

In that measure, Alberti personified the "atrophy" (Erstarrung) of the 
university under the hegemony of Pietism. 44 He published his most aggres
sive disputation of Hoffmann in 1736 and followed it in 1740 with a polemic 
against all mechanistic medicine, Medicinische Betrachtung von den Kraften 
der Seelen nach den Unterscheid des Leibes, deriding mechanism as mere "pup
pet theater.''4 5 He insisted that there had to be a "principle of intelligence" 
in living things that transformed them from machines into organisms.4 6 
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Thus, Alberti reasserted in particularly polemical fashion the Stahlian/Pi
etist viewpoint. It was in these years that Hoffmann composed not only his 
final system of medical theory but also a formal discrimination of his posi
tion from that of the Stahlians (published only posthumously, in 1746)Y 
Stahl and Hoffmann had been friendly rivals since 1694, and Stahl had 

been dead for some years, so why was it only so late that Hoffmann took 
this step? It was not Stahl personally that Hoffmann wished to dispute but 
rather his adamant and insolent epigones. When Alberti took over the field 
of physics with such limited efficacy, Hoffmann saw himself as the belea
guered defender of the natural sciences at Halle. Two of the three ordinary 
professors in the medical faculty after 1715 were adamantly Pietist Stahl
ians, and they had powerful allies in the wider university throughout the 
period in question. Hoffmann's commitment to extensive training in the 
natural sciences stood in stark contrast to the more spiritualist leanings of 
those, like Alberti and Juncker, committed to Waisenhausmedizin. Thus, the 
last years of Hoffmann's career at Halle can be characterized as a period of 
embattlement. In any event, he was hardly unhappy to see Wolff's return. 

The royal reinstallation ofWolff in 1740 represented the thorough de
feat of Pietism within the university. Combined with the death of Hoffmann 
shortly thereafter (1742), it also set the stage for a third generation in the de
velopment of the medical school.48 These naturalists have come to be called 
the "rational physicians [vernunftige Arzte]" in German historiography.49 
The most prominent figures were Johann Gottlob Kriiger (1715-59) and his 
student Johann August Unzer (1727-99).50 Primarily Hoffmann's students, 
they pursued a dual degree program: accreditation in natural philosophy 
(mathematics, physics, and chemistry) as well as in medicine.H The new 
generation of medical researchers at Halle were trained in an energized 
environment of rival medical and cultural theories, between Hoffmann's 
"mechanism" and Stahl's "animism;' between Pietism and Wolffian ratio
nalism, and between "eclectic" or "popular philosophy" and "school philos
ophy.'' After Hoffmann's death, they sought not only to reconcile these con
flicting traditions but also to move beyond them into new terrain, especially 
in physiological psychology.52 Kriiger and Unzer saw themselves called 
upon to address the blatant preponderance of the "Herrn Stahlianer.''53 
Kriiger's key manifesto of the group, Grundriss eines neuen Lehrgehiiudes der 
Arzneygelarhtheit (1745), needs to be seen as a response to just this contro
versy within the medical faculty. 54 Unquestionably, Kriiger was the key fig
ure in this Halle "constellation.'' As Carsten Zelle puts it, "Kriiger medi
ated between systems-thinking and empiricism, mechanism and organism, 
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philoso ph y  and medicine, o lder and you nger generatio ns; h is wo rk s tands 

betw een natu ral s cience ( e. g., h is Naturlehre) and li terature (Cf'riiume)!'55 Un
z er became h is mos t  dis tingu ish ed s tu dent. 56 Th ere was a cru cial co nver
ge nce between Hoffm ann's pro te ges in medicine (Krii ger, Unzer, et al. ) and 
revis io nis t Wolffia n  philoso ph ers at Hall e ( Alexander B au mgarten [ 17 14- 62] 
an d es peciall y Geo rg F riedrich M eier [q 18-77] ) - namely, in " ph ys io lo gical 
ps ycho lo gy, "  " ps ycho medicine, "  and " ph iloso ph ical patho lo gy. " At the co re 
was a co ncern with wh at Chr is tia n Tho mas ius h ad al ready h ighl igh ted: Af 
fektenlehre, the co nceptual izatio n o f  th e feelingsY F eel ings h ad bo th a ph ilo 
soph ical and a ph ys ical regis ter: th ey were a to pic o n  wh ich th e dis cipl ines 
cou ld co nverge and, indeed, co ns titute a new " intermediate" s cience. 58 

Yet by 17 5 0  th e u nivers ity h ad al lo wed th is extrao rdinary poo l  o f  talent 
to dis pers e, and the medical facul ty fo rfeited its leadersh ip to o th er centers 
i n  Germany. Strikingly, the nu mber o f  o rdinary pro fesso rs in th e medical 
s choo l s tagnated at th ree fro m  1718 u ntil late in the centu ry. Wh at h ap
p ened? F irs t and fo remos t was the u nderfunding o f  th e u nivers ity: virtuall y 
no i ncreas es in the o rigi nal endo wment fo r facu lty s al aries aft er th e inau gu
ratio n era. F ew new o rdinar y  (i. e., s alaried) pro fesso rsh ips were created
none in th e medical facu lty. That meant th at existi ng s al aries h ad to be can
ni ba lized, facu lty h ad to s ecu re mu ltiple appo intments, and, wh en poss ible, 
s eek ou ts ide inco me. 59 As Wilh elm Schr ader repo rts, " th e  paltriness [Gering
fogigkeit] o f  s al aries fo r th e major ity o f  the pro fesso rs, the call to o thers with 
no gu aranteed s alary at all, h ad to wo rk advers ely u po n  their s tatus and 
in dus try, as well as u po n  th e h armo ny o f  th e who le facu lty. "60 Th e u psho t 
w as th at Hal le faded fro m the fo refro nt o f  th e German Enligh tenment and 
o f  German medicine, to be dis placed by F rederick's Academy and Hailer's 
Gotti ngen. Th e Univers ity o f  Hall e experienced a dramatic decl ine in enro ll
m ents startin g arou nd midcentu ry. B y  177 5  the nu mber o f  newly matr icul at
i ng medical s tudents h ad dwindled to thir ty-s even. 61 

O R G A N I S M :  T H E  P H I L O S O P H I C A L 

P H Y S I O L O G Y O F  G E O R G  E R N S T  S TA H L  

F ro m  its mo ment o f  fou ndatio n, the Halle medical s choo l enjo yed th e 
pres ence o f  two o f  th e greates t Eu ro pean medical eminences o f  th e ep

o ch :  F riedrich Hoffm ann and Geo rg Erns t Stah l. Th ey were th e o nl y  ph ys i
cians in Germany who coul d be thou gh t to appro ach th e s tature o f  Herman 

Bo erh aave (16 6 8-17 38), who made the Univers ity o f  Leiden th e mecca o f  
m edical edu catio n fo r al l Eu ro pe. In Ho ffmann, Hal le h ad a s cho lar al igned 
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with Boerhaave both in the ambition to integrate teaching and practice and 
in the avowed mechanism of his general theoretical orientation. His Funda
menta Medica antedated by several years Boerhaave's great manifesto of this 
position, the inaugural lecture of 1703. Like Boerhaave, Hoffmann wished 
"to have done with supposed 'forces,' innate powers, spiritual ephemera."62 

His iatromechanism aimed at the "establishment of a 'technomorphic model 
of the organism'"-that is, one that found in material movements sufficient 
causal patterns to account for organisms. 63 Even more notably, Stahl, Hoff
mann's colleague in the Halle medical faculty, stood forth as the greatest op
ponent of the Boerhaavian orthodoxy in theory-an energetic and rigorous 
critic of mechanism. 

Three vantages have dominated the appraisal of Stahl. One arose in con
nection with the rise of vitalism in the eighteenth-century French medical 
school at Montpellier, where the influence of Stahl was substantial. 64 A to
ken of this, from 1806, was the hyperbolic estimation by the French medical 
theorist Pierre Cabanis (1757-1808) that Stahl was the greatest figure in 
medicine since Hippocrates!65 French scholars thereafter sought to grasp 
Stahl's position in order to clarify that of the Montpellier vitalists. Thus, a 
full translation of Stahl's major works into French had taken place already 
by the middle of the nineteenth century.66 Joseph Tissot elaborated the re
lation between Stahl and the Montpellier vitalists in the editorial appara
tus to that translation, and even more prominently, Albert Lemoine made it 
the theme of an important monograph.67 Interest in Stahl's medical theory 
remained alive in France, as evidenced by the publication of a significant 
monograph in the 1930s.68 This connection to Stahl remains important in 
recent scholarship on Montpellier vitalism by scholars like Elizabeth Haigh 
and Roselyn Rey.69 In the 1940s, the German scholar Bernward Josef Gott
lieb recognized this French appropriation and endeavored to revive interest 
in Stahl's work within German scholarship.70 The great German historian of 
physiology Karl Rothschuh picked up this thread and carried it forward.71 

A second vantage, focusing far more on Stahl's immediate context, has 
accentuated his connection with Pietism at Halle. Pietism shaped all three 
generations of the Halle medical faculty. That vantage has structured the 
account of the medical faculty just sketched above. The issue is whether this 
suffices to account for Stahl's role in the gestation of German life science. 
Concentrating on Pietism distorts Stahl's physiological contributions, mak
ing "animism" betoken a notion of organism that is not really adequate to 
his ideas. In what follows I will try to rescue organism-and even animism
from a too thoroughly Pietist reading. 
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Crucially for my account, a third vantage recognizes that Stahl's place 

in the history of German medicine came to be defined by the antipathetic 
appraisal of his work by the Gottingen physiologist Albrecht von Hailer 
(1708-77).72 From a position of professional dominance at the middle of the 
eighteenth century, Hailer denounced Stahlian "animism" continually and 
harshly.73 Haller detected Stahl's baleful influence elsewhere in European 
medicine: not only in contemporary Montpellier, whose key figures proved 
hostile to his own theories, but also in Edinburgh, where Robert Whytt 
(1714-66) elaborated ideas about animal physiology that directly contested 
those of Hailer. 74 Whytt seemed just another Stahlian animist, in Hailer's 
view.75 Hailer's polemic against Stahl shaped the historical account of Ger
man medicine thereafter, and largely to this day. 76 

This Stahl-Haller conflict shaped the consolidation of a new research 
program in German physiology over the course of the eighteenth century. 
Late in that century, as Hailer's own stance came under criticism, aspects of 
Stalli's views received more favorable mention.77 We find this evidenced in 
two of the most important German thinkers of the second half of the eigh
teenth century, Immanuel Kant (1724-1804) and Johann Friedrich Blumen
bach (1752-1840), both of them avowed admirers of Hailer. Kant lauded 
Stalli in a quirky text from the mid-176os, Dreams of a Spirit-Seer, which has 
served as the epigraph for this chapter.78 He took the same line in a brief 
rectoral address at Konigsberg in 1786.79 Blumenbach began as Hailer's de
voted disciple, and he proffered his positive assessment of Stahl only long 
after his master's death. In 1786, in his influential journal for contemporary 
medical theory, Medizinisches Bibliothek (Gottingen, 1783-88), Blumenbach 
wrote that Stahl was ''without contest one of the greatest, deepest-thinking 
physicians the world has ever seen. His reputation deserves to be revived 
especially in a time in which seeds that he sowed so many long years ago 
are just now bearing riper fruit and in which his important principles, with 
some changes and limitations, have become virtually the ruling ones in the 
enlightened parts of Europe!'80 

Over the eighteenth century, within the German medical schools, the 
issue of organism would prompt a diversion from clinical training oriented 
to human health into experimental and theoretical investigations of general 
animal physiology. Stahl strongly opposed this diversion of interest, though 
ironically he became one of the key theoretical progenitors of its develop
ment, especially with regard to its central concept, organism.81 With Stahl, 
if against his own intentions, began the crucial impetus toward autonomy 
of physiological inquiry within German medical schools. He epitomized 
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the crucially generative exchange between physiology and philosophy, es
pecially concerning what distinguished the living from the nonliving, on 
the one hand, and concerning how body and soul could constitute a unity 
in human life, on the other. 8 2  The massive synthesis of his views, '1heoria 
Medica Vera (1708), became the point of departure for medical theory in 
Germany for the balance of the century, notwithstanding his readers' in
tense complaints about the stylistic impenetrability of its 1,500 or so dense 
Latin pages. 83 

Stalli was first and foremost concerned with the crisis of learned medi
cine by the close of the seventeenth century and its desultory consequences 
for clinical practice. Learned medicine had a venerable tradition, but Stalli 
urged that it needed to keep its focus on therapeutic efficacy, not theoretical 
speculation or bibliographical connoisseurship. 84 "Precisely here lies the 
foremost sin of this sort of medical study, that it has become the custom 
to rely more upon tradition, the opinions and achievements of others, than 
to pursue the truth for oneself!'8 5  All that really mattered, in his view, was 
how medical learning played out in the clinical situation. 86 Stahl worried 
especially about the influence on medical ideas from recent trends in meta
physics and in the physical sciences. Fascination with "theory " was proving 
the ruination of medicine as a profession, as Stahl saw it, and his publica
tions aimed first and foremost to insulate clinical medicine from theoretical 
interventions (philosophical or natural-scientific) that would limit effi
cacious treatment. 8 7  He was confident that his own generalizations were 
soundly grounded in clinical evidence, whereas his rivals forced matters 
either on purely metaphysical grounds (e.g., Cartesian dualism) or in the 
haste to build a coherent system (thus, the iatromechanists after Descartes
Boerhaave and Hoffmann preeminent among them). Stahl became the 
most important German proponent of a contemporary uprising in clini
cal medicine led by the English physician Thomas Sydenham (1624-89). 
Like Sydenham (and, indeed, Boerhaave himself ) Stalli evoked Hippocrates 
as the founding advocate of concrete clinical observations as against theo
retical speculations. 88 But, quite characteristically, Stahl added: "it would 
be superfluous to revere Hippocrates as an authority since the matter lies 
before our eyes in coundess examples!'8 9  

For Stahl, there was even the prospect of an inverse relation between 
theoretical sophistication and therapeutic efficacy. 9 0  He argued that young 
students of medicine ran the risk of getting so caught up in the theoretical 
pursuits of chemistry or anatomy, of physical natural science more gener
ally, that they became inept at actual clinical practice.9 1 Stahl invoked this 
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hostile stereotype even as he elaborated 1,500 pages of theory! That para

doxical stance, as much as the specific theses he articulated, makes Stahl a 
crucial point of departure for the developments within the German medical 
faculty that would result ultimately in a separate science of biology. Quite 
simply, it was everything he wanted to avert, and yet he proved seminal for 
its elaboration. 

The fundamental tone of Stahl's writing was disputatious, intended 
to shake conventional perspectives. Stahl understood himself as a rebel 
against orthodox medical thought and expected (and received) a hostile re
sponse starting from his earliest theoretical publications of the 169os.92 He 
observed acerbically: "Ten experts in the art, if called together for a consul
tation, will not only differ, condemning one another's manner of thinking 
and practice, but when it comes to treatment will recommend an entirely 
different, indeed essentially opposed course of action!'93 This cognizance of 
the crisis in learned medicine .made Stahl radical both in substance and in 
tone, "as if I came from another world!'94 Thus, Hailer's famous character
ization of Stahl as "homo acris et metaphysicus;' though unsympathetic, was 
not altogether unfounded. 95 

For all his emphasis on clinical outcomes, Stahl was a theorist. He set out 
from the ontological posit that matter was passive-inert in the strict, Carte
sian sense.96 This was a postulate shared widely in the mechanistic natural 
philosophy of the late seventeenth century.97 From that vantage, matter had 
in itself no propensity to movement. Since motion arose from external im
pact, its ultimate source lay beyond the merely material.98 Stahl showed no 
recognition of uniform rectilinear motion as equally inertial as a state of 
rest. Thus, he was less a critic of Newtonianism than oblivious to Newton's 
interventions in physics.99 He showed no attentiveness to the idea of any in
terstitial void or empty space between bodies or, consequendy, to the ques
tion of action at a distance, since for him matter was a plenum and motion 
was transmitted from one contiguous body to another. The minimal attun
ement to the mathematical in Stahl's discussion of physics is a further token 
of absence-rather than rejection-of Newtonianism. 

Stahl, it must be remembered, was one of the most important chemical 
theorists of his time, generally credited with the invention of the phlogis
ton theory.10° For Stahl, the material world presented itself in the form of 
chemical "mixtures" and aggregates of varying levels of complexity and 
integration.101 The crucial point Stahl wished to derive from this concep
tion of the material order of nature was that there was a decisive difference 
between inorganic compounds and living things.102 This marked the insu-
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perable divide between physics and medicine, as well as between artifice 
and nature. Physics could no more explain life through mixtures than ar
tifice could concoct life from mixtures.103 Stahl, like Boerhaave, was one of 
the pioneers of chemistry in the first half of the eighteenth century, but it is 
striking that both of them expressed grave reservations about the direct in
corporation of chemical theories into medical practice. 

This suspicion of physicochemical foundations for medicine drove 
Stahl's quarrel with mechanism. "The economy of life [oeconomia vitae] has its 
own laws . . . .  [It is not a derivative enterprise] as if the sphere of medicine 
were so impotent that it had to look to the grace of others . . . .  Only since the 
subdeties and inventions of Cartesianism were adopted into medicine have 
physics, mechanics, and related disciplines taken on such arrogance."104 

Thus, "it was a true maxim propounded by the older physicians that the 
physician begins where the physicist leaves off.''105 The "worst damage" to 
medicine arose with "the transplantation of a physical consideration of the 
body into the domain of medicine.''106 "The material theory of body and its 
mixtures offers no utility for the physician . . . .  Knowledge of these mate
rial relations therefore belongs to physics, and if one expects from this an 
advantage in pathology, he is deluding himself . . .  [and] confusing physical 
etiology with medical pathology."107 Above all, Stahl insisted that the actual 
character of organic life-in humans as well as other living things-entailed 
an immanent purposiveness that could not be derived from merely physical
chemical processes. Even anatomy, because it dealt with dead things, could 
not access the complexity of life.108 It was on this basis that Stahl so noto
riously disputed the study of anatomy and chemistry-indeed, all physical 
sciences-for medicine.109 

Life-forms were not only elaborately complex collections of mixtures 
and aggregates ("heterogeneous aggregates," in Stahl's terms) but also, by 
that very fact, far more vulnerable to degeneration.U0 And yet they resisted 
this ongoing decay. m This was the single most important empirical obser
vation for life science, the key to a conception of life itsel£.112 The capacity 
to resist an ongoing propensity to dissolution defined life. The crucial ques
tion for medical theory, then, was how life accomplished the resistance of a 
body to its immanent propensities to degenerate, to die.113 Stahl made this 
the point of departure for his physiology: "Above all else, consequendy, it 
comes down to this: to know, what is life?"114 His physiological theory took 
as its point of departure developments associated with both iatromecha
nism and iatrochemistry-foremost, William Harvey's (1578-1657) discov
ery of the circulation of the blood and the work of Jan Baptist van Helmont 
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(1579-1644) and Thomas Willis (1621-75) on "fermentation."115 This was al

ready clear in his 1692 text, De Motu CJ'onico Vitali, where Stahl took up Har
vey's circulation theory and suggested that it needed to be supplemented 
by an evaluation of the response of the tissues at the extremities served by 

the capillary system, whose differential porosity and pressure regulated the 
metabolic functions of the blood and consequendy the general health of 
the organism.116 

Living things ("animated" matter) could not be understood as passive; in
deed, only an internal principle of self-organization and maintenance made 
sense of the empirically observable phenomena, Stahl insisted. This agency, 

ex hypothesi, could not be a property of matter, yet it also had to organize, 
control, and sustain the material composite that was the body of a living 
thing. It had to be causally effective. "Not the matter of the body-anatomy, 

chemistry, the 'mix' of fluids-but rather their interdependence" was essen
ti.al.117 Life was radically more than physics. It was this crucial concern for 
the agency of organic life that, Stahl insisted, no mechanical model could 
address.118 Indeed, not only for Stahl but for an increasing segment of his 
contemporaries in the new century, mechanism simply could not account 
for all that.119 

He chose to use the term anima, or "soul," for his own exposition, but he 
explicidy offered as synonymous the ancient Hippocratic notion of physis 
and numerous others.12° For Stahl,physis and its subsequent elaboration in 
Aristotelian-Galenic discourse as psyche or anima quite clearly gestured to 
the same principle of life.121 He was not fixed on the tenn but on the func
tion.122 It was the power to animate, to keep the living thing in process. 
Movement was its key feature: life or soul was the principle that moved mat
terwithin the living body.123 It kept the processes of the living thing in con
stant motion, alimenting its tissues and removing their decay or waste (i.e., 
it was motus tonicus vitalis). Health was the routine success of this meta
bolic circulation, and even illness could be construed as a stressed accentua
tion of these movements, a more febrile effort to keep things moving and 
to free the organism of its degenerating elements -hence the interpreta

,tion of fever in Stahl's pathology. Illness was actually rare in a human life, 
he maintained; nature saw to it that humans stayed healthy for the most 
ipart. Indeed, this was the primary sense of physis in Hippocrates, that nature 
was the true guarantor of health, and the physician's role was secondary, 

assist in this natural cure. Stahl characterized the first, natural force as 
and the second, therapeutic intervention as synergy, cooperation.I24 

enunciated this as his own essential program.125 
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Neither soul nor body could act without the other. Medically, it had 

never made sense to cut the body off metaphysically from the soul. This 
was a dead end, for without some way of accounting for their interaction, 
medicine was at a loss not only in its diagnostics but in its therapies. The 
interaction of soul and body had, accordingly, long been a preoccupation 
of medical theory, from the all-encompassing principle of physis in Hip
pocrates, through the psyche/ anima of Aristotle, to the tripartite soul of Ga
len, with its vegetative, animal, and rational dimensions.126 The modern 
iatrochemical tradition had elaborated on this construction with the con
ception of the archaeus; various theories of "animal spirits" thronged the 
medical literature of the later seventeenth century, seeking to bridge the 
metaphysical gap between material and mental substances so sharply ren
dered in the Cartesian system.I27 Neoplatonists like Roger Cudworth and 

Henry More offered similar notions of intervening principles between the 
divine and the natural order. Stahl disparaged proliferation of intermediate 
entities between soul and body; postulating them did not bring investiga
tors one step closer to a theoretically viable account.I28 Thus, he insisted, all 
medical theory needed was a single notion of soui.I29 It had to be a rational 
soul, in his view, but Stahl distinguished between logos and logistikos, rea
son and ratiocination.I30 Rationality entailed purposeful order; it did not 
require explicit, intentional articulation, or what Stahl called ratiocination. 
The essential physiological operations of nutrition, circulation, secretion, 
and excretion rationally and purposefully organized the body's motions; 
hence, for Stahl the soul proved effective (i.e., rational), without requiring 
articulated forethought.131 While, to be sure, the human soul operated in 
both registers, intentional articulation was not necessary for the rational 
efficacy of the soul in the body. This rational soul, as contrasted to the ratio
cinating one, could be discerned as readily in the function of animals as in 
humans. In that sense, the souls of animals were every whit as "rational" as 
those in humans.132 

Enormous controversy has beset Stahl's notion of "soul.m33 Tradition
ally, his position has been termed "animism?' but "animism" is itself no 
unequivocal notion.B4 In Stahl's case it has opened out into two extremely 
problematic readings of his thought. First, there is the religious reading, 
which identifies the physiological theory Stahl articulated with the Christian 
notion of the soul-that is, a divinely oriented entity moving through the 
material world on its path to redemption.135 Pietism certainly took Stahl's 
use of soul as extraordinarily congenial to its redemptive Christian mission, 
even in medical practice. But Stahl never invoked this specifically Chris-
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tian sense of soul-sin and grace and conversion-in his discussions of life, 
health, or illness.136 In his medical writings he had far less to say about 
the immortal soul than about the mortality of man. He did not dispute the 
Christian sense of soul; he was a devout Pietist in his personal and even his 
bureaucratic-political conduct. But it is not at all clear that this translated 
directly into his medical theory.137 

A second, related but conceptually distinct reading of Stahl's doctrine of 
soul was its metaphysical construal, which insisted upon taking his notion as 
a substance theory and then finding fault with his ideas either because they 
were contradictory in postulating substance interaction or because tacitly 
they materialized the soul in making it an actual cause of physical phenom
ena. Leibniz, as we will see, made both arguments, charging Stahl with faulty 
metaphysics. Hailer denounced any intrusion of metaphysics into empirical 
science.138 Thus, Stahl came under fire from both flanks, yet he tried to dis
tinguish his position from both of these metaphysical missteps.139 

A decisive dualism did pervade Stahl's thought, but it differed from 
the Cartesian notion in an important and pathbreaking manner. Johanna 
Geyer-Kordesch formulates this aptly: "Stahl stringently separates not the 
soul from the body, but the organization (organism) of life from the inor
ganic.''140 Substantive dualism between soul and body struck Stahl as em
pirically and theoretically unproductive. In place of a discourse of substances 
and the impossibility of their interaction (a discourse of "opposites"), Stahl 
preferred a discourse of reciprocity between "agent" (soul or motive force) 
and "patient" (the material body), two different but mutually indispensable 
components of the living thing. For this ensemble, Stahl offered his cru
cial concept of organism. It betokened complex self-organization; moreover, 
this self-organization was rational: that is, it operated purposefully to pre
serve and enhance the organism. He emphasized that the "true sense of the 
term organic" was that it was "organized according to and because of spe
cific purposes.''141 

Moreover, he insisted that his was above all an empirical analysis, even if 
it had some ontological posits (i.e., inertness of matter). The self-organizing 
activity of organisms could be observed only a posteriori, but it could be 
characterized methodically, and this was Stahl's theoretical ambition. That 
is, he argued that physicians had indisputable data for the interaction of 
soul with body. Any human could observe in personal bodily experience 
the utter interpenetration of physical and mental life, such that bodily func
tions and dysfunctions impacted mental dispositions (Gemiitsbewegungen), 
and mental dispositions affected physical states.142 Not only was there the 
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commonplace actuality of involuntary perceptions and voluntary motions, 
but there were medically significant psychosomatic phenomena, that is, men
tal disruptions inducing physical ones, or physical ones inducing mental 
disorders. Thus, for Stahl, "the dynamics of illness and health were insepa
rable from mental and emotional states.''143 Indeed, human cogitation could 
as readily disrupt as order the bodily functions.144 Stahl endorsed the widely 
shared prepossession that mental disorders in the mother during preg
nancy would have physiological consequences for her fetus (so-called "ma
ternal birthmarks").145 Mental disorder occasioned many illnesses; more
over, psychic states accentuated many physical conditions through anxiety 
or misunderstanding and hence served as a peculiarly salient exacerbation 
of human disease.146 Indeed, Stahl several times pointed out that animals 
were distinctly healthier than humans because the rational functions of the 
soul were not interfered with by the ratiocinating ones that characterized 
humans.147 Stahl's concern was entirely with human health, but the con
sideration of animal life illuminated the issues, exposing in particular the 
mixed blessing of volitional and passionate human consciousness, which 
Stahl generally called "moral" influences in health. 

N E G O 'l'I UM O 'l'I O S UM :  T H E  D E B A T E  O V E R  

O R G A N I S M  B E T W E E N  L E I B N I Z  A N D  S TA H L  

Stahl's theory of organism was the most important impulse to emerge from 
the Halle medical faculty in the first decades of the eighteenth century. The 
debate over organism between Stahl and Gottfried Leibniz in the second 
decade of the century brought this to decisive prominence, especially when 
Stahl published their exchange in 1720, four years after Leibniz's death.148 

Leibniz's own theory of organism would exercise considerable influence 
later in the century via a variety of channels.149 Its articulation in the con
troversy with Stahl offers us a clear and determinate starting point for these 
two currents that would feed the mainstream of thought leading to the new 
science. As Huneman and Rey aptly state, "both Leibniz and Stahl took an 
interest in life-forms and medicine in response to and because of the dead 
end of the mechanist programs in physiology.'1150 But they had drastically 
different senses of what these mechanist programs in physiology consisted 
in, and what a promising alternative could be. To say the least, "the respec
tive arguments were founded on totally different analyses of the manifesta
tions of nature."151 Leibniz used his attack on Stahl to assert that his own 
system was the only adequate conception of divine providence.152 Ironically, 
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what he alleged to lie latent in Stahl's views-a vital materialism-would 

eventually get elaborated later in the eighteenth century, but its perpetra

tors (both French and German) would use Leibniz's ideas even more than 
Stahl's to conceptualize it. 

Leibniz's Critique 

Leibniz opened his commentary on Stahl with an affirmation of mechanistic 

physical science as alone consistent with the principle of sufficient reason. 
Immediately thereupon, however, Leibniz insisted that .final causality had to 
have a place in a complete system of nature. The rejection of final cause was 

the great weakness of the "Epicureans;' in his view. Final causality had a 
particular and a general form. The particular final causes were "machines of 

nature, or . . .  organic bodies[,] . . .  divine machines . . .  [which can] preserve 

themselves and produce some copy of themselves!'153 This formulation of 
"divine machines" had been developed several years earlier in his corre

spondence with Lady Masham, and it is Leibniz's most important notion of 
organism.154 But the whole formulation allowed Leibniz to advance to his 
most important metaphysical concern, that of a general final cause-namely, 

preestablished harmony as divine providence. A crucial corollary of this no

tion was that literally nothing in the system of nature was without divine 
purpose. Thus, "no one should suppose that the use of ends is proper only 
to the mechanism of living beings, while on the other hand they are of no 
use in unformed masses, and in general in inorganic bodies." Even in "un
formed masses there are certainly machines of nature concealed!nss 

Leibniz wanted foremost to establish the implications of his notion of 

preestablished harmony for the crucial relation of soul to body. Against 
Stahl's physiology-a variant of physical influx, in Leibniz's schematiza
tion of hypotheses-Leibniz posed a "most perfect parallelism: on the one 
hand between the material and formal principles, or between body and 

soul, and on the other hand between the kingdom of efficient causes and 
the kingdom of final causes!' That is, "the series of motions in the body per

fecdy correspond to the series of perceptions in the soul, and vice versa." 
Each followed rules that were restrictively authoritative in the respective 

"kingdoms." Thus, "the present state of the body arises from the preced
ing state according to the laws of efficient cause, and the present state of 
the soul arises from the preceding state according to the laws of final cause. 
In the former case the series of motions, in the latter case the series of ap

petites, take place." And so, Leibniz concluded: "it can . . .  not be supposed 
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that the soul, through its innate operations, to wit, perception and appe
tite, moves the body even in the least bit astray from its mechanical laws.'' 
Each order acted in perfect harmony but without causal interaction. "If this 
were not the case, there would be a continuous violation" of the principle 

of sufficient reason, he pronounced. On that basis, Leibniz offered thirty
one specific objections (''Animadversions") concerning Stahl's '1heoria Med
ica Vera.156 

The first "Animadversion" contended that the discrimination of chance 
objects from purposeful ones was misguided, for "in truth all things are di
rected towards an end." This was the upshot of Leibniz's principles of the 
system of nature and the purposiveness of divine providence. On that basis, 
"chance only plays a role in our ignorance.11157 It designated what had yet to 
be grasped by science. In his second set of criticisms, the so-called "Excep
tions," Leibniz elaborated this first "Animadversion" in a starkly theologi
cal manner: "all things that happen arise from God . . . .  Nor do I see in what 
way the contrary can be reconciled with divine providence, which embraces 
all things; or with theology, not only revealed but also natural.''158 To sug
gest there could be any chance occurrence in the world was to flirt with 
heresy, hence his nasty allegation that Stahl's views threatened not only re
vealed but even natural religion. 

The upshot, as Leibniz put it plainly in "Animadversion II;' was "all 
organism is in fact mechanism, but more exquisite, and so to speak, di
vine.''I59 Stahl's whole project of a life science, which set out from an em
pirical distinction between living forms and inanimate ones, Leibniz dis
missed as bad science. Leibniz elaborated in "Exception I" that "no mass 
is so unformed or so small that it does not contain in it some organic body 
or machine of nature.''I60 He took this to be empirically confirmed by the 
microscopic discoveries of a panoply of life-forms in a drop of pond water, 
but Leibniz stated it as an a priori principle. At the same time, he added that 
there was "never any soul completely separated from some organic body.'1161 

In the later "Animadversions," Leibniz elaborated his fundamental criti
cisms of Stahl's notion of soul-body interaction. First, he reasserted his prin
ciple of parallelism: "vital motions correspond exactly to the appetites of 
the soul," though these "are confused and remote from our attention.''162 

To postulate actual causal interaction would open the door to absurdity, 
since the soul was so incommensurable with the body that there would be 
no proportionality of its causal impact in the response of the body: the soul 
"could command anything whatsoever.''I63 To view the soul as a causal fac
tor in material functions would be to have recourse to "something super-
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natural"; that is, "it would be some sort of miracle if the soul could bring 
about something in the body beyond its nature."164 The only coherent no
tion of physical influx would be the materialization of the soul: "in this way 
the soul would be rendered corporeal and mortal."'65 That is, Stahl could be 
read as a reassertion of the materialism of the Epicureans and of Hobbes, 
whom Leibniz explicidy mentioned in this context.166 

In ''Animadversion Ill;' he elaborated: "nothing happens in the body that 
is not based upon mechanical, which is to say intelligible reasons." This, he 
maintained, had become the established principle of modern science as ar
ticulated in "the very clear proclamations of recent thinkers." Organic mo
tions were mechanical ones, though divinely subde. They did not imply the 
intervention of the soul. Leibniz evoked the classic objection: a heart torn 
out from the organism still went on beating, and that could hardly signify 
that it carried its own "soul" with it.167 He summed it all up in his "Excep
tion XVI" : "It must be known that a body cannot be actuated by a soul in 
such a way that the mechanical laws of bodies be the least violated. The soul 
gives no motion, nor any degree of motion, nor any direction to the body 
that does not follow from the preceding states and motions of matter. To 
allege the contrary is either to hold that the soul can be changed into the 
body, or to take recourse to inexplicable principles.''168 Thus, "the soul can
not violate the laws of corporeal nature, nor the body the laws of the soul," 
but it all worked out via preestablished harmony.169 

Leibniz sharply criticized Stahl for seeking to restrict the importance 
of anatomy and chemistry for medical science. In "Animadversion X;' he 
wrote: "I should . . .  not wish that truths that are remote from present pur
poses [usu] • • •  be perceived as useless, since greater usefulness [usus] may 
always be discovered.''I70 As he elaborated in ''Animadversion XI," if it was 
true that "until now medicine may not have sufficiendy benefitted from the 
economy discerned in recent investigations," this seemed more a fault of 
medical training and government policy than of these basic scientific re
search endeavors.I71 He believed that both the new anatomy and the new 
chemistry showed great promise for medical application. In his prefatory 
remarks he made this clear: "there is hope that many things may be discov
ered in animal economy and in medical practice, by looking at the use of 
the parts and at the ends of nature."'72 In his "Exceptions X-XII" Leibniz 
elaborated these ideas. He claimed first that "the present state of medical 
science . . .  is . . .  in its infancy.''I73 This was largely because "until now medi
cine has been exceedingly empirical.''I74 Hence, "to the extent that physical 
reasoning is facilitated through mathematics or mechanics, and through 
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microscopic experiments and chemistry, it is hoped that physics will grow 

little by little . . .  [and] it is hoped that pathology as well . . .  will make note
worthy advances!'175 Not only anatomy but chemistry held great promise: 
"I easily concede that up until now the utility of chemistry has not been 
great in explaining things that occur at an undetectable level in animals. 
But with the expansion of the science of chemistry, its application will like
wise grow!m6 

Stahl's Defense 

To grasp Stahl's defense, we must go back to the basic positions he felt called 
upon to justify: the distinction in the observable world between entities of 
chance and entities of purpose; the discrimination of motion from matter; 
the ascription of motion to an active agency; and, finally, the identification 
of this agency of motion, in organisms, with the soul.177 As Stahl understood 
it, "mechanism is generically nothing else than mobility . . .  and specifically, 
ordered mobility, or aptitude for a determined sequence of motion!>l78 Stahl 
has always been identified as antimechanist, but what he found off-putting 
in "the present sterile fight about mechanism" was the propensity to as
cribe mobility to matter itself as an intrinsic property.179 Instead, for Stahl, 
a system of nature (to use a crucial Leibnizian notion) would need to posit 
another reality besides matter, the principles or agencies that imparted mo
tion. "Act arises from the agent, which similarly is not this matter itself, but 
rather something distinct from it, even at the very time as it acts immedi
ately on the matter, or mediately through it!'18° For Stahl, everything hinged 
on the passivity of matter. He asked, rhetorically, "is body motion and mo
tion body?"�81 He denied it. "Motion is different from matter," he insisted, 
"really something incorporeal, falling under no conception of dimension, 
extensive magnitude, or figure;' which exhausted the actual properties of 
matter or body as such.182 Because "motion is not matter itself," it was im
material by definition. Moreover, the event of motion needed a causal agent; 
that is, "motion is not a naked act without an agent." For the eighteenth cen
tury, "force" would prove the decisive term for such considerations, though 
Stahl never made much of it.183 

Stahl believed that any effort to ascribe motion to matter as an intrinsic 
property was the quintessence of atheistic materialism, a revival of Epicu
rean ideas, and the dead end of "mechanistic" physical theory. "The mod
erns . . .  say that all natural bodies are machines, endowed with inseparable, 
inherent motion of their own!'184 Thus, "those who call themselves 'mecha-



A N I M I S M  A N D  O R G A N I S M  33 

nists; or defenders of the mechanical philosophy, . . .  [hold] that all of the 
least bodies of this universe already have their inherent movers . . .  [and 
hence there is] no use to assign the motive energy to the soul. . . .  For the 
body is able to do it spontaneously."'85 

According to Stahl, organism differed from mechanism in empirically 
discernible and theoretically decisive ways. The first point-empirical 
discernibility-was the key to Stahl's distinction of entities in the physical 
world that appeared to be random, chance configurations (i.e., aggregates or 
mixtures with no apparent purpose or function, like a heap of rocks) from 
other entities that appeared, again empirically, to be internally purposive or 
alive.186 Purposiveness meant for Stahl the presence of a supervening order 
in the object, its principle of organization. The whole of life science, as he 
saw it, derived from this fundamental empirical discrimination of living 
things from inanimate congeries. This causal agency constituted the domain 
of inquiry.187 If the difference was illusory, there could be no inquiry. In this 
crucial sense, Stahl was an empirical researcher. "I . . .  do not appeal to con
jectures or opinions, but simply to experience and observation.'nss 

Stahl understood himself to be practicing and theorizing about medicine; 
that is, he believed his "type of business . . .  is the physical science of the 
soul;' which entailed "simply attending to accomplishments of acts of true 
conservation of the body for a vital end.''I89 That entailed "the plain precise 
history of natural things, showing how they are and are produced.'n90 As 
he put it in his "Summary of the Principal Points of Doubt;' "I, along with 
the entire school of medical physiologists, attribute to the soul the energy 
for actively exciting the movements which are appropriate for both the con
servation of its body and all the rest of its function . . .  [, that is,] both vital 
and animal motions.''191 That is, "souls are the agent immanent to the or
ganic body, exerting immanently such an act, which is the movement of the 
corporeal organs.''I92 Stahl insisted that medicine was a physics, a natural 
science, based on observation and experience, not speculation. Hence, soul 
was an empirical concept: "not only the full nature of the soul, but also 
its entire destination, which we know, in so much as we know and will ever 
know it, only revolves around the affections of corporeal things . . . .  Such a 
science as we are capable if attaining concerning the soul, a physics supported 
by concepts and experience, contains nothing other than those features that I 
stated" (my emphases).193 Soul was an explanatory agency in physiology, 
not a spirit with a transcendent destiny. 

The crucial theoretical point was that a soul was immediately associated 
with a particular body, that its primary function was the conservation and 
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mechanical efficaciousness o f  that body; thus, its scope and efficacy were 
proportionally specific to the body with which it was in interaction. Its ac
tions were purposeful/rational, even if not always consciously volitional. 
This last idea found expression in the distinction between vital and animal 
motions-between involuntary or spontaneous functions and voluntary ac

tions. Unlike the "physicochemical" causal account that sufficed for inani
mate mixtures and aggregates, the source of the purposeful movement that 
distinguished organisms appeared to be internal, not imposed from out
side. It was this immanent-but, ex hypothesi, immaterial-ordering prin
ciple of movement that Stahl conceptualized by the term "soul." In short: 
"I recognize and declare the soul to be just such a principle energetically 
endowed with the faculty of moving.''194 Hence, "all motions . . .  happen by 
the activity of the soul itself . . .  voluntarily . . .  and non-voluntarily, that is 
spontaneously."195 

Leibniz disparaged Stahl's claim that the soul should be understood to be 
primarily, if not exclusively, the agent for the conservation of the physical 
body. He charged this claim with being dangerous to religion. He insisted 
that the (human) soul was in fact concerned not with conserving the body 
but with the knowledge of God and of its own ultimate destination.196 Leib
niz wished to stress what the later German Enlightenment would call the 
"destiny of man [Bestimmung des Menschen] ." That is, "the mind is more 

tightly bound to God than to bodies . . .  and destined . . .  to knowing itself 
and through this to knowing the Author of things.m97 For Stahl, this had 
nothing to do with natural science: "I am certainly incapable of investigat
ing whether by physics (or any science properly so called), the soul would be 
able to attain a knowledge of God himself as its author, a fortiori, whether 
it would have a closer and nearer access to him.'' This was "because in this 
terrestrial life the soul is very proximately and thus quasi-properly attached 
to corporeal affections . . .  by her external and internal senses.''198 Moreover, 
"that the soul is destined to know herself, this occupation, as if physically 
relative to her essence, is not at all given or probable.''199 In this last sense, 
Stahl was writing not simply as a physician investigating the soul's physi
ological function but as a psychologist assessing the human soul both as lo
gos, in which it was precisely not self-conscious, and as logistikos, in which it 
was not only quite finite and indeed flawed but, as he saw it as a clinician, 
far more embroiled in living than in knowing. For Leibniz, this appeared 
scandalously crass and inattentive to the highest human aspirations; but 
Stahl was defending a medical theory. 

Against Leibniz's challenge to his rejection of experimental research in 
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physics and chemistry in application to medicine, Stahl defended himself 
stoutly: "I advise that the more recent anatomy is most fecund in things that 
are alien to the scope of medicine.''200 Two points need immediate attention 
in this formulation. First, Stahl specified that his advice concerned recent 
anatomy, and second, he did not deny its fecundity in general but only as re
lated to the scope of medicine-that is, clinical applicability. Stahl certainly 
recognized the pertinence of general anatomy for medicine and surgery, but 
he believed that "anatomical minutiae . . .  form the large part of the more 
recent anatomy.''201 By this Stahl clearly meant work in microscopy as in the 
experimental research agenda of such figures as Jan Swammerdam (1637-
So) and Marcello Malpighi (1628-94). Here is where Stahl strove to keep 
medical training focused on direct clinical outcomes. He disputed the scien
tific appeal of investigations in anatomy (or chemistry), not in themselves, 
but only as they failed to have immediate clinical application. Thus, he char
acterized recent anatomical research as "curiosity-inclined anatomy;' con
tending that "minute anatomy in its overall capacity of favoring curiosity 
pertains to physical history"; "it does not also afford considerable use for 
medicine, if even any utility at all."202 That is, "awareness of the deeper and 
more tender texture has absolutely no other use, neither medical nor surgi
cal, if not perchance to eventually serve for prognosis.'' While he allowed for 
this eventuality, it was certainly not an actual factor in the present: "aware
ness of the texture correctly and strictly taken as such . . .  brings no utility 
anywhere to the physician.'' In sum, "in the texture and inner and more 
subtle structure of the body, nothing subjacent is to be found that would 
provide anything for the scope of medicine.''203 For Stahl, this absence of 
clinical relevance resided in the very subtlety of these microprocesses: "all 
this work, absolutely and uniquely, is that of nature alone, or of a spontane
ous energy in the living and active body . . .  [to which] art has no special ac
cess.'' Thus, "art cannot bring any assistance to that act as such."204 Roughly 
the same argument characterized Stahl's opposition to the application of 
chemistry to clinical medicine. As one of the leading chemists of his gen
eration, Stahl did not dispute "the absolute necessity of a precise chemical 
science for treating the matter of mixtures.''205 Rather, he argued, "it is not 
clear that . . .  if it were maximally known, it would bring considerable mo
mentum to medical theory or practice.''206 

Thus, while all this research might be of interest in physics, it had no 
significance for medical physiology or pathology, in Stahl's view.207 Leib
niz found this, not unjustly, a rather-restrictive conception of the relation 
between basic and applied research. Deeply attuned to Malpighi's research 
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program in "anatomical minutiae;' Leibniz believed in its promise for medi

cine, but even more in its scientific and philosophical importance in its own 
right.208 He wrote: "Care should be taken that there always be some emi
nent anatomists, botanists, chemists, who search into new things . . .  not de

terred or held in contempt under pretenses of uselessness . . . .  We will never 

be overrun with a surfeit of Stenos or Malpighis!'209 In this, he was the vi
sionary and Stahl a striking obstacle. Most significantly for the future, the 

impulse to explore "experimental physics" for its own sake, not for clini

cal application, would in fact characterize a set of investigators within the 
medical faculties of Germany whose physiological explorations would en
rich the theory of organism (vegetative and animal, not merely human) and 

lay the foundations for the special science of biology. Hailer would become 
the key German spokesman of this scientific agenda, and Stahl would serve 

as his preferred target of disdain. 
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Making Life Science Newtonian: 
Albrecht von Hailer's Self

Fashioning as Natural Scientist 
Hailer's spiritual homeland was the early Enlightenment of the Netherlands 
and his esteemed mentor, Boerhaave, the man in whom the spirit of a Calvin, 
a Descartes, and a Spinoza met that of a Bacon and a Locke; Boerhaave, the 
man in whom the notions of iatrochemistry of a Sylvius linked up with ana
tomical thinking and the iatromechanics that originated from Newton; Boer
haave, the man who unified all this in one character [Personlichkeit] that ex
erted enormous force on the young Hailer. 

T O ELLNER, "Hailer und Leibniz"1 

Albrecht von Hailer never attached great importance to working as a prac
ticing physician: "Dieu me preserve de Pratique, je n'y saurois tenir [God 
keep me from practice: I wouldn't know how to keep going]."2 "Haller, 
although he was the student of Hermann Boerhaave[,] . . .  the primary 
founder of clinical medicine, was very rarely to be seen later in his life as 
the attending physician by a patient's bedside."3 Similarly, though he was 
the foremost anatomist of Europe, he never performed surgery on live pa
tients: he deemed it simply too risky.4 "He was in the last analysis really 
not a physician . . . .  Hailer was the great natural-scientific scholar, who of 
course was involved in practice but who was not really all that interested in 
healing!'5 His interest and commitment fell altogether on the side of experi
mentation and research, not practical application. "Hailer's whole project 
of experimental physiology consisted in the creation of a new science with 
its own research agenda. He thereby supported the separation of theoretical 
from practical medicine!'6 That is why he deserves a prominent role in the 
prehistory of biology, not just in the history of medicine. In this chapter 
I will trace the exemplary self-fashioning of Haller as a natural scientist 
(Naturforscher) -more concretely what we would call a research biologist 
(though, of course, he could never himself have used these terms). This self-
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fashioning gestated within the traditional medical faculty but established 
a new Fachgebiet quite distinct from it. I have a still more specific ambition 
within this larger one: namely, to assert that with Hailer experimental New
tonianism became entrenched as the foundational method of this incipient 
new science. What experimental Newtonianism was in the eighteenth cen
tury and how Hailer came to incorporate it into his identity as a naturalist, 
I propose, make his intellectual biography central to the genesis of biology. 

T H E  R I S E  O F  E X P E R I M E N T A L  N E W T O N I A N I S M  

A R O U N D  1 7 0 0 :  H E R M A N  B O E R H AA V E  

In the history of science of the eighteenth century, enormous attention 
been given to the variety of "Newtonianisms."7 I think it is essential to note 
the split, first articulated by I. B. Cohen in his classic Franklin and Newton, 
between the "mathematical" and the "experimental" Newtonian traditions, 
roughly identifiable with the two major texts Principia and Opticks.8 More 
concretely, from the "Queries" to the Opticks arose what Thierry Hoquet 
has aptly termed "nonmathematical physique," and this proved the womb 
in which the nascent science of biology gestated.9 While the tradition of 
"experimental philosophy" on a Newtonian basis emerged among the En
glish in both chemistry and physiology before the publication of his Op
ticks (1704; Latin, 1706), the publication of this second of Newton's monu
mental works consolidated the experimental impetus mightily.10 Published 
originally in English to reach a wider audience already fascinated by the 
"public science" of experimental demonstration, especially in London, the 
Opticks emphasized experimental, rather than mathematical, demonstra
tion. The Newtonian cohort in and around the Royal Society and in the 
London public science sphere immediately took it up.U That experimental 
emphasis also shaped the crucial second edition of Newton's Principia, not 
least through Roger Cotes's preface.12 

On the Continent, the Netherlands unquestionably played a decisive role 
in the reception of experimental Newtonianism, but this initially entailed 
refashioning Newton's person and work for local purposes. This aspect of 
the reception of experimental Newtonianism has become very important in 
recent scholarship. The main thrust of recent revisionism aims less at "ex
perimental philosophy" and more at Newton's religious utility in the context 
of local Dutch controversies arising especially out of the association of "me
chanical philosophy"-and even mathematics itself-with materialism and 
atheism, an association that emerged from the writings of Descartes and 
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above all Spinoza.13 That is, what initially interested the Dutch was New

ton as "physicotheologian"-to take up the term John Ray invented for the 
"Newtonian ideology" in cultural politics that persisted over much of the 
eighteenth century.14 Creating an "image of Newton . . .  not just as a pious 
mathematician, but as a philosopher whose message was relevant to the 

whole of Christianity;' they "fashioned" him into the safe and redemptive 
proponent of natural philosophy and mathematics and, indeed, more posi
tively, into the architect of a compelling natural theology that rebutted the 

dangerous ideas of Descartes and Spinoza to smooth the troubled waters 
of early eighteenth-century Dutch cultural life.15 Perhaps the central figure 
for this fashioning of "Newtonianism" in the Dutch Republic was Bernard 

Nieuwentijt (1654-1717).16 His text The Right Use of Natural Investigations 
(1715) conceived of Newton as "the antidote to the poisonous Spinoza.''17 
As Rienk Vermij puts it, "Newtonian philosophy . . .  was seen as offering a 
decisive blow to the Spinozistic threat.''18 Thus, "the real triumph of New
ton on the Continent started with the second edition of the Principia" (1713) 
and its much more explicit articulation of Newton's natural theology.19 The 
ideological refashioning shifted into high gear with the publication of a 
pirated version of this second edition intended to propagate just these con
nections.20 A key figure behind this pirate edition was Jean Le Clerc (1657-
1736), who "really became a Newtonian after reading the second edition of 
the Principia.''21 While Le Clerc, in his review, praised Newton as "the great
est mathematician the world has ever seen;' what was most important to 
him was that Newton "gave the coup de grace to materialistic and atheistic 
speculations.''22 

Enthusiasm for "physicotheology" in the new natural philosophy re
mained a crucial feature of a distinctively Protestant, even Calvinist experi
mental Newtonianism, whose presence will be discerned across my entire 
narrative of eighteenth-century life science. In diametrical opposition, Spi
nozism and materialism will play an equally major role. Newton figured as 
a key resource in the tug-of-war between them.23 

Some scholars have gone so far as to argue that "experimental philos
ophy" was already so well entrenched in the Netherlands that there was 
no need of a Newton to sponsor the notion.24 To be sure, before Newton, 
there was a well-established tradition of experimental philosophy in the 
Netherlands, and at Leiden in particular, in the seventeenth century, draw
ing upon Descartes and Boyle. Burchard de Volder (1643-1709), professor 
of philosophy and mathematics at Leiden, turned to experimental physics 
under Cartesian auspices; he opened his experimental physics laboratory in 
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1675.25 De V older was not simply a Cartesian; he was stimulated by Boyle's 
air pump and the tradition of experimentation from Torricelli through Pas

cal to Boyle. 26 Another major source of Dutch experimental philosophy was 
the invention of the microscope and its use in the Low Countries in ana
tomical and botanical research by such figures as Jan Swammerdam (1637-
80) and Antonie van Leeuwenhoek (1632-1723).27 Harold Cook urges that 
it is even misleading to distinguish natural philosophy from natural his
tory in the Dutch context: it was all one "big science" of laborious, detailed 
natural investigation.28 Moreover, the revisionists argue that, even in the 
Netherlands, Newton was initially taken as a mathematician, not an experi
mental philosopher: "before 1715, in academic circles, Newton was admired 

as a mathematician, but not as a physicist."29 That, of course, concerned 
the Principia, above all, and the revisionists contend that Newton's Opticks 
had a "somewhat neglected reception in the Netherlands," even in Latin 
translation. 30 

Against the revisionists, I propose to take Edward Ruestow's claim, with
out amendment, as my point of departure: "an outspoken admirer of the 
British school of natural philosophy, Boerhaave prepared the way for the 
emergence of the University of Leiden as a leading center of Newtonian 

and experimental science on the continent."31 In Holland, notwithstand
ing overstated revisionism, Herman Boerhaave proved a key exponent of 
the experimental Newtonianism articulated in the "Queries" to the Opticks.32 
"Through the influence of Newton, Boerhaave soon became an enthusiastic 
adherent of the method of experiments in natural science, that is, of the so
called 'experimental philosophy."'33 For Boerhaave, Newton meant science 
with a rigorously empirical-experimental agenda, needing no metaphysical 
first-philosophy along either Aristotelian or Cartesian lines: "The drive to 
the ultimate metaphysical and the original physical causes is neither neces
sary nor useful nor possible for the physician;' he proclaimed. 34 

In a famous oration in 1715 Boerhaave was the first Dutch academic to 
publicly enunciate his adulation of Newton.35 He had become a Newtonian 
far earlier, however.36 How did he get there? One key is de Volder. Boer
haave was his student, composing his doctoral dissertation in philosophy 
under de V older. Around 1689, Boerhaave took a course from de V older "on 
'the geometric synthesis of the ancients' and 'the analysis of the modems'
terms with striking resonance in the context of Newton's Principia!'37 As 
Ruestow observes, "the precise character of the mathematical physics taught 
by de V older . . .  remains disappointingly obscure!'38 According to Sassen, 
"in the years in which Boerhaave attended his lectures de V older had not 
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yet read or had only very recendy seen Isaac Newton's Philosophiae natura/is 
principia mathematica (1687)."39 But Ruestow notes that Jean Le Clerc, who 

knew de V older quite well, "wrote that he [de V older] applied himself to the 
new techniques of differential and integral calculus and had undertaken 
a close reading of Newton's Principia mathematica soon after it was pub

lished." 40 Indeed, Le Clerc claimed that the great mathematical physicist 
Christiaan Huygens (1629-95) came to de Volder seeking clarification of 
Newton's mathematics. 41 That gains credibility when we learn that Huygens 
willed his mathematical papers to de Volder and further that in de Volder's 
own papers later were "found calculations of some of Newton's proofs." 42 
If we recall that John Locke tumed to Huygens for clarification of Newton's 
mathematics in the Principia, perhaps to help with his own crucial review 
for a Dutch Francophone joumal, then de V older's standing as a mathema
tician becomes quite impressive. 43 Boerhaave was good at math, eaming 
a living in the early 1690s by tutoring in that subject. 4 4  Whether his math 
skills were adequate actually to grasp the technical proofs of the Principia, 
one might still doubt. Yet Boerhaave could read and understand the argu
ments without being put off by the math, and that proved decisive. 

While the connection with de V older is central, there is another connec
tion that may well be equally important for Boerhaave's Newtonianism: Ar
chibald Pitcairne's brief stint at Leiden. Pitcairne (1652-1713), a Tory, High
Church Scot, matriculated at the University of Edinburgh in theology in 
1668 but took his time obtaining a degree, wandering back and forth to the 
Continent, dabbling in law and medicine, before obtaining an MD at Rheims 
in 168o. Around 1675, probably in James Gregory's Edinburgh mathematics 
course, he became a close friend of David Gregory (1659-1708), who was 
to become one of Newton's most sycophantic disciples. 4 5  His uncle,James 
Gregory (1635-75), was among Newton's earliest mathematical admirers, 
and when he died in 1675, David inherited all his papers, including the 
Newton correspondence. The younger Gregory saw to it that he ingratiated 
himself with the great man at Cambridge. In 1683 Gregory succeeded his 
uncle in the chair of mathematics at Edinburgh. When he received New
ton's Principia in the summer of 1687, he set about systematically digesting 
it. Pitcaime was rooming with him, and they worked through the mathe
matics together. 46 

In 1691 Pitcaime received a call to the chair in the practice of medi
cine at Leiden, though he had published little and "the Leiden authorities 
must have chosen [him] largely on the basis of word of mouth and manu
scripts!' 47 En route to Leiden, Pitcairne visited Newton in Cambridge, in the 
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spring of 1692, and Newton entrusted to him his new manuscript, De Natura 
Acidorum, "on alchemy, chemistry, and the theory of matter!'48 In this work, 
Newton "unequivocally set forth the case for short-range attractive forces 
analogous to gravity.''49 While this became widely known only with the 
publication of Opticks in 1704, and especially with the insertion of "Query 

23" (31 in later, standard editions) in the Latin version of 1706, "Newton 
had early recognized that short-range forces had obvious implications for 
physiological explanation."50 Pitcairne immediately saw the relevance of 
Newton's theory of matter for the elaboration of a more sophisticated iatro
mechanism in the manner of Lorenzo Bellini (1643 -1704). "Beginning with 
Pitcairne, early Newtonian physiologists relied on the physics of attracting 
particles in their theories of animal function!'51 Indeed, Pitcairne's inaugu
ral lecture at Leiden in 1692 and his subsequently published Leiden "dis
sertations" demonstrate the key "relationship between Pitcairne's ideas on 
medicine and physiology and Newton's concept of the microcosm hifore the 
publication of the Opticks in 1704" (my emphasis). 52 To be sure, Pitcairne's 
new iatromechanics synthesizing Bellini and Newton was "a slightly uneasy 
union;' as Anita Guerrini puts it. 53 Thus, she queries: "Was Pitcairne a New
tonian? In his close attention to Newton's method, ideas of causality, and 
theory of matter, Pitcairne showed himself more closely acquainted with 
Newton's thought than many, or most, of his contemporaries.'' For our pur
poses more importantly, "he introduced these ideas, in a medical context, 
to an entire generation of physicians, among them Herman Boerhaave.''54 
Pitcairne's inaugural lecture at Leiden proved both "the first rigorous state
ment of English Newtonian medicine" and "the starting point of Dutch 
mechanistic, but non-Cartesian physiology!'55 

Boerhaave attended Pitcairne's inaugural lecture, which was generally 
received with enthusiasm, and it is altogether likely that he read Pitcairne's 
"dissertations;' especially the methodologically crucial first one (1693), con
cerning the circulation of the blood, with its heavy invocation of N ewtonian 
methodology and theory of matter.56 Boerhaave's Newtonianism clearly 
demonstrated strong parallels to the "flourishing school [inspired by Pit
cairne in Britain] which developed theories of function based on New
ton's ideas of atomistic matter and short-range force!' However, this British 
school "effectively dissolved by the time ofPitcairne's death" (1713), whereas 
Boerhaave carried his own tradition of "Newtonian Physiology" forward 
another several decades. 57 

"Newtonian Chemistry" emerged in England in the years after 1700. 
John Freind (1675-1728) published Prelectiones Chimicae in 1709, which was 
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based on lectures delivered in 1704.58 Gerrit Lindeboom believes that even 

before Freind, "Boerhaave was . . .  the first to apply the Newtonian prin

ciples to the advancement of chemistry!'59 He was at least contemporary 
with Freind on many issues, and he clearly exerted a far more long-lasting 
influence. 60 He started teaching private courses in chemistry in 1702 at the 

request of his British students, notwithstanding the presence of a chaired 
professor of chemistry at Leiden. 61 He eventually succeeded to the chair 
in chemistry in 1718, upon that scholar's death, and held it unti1 1729. Al

though he became a great pioneer in chemistry, he strove to keep it at some 
distance from medicine. 62 In his 1718 inaugural lecture, "On Chemistry 
Correcting Its Own Errors," Boerhaave expressed the high esteem he had 

long felt for English pioneers in scientific chemistry, especially Boyle and 
Newton, but he "considered chemistry as an independent science, not as an 
ancilla either of pharmacy or medicine!'63 Peter Shaw's pirate textbook, A 
New Method of Chemistry (1727), which was based on Boerhaave's lectures, 
enjoyed enormous success all over Europe.64 Reacting to this very famil
iar piratical provocation, Boerhaave issued an authorized edition, Elements 
of Chemistry, in 1732, which became the dominant text in the discipline for 
much of the rest of the century. 65 

Boerhaave remained a Newtonian throughout his long and illustrious ca
reer. Rina Knoeff has been taken to have established that Boerhaave "never 
introduced Newton's ideas into his courses, nor paid much attention to the 
Englishman."66 In fact, her contribution can be taken in quite a different 
sense. Knoeff's earlier monograph on Boerhaave stresses two crucial dimen
sions of his career-his Calvinism and his chemistry-but she also notes 
there, and makes the starting point of her later essay on Boerhaave, that 
"we hardly find references to Newton in Boerhaave's works."67 Moreover, 
his most noted disciples-with one exception, whom Knoeff fails to cite
seemed not to have discerned any Newtonianism in his work: "it seems as if 
either Boerhaave's alleged Newtonianism was not recognized by his pupils, 
or Boerhaave's medical teaching was not very Newtonian at all."68 When 
he did take up Newton in his own works, "Boerhaave mainly referred to 
the Opticks, first published in 1704, and he was particularly impressed with 
the thirty-one speculative queries at the end of the book!'69 For Knoeff, this 
diminishes Boerhaave's Newtonianism; for me, however, it makes the es
sential point. When Knoeff alleges-erroneously, I think-that "Boerhaave's 
alleged 'Newtonianism' eventually led to a decline of Newtonian medicine 
across Europe," that privileges a highly problematic conception of "New
tonian medicine" and renders as "decline" what I will endeavor to show as 



44 C H A P T E R  T W O  

highly creative. Instead, I wish to salvage Knoeff's notion that Boerhaave 

"taught a particular kind of Newtonianism;' with the Opticks and especially 
the "speculative queries" as its source, and this proved decisive for the de
velopment of the life sciences in eighteenth-century Europe. 

Knoeff argues that Boerhaave "changed his mind" over the course of 

his career, becoming increasingly skeptical of uncovering laws of nature 
in scientific inquiry. However, cautious empiricism was a centerpiece espe
cially in those domains of inquiry where mathematicization appeared most 

unlikely, as was the case in both medicine and chemistry, the fields Boer
haave developed most extensively over his academic career. Knoeff reasons 
that "Boerhaave's change of mind almost seems to reflect Newton's chang

ing focus from the mathematical approach of the Principia towards the ex
perimental method of the Opticks.70 Now, we should not so simply equate 
the sequence of Newton's publications with a change in his .focus. After all, key 
parts of the Opticks were developed long before the Principia. But the differ
ence in thrust between the two great works did prove central to the emer
gence, in the eighteenth century, of a decidedly nonmathematical research 
program under Newtonian auspices, which is what I mean by "experimen
tal Newtonianism." Boerhaave's trajectory, in my view, paved the way for 

that development. Knoeff continues: "Boerhaave was so impressed by the 
Opticks that he stated: 'I never saw a book where [there] were stronger argu

ments drawn from experiments: it is the best pattern in the world and de
serves the highest honour."m That would be the inspiration of researchers 

in chemistry and physiology over the balance of the century. "Boerhaave 
was particularly pleased with Newton's promotion of chemical methods 

in order to uncover the workings of the powers of nature," though "Boer

haave's chemistry was essentially different from the chemistry advanced by 
Newton in the Opticks."72 But this can-and should-be read as development 
in a field that Newton himself recognized as only beginning to get its bear
ings. Boerhaave's chemistry advanced the field, relative to its seventeenth
century roots in "chymistry"; it did not misdirect it.73 

More immediately and bluntly, with Boerhaave-Theodore Brown 

notwithstanding-there was no decline of "Newtonian medicine.m4 One 
need not accept a highly speculative and failed project-that of Pitcairne 
and his circle, which Knoeff calls "Newtonian mechanical physiology"-as 
the only authentic form of medicine that could be called "Newtonian."75 
This school reached its peak in Britain with the publication of James Keill's 
Account of Animal Secretion in 1708, which argued that "the whole Animal 
Oeconomy does . . .  depend upon this Attractive Power[,] . . .  the only Prin-
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1�� �. ciple from which there can be a satisfactory Solution given of the Phaenom-
''· ( ma produced by the Minima Naturae.m6 As Knoeff notes, "Boerhaave was 
i particularly critical of the Newtonian physiology of the British Newto
� nian physiologist James Keill (1673-1719),"17 That, it seems to me, was a 
�·· $0UUd judgment, not a denigration of Newtonianism. As Boerhaave him

[ self and many since have argued, not all Newtonians promoted what was 
f most fruitful in Newton.78 Against Brown and Knoeff (and behind them, 
� � Robert Schofield), the fact that Henry Pemberton was a Boerhaave student 
' 

does not betoken that Pemberton disordered the Newtonian endeavor.79 
Newton entrusted him with work on the third edition of the Principia with 
good reason, and Pemberton's subsequent characterization of Newton's pro
gram was in fact a decisive and positive force in the development of natural 
inquiry-and the life sciences in particular-over the second half of the 
century, particularly for Albrecht von Haller. 80 

In the Dutch academic context, the two figures most famous for their 
advocacy of experimental Newtonianism were Willem 'sGravesande (1688-
1742) and Peter van Musschenbroek (1692-1761). Boerhaave personally 
transmitted his enthusiasm for Newton to 'sGravesande and Van Musschen
broek during their student years, and they carried it with them on their ex
tended visits to England, to their respective encounters with Isaac Newton 
in person, and to their lifelong advocacy of experimental Newtonianism. It 
is with Willem 'sGravesande that the entrenchment of Dutch Newtonian
ism is generally associated.81 It "changed the climate of Leiden university 
in many respects.''82 

Notably, as Vermij suggests, 'sGravesande paid less attention to natural
theological argument than to experimental demonstrations in his teach
ing.83 More emphatically, Ad Maas writes: "In fact, 'sGravesande . . .  man
aged to dissociate Newton's natural philosophy from the metaphysical and 
theological concerns of Newton's Dutch followers.''84 Originally, he had 
been much closer to these impulses, especially in connection with Nieuwen
tijt. While 'sGravesande was studying for his law degree in Leiden, he also 
pursued a lively interest in mathematics. In 1707, law degree in hand, he 
moved to The Hague, where he was central in the development of the key 
Francophone Journal litteraire de la Haye. This connection made 'sGraves
ande prominent enough to be included in the Dutch party that went to 
England in 1715 to celebrate the coronation of George I and the Hanove
rian succession. He extended his stay for two years, meeting and working 
with Jean Theophil Desaguliers (1683-1744), the leading figure of British 
experimental Newtonianism, then meeting lsaac Newton himself and get-
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ting elected to the Royal Society. Newton was so impressed with 'sGraves
ande that he praised him to the leaders of the Dutch delegation, and they 

persuaded the curators back home to appoint 'sGravesande to the chair in 
mathematics in Leiden in 1717, notwithstanding his lack of standard cre
dentials.85 While the physics lab that had been created by de Volder re

mained in the charge of the aged natural philosopher Sengueridius until the 
latter's death in 1724, immediately thereafter 'sGravesande took it over and 
worked with the talented instrument maker Jan van Musschenbroek (1687-
1748), Peter's older brother, to design a remarkable series of experimental 
demonstrations, primarily oriented to Newtonian principles in physics.86 

In 1720 'sGravesande produced an important book, Physices Elementa 
Mathematica, Experimentis Confirmata, sive Introductio ad Philosophiam New
tonianam, the earliest and one of the most important Newtonian explica
tions on the continent of Europe. A second, revised and expanded version 
of this work appeared in 1725.87 The British Newtonians loved the book. 
John Keill immediately rendered an unauthorized translation.88 This irked 
'sGravesande, and Desaguliers worked with him to produce an authorized 
one.89 There was a clear sense of alliance between these British Newto
nians committed to "experimental philosophy" and 'sGravesande in Hol
land. As Ruestow puts it, among the British "the Dutch Newtonians enjoyed 
an influence surpassing that of any other continental scientists in the early 

eighteenth century."90 The French reception was markedly cooler: "the 
first edition of the Physices elementa mathematica had been ignored by the 
prestigious Journal des Sfavans and was reviewed unsympathetically else
where!'91 But by the end of the 1720s, Frenchmen interested in Newtonian 
ideas recognized 'sGravesande as an important authority. Voltaire contacted 
him early in the 1730s for advice in comprehending Newton. Maupertuis, 
the other key proponent of Newtonianism in France in the 1730s, explicitly 
formulated his conception of Newton in juxtaposition to that of 'sGraves
ande in order to win over the Paris Academy of Sciences, but later he visited 
with 'sGravesande and Desaguliers and appears to have moved substantially 
toward their orientation. 92 

As Vermij puts it, "'sGravesande and Van Musschenbroek aimed to com
pletely restructure natural philosophy on the foundation of Newton's theo

ries."93 Peter van Musschenbroek was Boerhaave's student when the latter 
gave his famous address of l715 celebrating Newton, and we have good rea
son to believe that Van Musschenbroek's Newtonianism owed not a little to 
that introduction. "All his life Van Musschenbroek was a faithful follower 
of Boerhaave."94 He did his dissertation in medicine with Boerhaave, then 
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went on to Britain in 1717 to learn more about Newtonian science. When he 
returned, he took a second degree in (natural) philosophy. After a brief stint 
at Duisburg in Germany, he returned to a position first at Utrecht, where 
Haller met him, then together with 'sGravesande, whom he admired highly, 
at Leiden. Together, they were renowned throughout the Continent as the 
foremost advocates of experimental Newtonianism.95 

While even in 'sGravesande we can detect over the course of his career a 
movement away from a mathematical to a more instrumental and experi
mental approach to natural inquiry, this was far more prominent in Van 
Musschenbroek from the outset. Kees de Pater draws some important con
trasts: "Van Musschenbroek's textbooks are less mathematical in approach 
than the various editions of 'sGravesande's textbook . . . .  [A] comparison of 
the third edition of 'sGravesande's textbook (1742) with the second edition 
of Van Musschenbroek's Elementa Physicae (1741), which appeared more or 
less simultaneously, is illuminating . . . .  Van Musschenbroek . . .  pays atten
tion to magnetism, electricity, heat, meteorology and the strength of mate
rials, topics that are largely ignored by Newton and 'sGravesande . . . .  Van 
Musschenbroek pays attention to chemistry which is ignored by 'sGraves
ande."96 De Pater adds: "In Van Musschenbroek's work forces play an im
portant role, perhaps even more than in the work of other Newtonians in 
and before his time."97 In short, Van Musschenbroek was attuned to the 
nonmathematical physique of Herman Boerhaave, which took inspiration 
primarily from the speculative "Queries" of Newton's Opticks. That became 
the main concern of late eighteenth-century natural inquiry. A key figure in 
that impulse was Boerhaave's greatest medical student, Albrecht von Haller. 

A L B R E C H T V O N  H A L L E R  B E F O R E G O T T I N G E N :  T H E  

M A K I N G  O F  A N  E X P E R I M E N T A L  N E W T O N I A N  

Albrecht Haller was born October 18, 1708, in Bern, Switzerland, the young
est of several children; his mother died when he was very young. He grew up 
speaking French and (Swiss) German, and he swiftly mastered the classical 
languages.98 Haller's father was a lawyer who wanted Albrecht to study for 
the clergy, but after he died in 1721, the fourteen-year-old decided for him
self on medicine.99 In 1722 he moved in with his step-uncle, Johann Rudolf 
Neuhaus (1652-1724), a doctor in Biel, where he had his first encounter 
with Cartesian philosophy.100 Neuhaus was a convinced Cartesian, but the 
young Haller would question him at every turn: "[Descartes's] physics was 
too arbitrary and speculative for the critical young man, and he pestered 
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his master with questions as to how one could know 'that the particles of 

the second element were round, that the specks [Stiiubchen] that composed 

the matter of magnets were helical!"101 Much later Hailer wrote of his first 
reading of Descartes that "every page revolted me!'102 

After this brief "apprenticeship" Hailer betook himself to university

initially at Tiibingen (1724-25). Hailer's key instructor was Johann Georg 
Duvernoy (1691-1759), an anatomy professor, who first inspired Hailer's 
lifelong and defining interest in anatomy. But Duvernoy had little to work 

with in Tiibingen: "Keine Leichen, keine Biicher [no cadavers, no books]," 
as Gerhard Rudolph succinctly puts it.103 He did get Hailer interested in a 
dispute he had initiated with an anatomist from the eminent University of 

Halle, Georg Daniel Coschwitz, who clainled to have discovered a new duct 
of the salivary glands. Duvernoy believed he had disproved this experimen
tally, and he encouraged Hailer to present a formal disputation on that con

troversy, based entirely on Duvernoy's own research.104 
Tiibingen proved intellectually inadequate not only for the fledgling 

Hailer but for his teachers as well. When the Saint Petersburg Academy of 
Sciences opened in 1725 and sent out invitations to scholars in the West, pre
eminently in the Germanies, Duvernoy took up the invitation in the spring 
of that year. So did the other important instructor for Hailer in Tiibingen, the 

philosophy professor Georg Bernhard Bilfinger (1693-1750).105 Since Bilfin

ger was a Wolffian and Hailer definitely took a course from him, there has 
been some effort to link Hailer with the German school-philosophical tradi
tion.106 That seems highly dubious. Hailer had other ideas. In his medical 
lecture course, Duvernoy had used Boerhaave's Institutes as his textbook, so 
Hailer knew exactly where to go for the cutting edge in medicine.107 After 
sixteen months at Tiibingen, he moved on to Leiden in April 1725. 

When he arrived, the Leiden University medical school was "in flourish
ing condition;' Hailer noted in his 'lagebucher: "in our field of science . . .  
we have everything we could wish for . . . .  Nowhere are the endeavors in 
natural, anatomical, ·and the other arts carried to a higher level!'108 He 
pointed first and foremost to Herman Boerhaave and the latter's younger 

colleague, Bernhard Siegfried Albinus (1697 -1770 ), and continued: "as con
cerns the [anatomical] theater, the library, and the [botanical] garden, we 
were provided with everything."109 Leiden University, established in 1575, 
had raised the medical school to prominence in these areas already by the 
middle of the seventeenth century, rivaling or surpassing the medical school 
of the University of Padua, which it sought to emulate.U0 By the time Boer
haave began his career, "Leiden's medical faculty was considered the best in 
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Europe, attracting many students from all over the Continent.''111 It is im
portant to register the scale and cosmopolitanism of Leiden medical school 
by 172). In his first class, Haller discovered he had more than 120 class
mates, over half from beyond Holland: 40 British, 20 German, a smatter
ing from all over the rest of Europe.112 Conspicuous as an exception, there 
was virtually no one from France.113 Such a medical school class size was 
substantial. Hailer's own classes at Gottingen drew only 50-60 students per 
year at most, according to Hubert Steinke.H4 Among German universities, 
only Halle had enrollments anywhere near the size of Leiden, and most 
had very few students matriculating in medicine. At the moment Hailer ar
rived, Boerhaave towered over the whole enterprise. There were technically 
five chairs in the Leiden medical faculty, but there were only three pro
fessors, because Boerhaave held down three of the five chairs! "He taught 
the preliminary subjects, botany and chemistry, then he taught physiology 
and pathology, then special pathology and therapeutics, and finally clinical 
medicine.''115 

Hailer made many lifelong friends while studying at Leiden, and anyone 
who had studied at Leiden before or after him took him up as one of the fel
lowship. No fewer than fifty Boerhaave students corresponded with Hailer 
between 1725' and 1777, and in the years before his Gottingen appointment 
they formed the lion's share (twenty of twenty-two correspondents) of his 
network.116 Perhaps most important among them for Hailer personally was 
Johannes GeBner (1709-90) from Zurich. Haller met him in Leiden and 
they studied together not only there but in Paris and then in Easel as well. 
Together they undertook a mountain tour in the summer of 1728 that would 
lead not only to their lifelong collaboration in Swiss botany but to Hailer's 
famous poem Die Alpen. 

When we ask after Hailer's encounter with Dutch Newtonianism at its 
source, we can draw upon evidence from his Holland diaries.117 As Knoeff 
notes, there is no mention of any association of Boerhaave with Newton in 
that diary. Interestingly, by contrast, Hailer's great rival,Julien Offray de La 
Mettrie, was emphatic about his experience with Boerhaave in 1733: "Boer
haave etoit Newtonien, convain�u et convainquant.'' For La Mettrie, Boer
haave was an active proponent of the Newtonian philosophy.118 But we get 
no sense of that from Haller. In the diaries, Haller did mention 'sGraves
ande, in what appears to be his revised version of the original diaries, as 
"a diligent, creative, but not very academic mathematician.''Il9 More exten
sively, later in his diaries, Haller wrote: "in the philosophy faculty there 
is . . .  'sGravesande. A lawyer from The Hague who, upon becoming ac-
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quainted with Newton, had understood his teachings so well that now he 
has constructed a complete system of it. What is best about him is the exper
iments, which because of his beautiful instruments, he can perform often 
and precisely. It is all presented in his new edition of the Physics text.''120 

From this we can infer that Hailer probably attended 'sGravesande's lectures 
in 1725. He metJan van Musschenbroek, the instrument maker who worked 
with 'sGravesande on his experiments.121 He even met Jan's brother, the fa
mous experimental physicist Peter van Musschenbroek, in Utrecht.U2 

While Hailer, thus, encountered all the Dutch Newtonians during his 
student years, there is no evidence of any explicit identification with New
tonianism on his own part. Rather, he seemed altogether focused on his 
medical training, specifically on anatomy, the domain of Boerhaave's young 
and brilliant colleague Bernhard Siegfried Albinus. Notably, while we have 
little correspondence between Hailer and Boerhaave, Hailer corresponded 
with Albinus from the moment he departed Leiden. Albinus, Hailer's dia
ries avow, "should become the greatest figure in anatomy that Europe has 
ever seen. Already he dissects with such precision that he does not disturb a 
single hair.'1123 But Albinus was more than a technical master in dissection. 
He was also proving a bold theorist in physiology, willing, indeed, to part 
company with and criticize his grand colleague.124 His private physiology 
lectures "on human nature" were especially important in this regard, and 
Hailer attended these.125 They offered a version of "mechanism" in medi
cine that already encompassed a great deal of what would later be termed 
"vitalism," and in this we can see Albinus as a very important predeces
sor of Hailer's own transformative impact on the discipline. Later in their 
careers, Albinus would complain bitterly and publicly that Hailer had sto
len many ideas from him. The prefaces to many of the sequential volumes 
of Hailer's monumental Elementa Physiologiae Corporis Humani throng with 
his defenses against these charges from Albinus.U6 In addition to Albinus, 
Hailer was fascinated with the anatomical innovations of Frederick Ruysch 
(1638-1731) of Amsterdam. Already in his eighties when Hailer met him, 
Ruysch had developed a secret technique for wax infusions in blood vessels 
that had led to substantial advances in circulatory anatomy.127 

We have few details of Hailer's course work at Leiden, and it appears that 
he advanced very swiftly toward a degree, using the work done in Tiibingen 
to his advantage. His dissertation was a reworking of his Tiibingen thesis.128 

During a summer 1726 visit to Halle, which he reckoned "the premier uni
versity in Germany?' he had sought out Coschwitz to discuss the salivary 
duct issue central to both thesis and dissertation, and he also observed the 
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anatomic al work of the sc holar.U9 This only c onfirmed his negative opin
ion.130 W hen he took his degr ee in May 1727, Hail er was only nineteen years 

old. I t  was ty pic al, in those days, for still- green medic al students (those who 
c ould afford it, that is) to round out their training with a study tour, a per
egrinatio medica, as it was c ai led.131 Leav ing Leiden, Hailer did this, seeking 

" enc ounters with the most impor tant doc tors and researc hers of his ti me! '132 
I n  Leiden, Hai ler had befriended John Pringle (1707- 82), who would 

c omplete his Leiden MD in 173 0. Pringle provided Hai ler with some c on

tac ts f or his visit to England.133 Hailer had no English and this imposed 
signific ant l imitations on the balanc e between tourism and training during 
his ti me in England, July 25- August, 28, 1727.134 To be sure, he enc ountered 

James Douglas (16 75-174 2), royal physic ian.135 He met with W ill iam Che
selden (16 88- 175 2) and observ ed his operations at the hospital where Che
selden serv ed as c hief surgeon, and he v isited the extensive natural-history 
c abinet of Hans Sloane (166 0- 1753), whic h Hai ler esteemed the grandest 
in the world.136 I t  would seem that his main c ontac t  and guide in Lon
don medic al-sc ientific c irc les was Sloane's l ibrarian/ assistant, Johann Cas
par Sc heuc hzer (1702- 29), sc ion of an eminent Z uric h sc ientific family.137 
Sc heuc hzer took Hai ler all over London and arranged his visits with a num
ber of key fi gures, inc luding Cheselden.138 From Bern some years later, in 
his newly ac quired English, Hailer wr ote a letter of thanks to Sloane for his 
and Sc heuc hzer's hospitality during his London stay.139 

W e  have two versions of Hai ler's travel diaries for his stay in London. 
The one c ontains c onsiderable revisions that he entered in the period aft er 
he had returned to Switzerland (primarily in Basel, 1728- 29) and, indeed, 
after he had ac quired some c ommand of the English language (and lit
erature).140 The other, apparently unrevised version seems to c ontain all 
the evidenc e  of his medic al tr aining.141 The most interesting disc repanc y  
between the two "''agebiicher is that what seems to be the untouc hed diary 
has virtually nothing on I saac Newton, whereas the edited and revised diary 
(c ompleted in Basel, 1728- 29) is full of Newton and develops a very impor
tant assessment of English sc ientific asc endanc y. Hail er's c harac terization is 
wor th c iting fully: 

In the sciences it would appear no country takes precedence over England, 

except perhaps in the matter of law [since they follow common, rather than 

Roman, law]. However, in the study of nature, pointed experiments and all 

that which is encompassed by geometry and the nature of things, they top all 
previous ages and all contemporary lands. The causes are (1) the wealth of the 

land and the good government, which are the preconditions for the apprecia-
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tion and compensation of scholars; (2) the reflective and creative nature o f  the 

people, which sets about appraising everything with which it is presented, good 

or bad, in every detail; (3) the admiration of scholarship. How much science is 
valued at court is shown in the controversy between Newton, Clarke, and Leib
niz, when the queen [actually, the princess] presided over the exchange. New

ton's monumental funeral procession and his grave in Westminster Church 

[sic], and in particular the extraordinary admiration of the entire people for this 
great mind, prove that here one admires distinguished scholarship as much as 

in other lands one admires aristocrats or generals . . . .  These are the reasons why 

Wallis, Newton, Hawks bee, Keil, Boyle, and so many others among our scholars 

have achieved such great things, and Desaguliers, Raphes, Pemberton, Clarke, 

and others will bring further fame to their island with new accomplishments.142 

A bit later, Hailer returned to the matter of Newton's fine marble grave and 
the enormous honor the English people paid to Newton, "making a demi
god [Abgott] out of him.''143 As Richard Toellner has observed, the marble 
grave was completed only in 1731, so Haller could not have seen it but only 
read of it later in the press.144 Indeed, much of what Hailer wrote in Swiss 
retrospect about his London tour might well, as he himself noted in another 
context, be found in the Guide de Londres-in short, cribbed from published 
materials he had to hand in Basel, including a good bit of material from En

gland that, having learned English, he could now read.145 On the question 
of England more generally, it is very interesting to ask when Hailer actually 
read Lettres sur les Anglois et les Franfois (1725), by the Swiss author Beat Lud
wig von Muralt (1665-1749).146 In celebrating English civilization over that 
of France, Muralt stole a march on Voltaire's famous Letters on England.147 
Hailer mentioned Muralt in his revised 'iagebiicher, but it seems more likely 
that this was an insertion from the Basel revisions than that Hailer brought 
that perspective with him when he landed on English shores.148 

It seems that Newton's prominence in the English environment (he had 
died only a few months before Hailer arrived in London) was palpable to 
the young visitor even in the absence of sufficient linguistic competence. 
That impression was an authentic part of the initial experience. But its sig
nificance developed for Hailer later. It is noteworthy that in the meticulous 

inventory of his possessions and purchases that Hailer composed for his 
return to Switzerland, there are no books relating to Newton. I believe 
Hailer's new conception of science in the England he had visited so briefly 
in 1727 only later proved decisive for his intellectual identity. In his revi
sions, Hailer twice mentioned the Leibniz-Clarke correspondence.149 That 
deserves further consideration. Already in the unrevised diary, Haller noted 
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his visit with Pierre Desmaizeaux (1666-1743) in London.150 Desmaizeaux 
was the translator and compiler of the French version of the Leibniz-Clarke 

correspondence.151 In the original diary, Hailer touched on Desmaizeaux's 
literary endeavors but did not mention the Leibniz-Clarke correspondence; 
however, he inserted it seamlessly into the same sentence in his revisions 
of 1728-29.152 But was Hailer already aware of Desmaizeaux's crucial role 
in the propagation of Newtonianism in 1727? Did he see a copy of Des
maizeaux's two-volume edition in the latter's rooms? Everything argues, 
rather, that it was his vastly more informed vantage in Basel that made this 
connection significant. Quite simply, retrospective fascination with Newton 
is the most significant element in Hailer's self-formation as a natural scien
tist in these years. Ironically, I believe it was his time in Paris that crystal
lized Hailer's understanding of Newton's epochal centrality. 

Paris, September 1, 1727, to Febrnary 21, 1728 

An enormous amount of research has appraised Hailer's medical training in 
Paris, but I suggest there is another aspect of his stay that needs to be con
sidered: namely, the impact of Paris on Hailer's sense of the state and future 
of natural science more generally and how his own pursuit might fit into 
that larger impetus. No one seems to have seriously considered why Hailer, 
already a credentialed MD from the foremost medical school in Europe, and 
clearly advancing in his "journeyman" acquisition of additional technique 
in anatomical dissection, would suddenly opt for a term of study in advanced 
mathematics with Johann (I) Bemoulli (1667-1748) in Basel in 1728. That 
had little to do with Hailer's pursuit of medicine and everything to do with 
Hailer's pursuit of science-in a word, with his adoption of"Newtonianism." 

The Medical Aspect 

Toby Gelfand has observed: "From a technical standpoint, French surgery 
assumed a position of European leadership in the late seventeenth century 
and the first half of the eighteenth. French, or to be more precise, Paris sur
geons built this reputation on major operations, new instruments, and ana
tomical work[,] for which cadavers were in plentiful supply. Their publica
tions dominated the literature, and Paris became the outstanding center for 
learning anatomy and surgery.''153 In a more focused paper, Gelfand has ex
aniined what was called "the Paris manner of dissection" in the early eigh
teenth century.154 That is, Paris was noted as the place where students could 
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get hands-on experience i n  dissection. While medical students everywhere 

could observe dissections in lecture demonstrations and surgical theaters, 

what they wanted-and Hailer most adamantly-was to do them. This drew 
a lot of British medical people to Paris over the first half of the eighteenth 
century.155 Notably, Boerhaave gave explicit advice to two of his young stu

dents, the GeBner brothers, to supplement the theoretical training in medi
cine he had given them with the practical experience that would be put at 
their disposal by the Parisians.156 They followed his advice, arriving in Paris 

two weeks before their good friend Hailer. Gelfand has established that the 
bulk of the hands-on training in anatomy in Paris was in fact made avail
able, particularly to foreign students, only in private courses (for a fee).157 

Jacques-Benigne Winslow (1669-1760) was at that time "the most highly 
regarded anatomist of France.''158 What the GeBners learned, upon arriving 

in Paris, was that Winslow was not at that moment willing to offer "private 

courses" in dissection for any sum of money.159 Accordingly, they turned to 
the distinguished chief of surgery at the Paris Charite hospital, Henri Fran
<;ois LeDran (1685-1770). Hailer followed suit when he arrived in Paris on 

September 1, 1727. They were all nonplussed to learn of a Paris regulation 
that delayed official anatomical dissections and demonstrations until after 

October, and they sought, successfully, to find ways around it, primarily via 
autopsies at the Charite, presided over by LeDran. When even this proved 

insufficient, Hailer made other arrangements, and in emulation the GeBners 
negotiated with LeDran to get secret instruction before the ban on dissec
tion was lifted.160 

Unquestionably, the Paris stay was of "extraordinary importance" in 
Hailer's technical advancement.161 Without it, Erich Hintzsche has aptly ob

served, Hailer would never have been able to take over the anatomy course 
at the University of Basel in 1728/29.162 But as he also and famously pointed 
out, a lot of misinformation has been propagated by the standard sources 
on Hailer about what he did in, and learned from, his stay in Paris. Contro
versy revolves especially around Hailer's relation with Winslow. Gerhard 
Rudolph, for example, claims: "Particularly fruitful was Hailer's activity 

with the initially not very highly esteemed Winslow in Paris, with whom he 
learned to study organs in their relative topographical situation.''l63 Winslow 

also impressed Hailer with his structural-functional thinking, according 
to Rudolph. But Hintzsche has established that Hailer never worked with 
Winslow, though he may have attended one or two of his anatomical dem
onstrations. Instead, he made a systematic collection of student notebooks 
from Winslow's lectures, which he collated carefully.164 Hintzsche has pub-
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Iished an inventory of the newfound notebook of Hailer's time in Paris, 
the Manuscripta Winslowiana, to document this more critical assessment of 

the Winslow connection.165 While Haller's disciple and authorized biogra
pher, Johann Georg Zimmermann (1728-95), reported that Hailer seemed 
excessively complimentary of Winslow in his conversations at Gottingen, 

and there are remarks of high praise in Haller's Methodus Studii Medici and 

in the Bibliotheca Anatomica, there are also strikingly negative judgments 
about Winslow in Hailer's final commentaries, his articles for the Encyclo
pedie d'Yverdon.166 The upshot is that Winslow was important for Haller, but 
more as a transmitter of certain techniques than as a direct teacher or model 
for anatomical research. 

By contrast, Hailer attended and carefully documented a number of au
topsies and surgical procedures by LeDran. Strikingly, most of these surger
ies proved unsuccessful. Urs Boschung calculates, on the basis of the diaries, 
that of nineteen patients whom :Haller observed LeDran treating surgically, 
sixteen died; in Hailer's later account in the Bibliotheca Chirurgica, out of 
seventeen surgeries there were fifteen fatalities.167 Many Hailer scholars, in
cluding Boschung, surmise that this may well have established his deter
mination never to practice surgery himself, though he taught the field for 
seventeen years.168 Haller also noted the relative lack of sanitation in Paris 
hospitals as contrasted with English ones and the correspondingly higher 
death rates thereJ69 

In early December 1728, Hailer had a falling out with LeDran.170 Imme
diately he set about working independendy by arranging with a "Duverney" 
(son of the aged and famous anatomist?) to purchase a cadaver and other 
anatomical specimens on which to work.171 As Boschung notes, Hailer meant 
to make the most of his opportunities in Paris, "self-consciously choosing 
his own way, even without the defining influence of a teacher!'172 As Hintz
sche puts it, "Hailer's extensive anatomical studies of the Paris period are 
largely independendy undertaken labors.m73 In any event, there is a striking 
gap in documentation concerning Hailer's anatomical work from Decem
ber 19, 1727, to February 21, 1728, the date he left Paris.174 Hailer was metic
ulous in documenting what he did in Paris, and that has raised the question 
whether this gap in the record betokens a suspension of research.175 That 
gets linked to Haller's much later claim that he had to leave Paris prema
turely because he had acquired a cadaver from a grave robber and been de
nounced for it by a neighbor.176 Hintzsche notes that the time span between 
the last date of his accounts of anatomical labors in the Paris notebooks 
and his date of departure from Paris is too extended to make this story very 
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plausible.177 But the last phase o f  Hailer's stay in Paris, in any event, remains 
extremely obscure.178 

So is the motivation for abandoning his ostensible plan to continue the 
pereg;rinatio medica to Italy-a major locus of medical research and prac
tice, with which, later in his career, Hailer would prove substantially con
cerned.179 Instead, suddenly, he resolved to go to Basel to study mathematics 
with Bernoulli.I80 That has simply been taken, supplemented by the no
tion that Hailer was somehow "homesick" for Switzerland, as a self-evident 

course of action.I81 I submit that won't do. No one has really explored the 
fact that Johannes GeBner was already planning to go to Base! to study 
mathematics with Bernoulli. GeBner would get his MD from Base! in 1730, 
and upon his return to Zurich he would teach primarily mathematics and 
physics, which suggests that this training with Bernoulli was a centerpiece 

of GeBner's academic preparation. Hailer may have decided to go to Base! 
simply in order to stay with his friend.182 But even that is not enough. We 
need to think more deeply about this intellectual interlude. 

Why mathematics and Bernoulli then? Rudolph assures us simply: "He 
wanted to fill a hole in his education.''183 Hintzsche offers us something 
roughly similar: "he felt his limited knowledge of the higher mathematics 
was a hole in his medical education.''184 But that is hardly an adequate ex
planation. Why did that "hole" matter? Why then? Why did Hailer respond 
to it in that way? R. R. Beer observes: "Clearly it was under the influence 
of the English that Hailer drew near mathematics, the stern queen of the 
age. Newton was of course the great name, which had dawned upon him. 
In order to penetrate fully into his world, he had to supplement the natural 
sciences with differential and integral calculus.'nss This is the closest I have 
seen anyone come to a useful conjecture about the decision. Let us see if it 
can be developed more compellingly. 

The Science Aspect 

An important aspect of Hailer's Paris stay needs to be explored: the happen
ings in the Paris Academy of Sciences and the discourse of natural philos

ophy within the academy. Bernard de Fontenelle's famous Eloge of Newton 
was read at the open session of the Academy of Sciences on November 12, 
1727.186 Hailer was in attendance: that much he tells us in his diaries.187 
What else did Hailer know about the discussions swirling in Parisian scien
tific circles at that moment? A recent major study has dramatically enhanced 
our grasp of these questions. J. B. Shank's crhe Newton Wars and the Begin-
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tiing of the French Enlightenment (2008) thoroughly updates the classic work 
from Pierre Brunet, £'introduction des theories de Newton en France au XVIIIe 
sikle avant 1738 (1931).188 While Shank has other agendas than those to be 
pursued here, he offers us a sound footing for the pursuit of our question 

· about Hailer's experience of the discourse of natural philosophy in Paris 
in 1727-28. 

The most important point Shank establishes is that the French assimi
lated Newton's Principia immediately upon its publication, but into a very 
specific and established framework. From the initial review of the Principia 
in the Journal des Sfavans in 1688 through Fontenelle's famous Eloge of 1727, 
the French discriminated between Newton the mathematician and New
ton the physicist.189 While they welcomed and celebrated Newton for his 
formidable mecanique, they were unequivocal in dismissing his physique as, 
in Shank's stark summation, "an epistemological category error!'190 Phys-
ics (natural philosophy), in this line of thought, was about physical causes, 
whereas mathematics was about "relations between quantitative and spa
tial magnitudes!'191 What made Newton's physics so problematic was his 
claim, in book 3 of the Principia, that attraction was an actual physical force, 
not merely a mathematical model. Nor were the French alone in dismissing 
"action at a distance" as a preposterous recursion to "occult qualities."192 

That proved the response of the foremost Dutch physicist, Christiaan Huy
gens, and, of course, of Leibniz and his followers as well.193 The French did 
not even think that aspect of"Newtonianism" needed to be taken seriously
until the 172os.194 It was in the period surrounding his Eloge that Fontenelle 
"explicitly identified the Newtonian enemy as the principle of gravitational 
attraction across empty space.m95 

Shank is fascinated with the tradition of mathematical Newtonianism, 
especially in France. The result, in my view, is an underestimation of ex
perimental Newtonianism elsewhere.196 Shank is certainly correct that for 
most advanced practitioners of "analytical mechanics" in the aftermath of 
the Principia, the important game was to restate Newtonian mechanics in 
the new and more efficient language of (Leibnizian) calculus, since New
ton himself had chosen to formulate it primarily in the "classical" form of 
geometric synthesis. Shank goes on, however, as follows: "That so many 
Englishmen after 1690 were eager to see a new, 'analytical' Principia de
veloped using the newest infinitesimalist mathematics reveals the extent 
to which the 'Continental' understanding of Newtonian science was not so 
exclusively 'Continental' after all."197 What gets obscured in this formula
tion is whether and when English Newtonians adopted Newton's physical 
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theory, regardless of which mathematics was used to formulate it. Shank 
contends: "few if any defenders of Newtonian gravitational attraction 

existed anywhere in Europe before 1710." That is, the French discrimina
tion between mecanique and physique was "the most common interpretation 
for everyone . . .  [and was] true even in England . . .  .''198 

The dating, here, is crucial, and Shank equivocates even in continuing 
this very sentence: " . . .  even if Newtonian physics found its first advocates 
here.'' Just when did that happen? Shank himself gives clear evidence that 
it was well before 1710, notwithstanding his own dating. We are now em
inently aware of a "Newtonian physiology'' that set in during the 169os 
(Pitcairne et al.) and of a "Newtonian chemistry" that set in around 1700 
(Freind et al.), and we know that in his important Astronomiae et Geometricae 
Elementa of1704, David Gregory-in Shank's own words-"was representa
tive of the attractionist approach to Newton's Principia then growing in im
portance in Britain and Holland.m99 Most significantly, public experimental 
demonstrations of Newtonian physics had become a major feature of the 
London scene before 1700.200 In a word, the "experimental philosophy" 
associated with Isaac Newton did not have to wait until the appearance of 
his Opticks in 1704. Rather, Newton sought to capitalize upon and advance 
this already-thriving tendency in Britain by guiding it with the "Queries" 
of the Opticks.201 While the mathematical and the experimental elements 
in Newtonianism may have been in some tension among the British New
ton enthusiasts, what Shank's story underestimates is the entrenchment and 
power of the "experimental" orientation among these figures. Perhaps this 
is because in France it was not taken that seriously-until the late 1720s. 

Shank teaches us that there was an important shift in the orientation of 
Parisian science and especially of the Academy of Sciences in the years after 
1715. While analytical mechanics had been a mainstay of the academy in 
the period 1690-1715, thereafter its importance waned dramatically. As the 
leaders of the early generation died off, they were not replaced by figures of 
comparable stature.202 Instead, the Academy of Sciences came to be domi
nated by two new figures, closely allied in orientation: Rene-Antoine Fer
chault de Reaumur (1683-1757) andJean-Jacques Dortous de Mairan (1678-
1771), who shifted the attention of the institution and of Parisian science 
generally away from analytical mechanics to natural history and pragmatic 
technologies.203 The perpetual secretary of the academy, Fontenelle, found 
it expedient to go along. The result was that by the 1720s, the status of 
mathematics in the academy had eroded profoundly. The only significant 
representative of the higher mathematics was Fran<;ois Nicole (1683-1758), 
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he had only a peripheral influence.204 The mathematicians at the Paris 
·.a.c::adem1y of Sciences over the last decade of the seventeenth and the first 
:decade of the eighteenth centuries had been deeply influenced by Johann (I) 
Bernoulli. But now Bemoulli had become substantially marginalized, much 
to his annoyance; his submissions for prizes at the Paris Academy were con
sistendy rejected, leading him to suspect a "cabal" there actively intent on 
dlwarting him. He complained, as John Greenberg reports, that "mathe
·#lllticians in Paris in the 1720s handled the infinitesimal calculus clumsily, 
awkwardly, and cumbersomely and perhaps sometimes even misapplied it 
when using it as a tool to solve mathematical problems."205 

Things began to change, however, with the appearance of the young 
Pierre-Louis Moreau de Maupertuis (1698-1759), who attached himself to 
Nicole, the one mathematician in Paris to eam Bemoulli's praise. Mauper
tuis made his breakthrough in December 1723, when he became "an ac
ademician and a member of the class of mathematicians."206 In 1726 he 
delivered his first original mathematical paper to the academy. 207 This re
invigorated Fontenelle's longstanding loyalties to the analytical-mechanical 
tradition.208 For decades he had been working on his own synthesis of the 
calculus, but he had not found it politic to publish it in the environment 
dominated by Reaumur and Dortous de Mairan. In 1724-25, however, he 
contacted Johann Bemoulli asking for assessment of his revisions of the 
book manuscript. In August 1726 Fontenelle submitted it to the Academy of 
Sciences for accreditation, and it was approved in February 1727. In Novem
ber, at the same public session where his Eloge of Newton was read, Fon
tenelle himself read the preface to his newly appearing work.209 By the late 
1720s Bernoulli seemed to have regained prominence in the Paris scene, 
as "the pace of research in the infinitesimal calculus began to quicken and 
its quality began to improve there, largely as a result of the interest, zeal, 
and personal ambitions of Maupertuis."210 What is most important to de
rive from all this is that the infinitesimal calculus was a hot topic in Paris in 
1727-28, and that everyone acknowledged the preeminence of Johann Ber
noulli in that field. Indeed, the most important evidence of this is that Mau
pertuis himself decided that he had to go to Basel and study with Bemoulli to 
advance his own mathematical understanding. This was quite a sacrifice in 
status for Maupertuis, who was not only an aristocrat of means but also al
ready a noted mathematician and member of the Paris Academy of Sciences, 
and this betokens the importance he attached to studying directly with Ber
noulli. As the foremost mathematician of the day in Paris, this was a tre
mendous acknowledgment of the gap between Basel and Paris. 
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We have, i n  short, uncovered the context into which the young Albrecht 
Hailer stepped in Paris in 1727-28, inducing his interest in calculus and 
Bernoulli. The question that remains is: what has this to do with "Newtoni
anism" for Hailer? In what measure was the revival of calculus in Paris in 
the late 1720s associated with the question of Newton? Maupertuis, again, 
serves as the key. In May 1728 he wrote to Bernoulli, asking to study with 
him in Base!. Then he set off to London for a three-month stay, "meeting 
everyone from Desaguliers and Samuel Clarke to the journalist Pierre Des
maizeaux!'211 He encountered Henry Pemberton, who had assisted Newton 
with the final edition of his Principia and then, after Newton's death and 
relying on his close consultations with the master, had published A View of 
Sir Isaac Newton's Philosophy (1728), one of the most highly regarded formu
lations of Newton's ideas from the British-Dutch vantage point.212 Mauper
tuis also became acquainted with the best British mathematicians-Brook 
Taylor, James Stirling, and Abraham de Moivre-through whose support he 
was admitted into the Royal Society. In short, Maupertuis was motivated in 
just this moment not simply to go work with Bernoulli but to steep himself 
in British "Newtonianism." Taylor, Stirling, and de Moivre, it bears pointing 
out, were committed to Newtonian physics, not just Newtonian mathematics. 

My suggestion is that in Paris in the 1720s the question of formal mathe
matics could no longer be kept apart from the question of Newtonian 
physics (and metaphysics), and that as Maupertuis advanced in his sophis
tication in mathematics, he was also, and decisively, advancing to his path
breaking advocacy of Newtonian physics (though not metaphysics). After 
1732 he would emerge as the first and most important scientific advocate 
of Newtonian physics in France. Yet Maupertuis was the "direct heir to the 
analytical mechanics program in France;' and he engineered the acceptance 
of Newton's long-despised physics in that context.213 Shank demonstrates 
aptly that in the famous Discours sur les dijferentes figures des astres (1732), 
Maupertuis drew upon Malebranche for a ubiquitous philosophical skep
ticism that rendered equally problematic Cartesian vortical theory of mo
tion and Newtonian attraction, thus mitigating the epistemological horror 
with which the latter had so long been viewed in Paris. At the same time, 
however, Maupertuis chose to "avoid altogether 'sGravesande['s] application 
of experimental philosophy to the principle of Newtonian attraction!' He 
"privilege[d] mathematics as an epistemological guarantor of empiricism 
in a manner very different from English and Dutch 'experimental philos
ophy' . . .  [revealing his] pedigree in the Malebranchian world of French 
analytical mechanics!'214 Hailer did not follow that line at all. He was never 
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,a disciple of Malebranchian analytical mechanics. Studying with Bernoulli, 
instead, would enable him to understand and embrace the English and 

. .  Dutch tradition of "experimental philosophy!' 

Easel 

Hailer left Paris for Basel well before Johannes GeBner, perhaps because 
the latter came down with a serious illness in late January. Reaching Basel 
March 15, Haller began his studies with Bernoulli on April 1.215 He stud
ied under Bernoulli together with Johannes GeBner both in the spring of 
1728 and again in the 1728/29 academic year.216 While he studied with Ber
noulli, Hailer also worked with Johann Rudolf Mieg (1694-1733) in anat
omy and with Benedikt Stiihelin (1695-1750), a physics professor who was 
also avid for botany. Stiihelin proved crucial for another aspect of Hailer's 
education in Basel: learning the English language. Stiihelin was a major 
source of Hailer's intense new Anglophilia, giving Hailer English poetry to 
read and helping Hailer commit himself to "philosophical poetry" -that is, 
didactic poetry along the lines of the English Augustan, Alexander Pope.217 
His "resolution to write a 1' Anglais dates from 1728!'218 He set about "to do 
for German poetry what had been done in English verse-namely, to write 
philosophical poems!'219 The result was Versuch schweizerischer Gedichte with 
its four great didactic poems: Die Alp en (1729); Gedanken iiber Vernunft, Aber
glauben und Unglauben (1729); Falschheit menschlicher'1ugenden (1730); and, in 
the second edition, Uber den Ursprung des Ubels (1734). 220 

Die Alpen brought Hailer immediate international fame because his cele
bration of the wild beauty of the Alps evoked one of the most important aes
thetic innovations of the age, attunement to the "sublime" in nature.221 The 
Alps after Hailer would enjoy a distinct prominence in European literature; 
the Bern highlands became a pilgrimage place for the age of sensibility.222 
But his poetry also contained a substantial element of cultural criticism, 
connected with Muralt's condemnation of decadence.223 This stressed the 
superiority of England over France, to be sure, but even more, it glorified 
the rustic simplicity of Swiss mountain villagers.224 On that score, there is 
much to compare with the Genevan Jean-Jacques Rousseau, writing some 
decades later. Die Alpen is the direct fruit of Hailer's first Alps tour, in the 
summer of 1728.225 He set out July 7 with his friend GeBner, after they had 
completed their first Bemoulli course. One of the central purposes of the 
expedition was to study alpine botany, and they planned to write up their 
findings jointly.226 Graciously, GeBner, who would remain a very active 
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botanist over his entire career and an enthusiastic Linnaean, unlike Hailer, 

eventually allowed Hailer to publish their collective discoveries.227 
In August 1728, from Bern, Hailer wrote to Mieg, offering to substitute 

for him in the University of Basel anatomy course because of the latter's 
illness, and Mieg accepted.228 Accordingly, while continuing his studies of 

mathematics with Bernoulli, Hailer (twenty years old!) assumed all duties 
at Basel in anatomy-both dissections and lectures-for the academic year 
September 1728 to May 1729. This experience served to fix Hailer's scien
tific "calling!'229 Still, he had no regular appointment, and he was forced 
to return home to Bern after the end of the term. Only a few months after 
Hailer left for home, Maupertuis arrived in Basel to enroll in the univer
sity to get retrained in the higher mathematics by Bernoulli. He began his 
course work in September 1729, enjoying as well the privilege of living with 
the distinguished mathematician and his sons, who would become lifelong 
friends. Maupertuis subsequently became Bernoulli's most important am
bassador in the Paris Academy of Sciences, a locus of consummate impor
tance to the prickly mathematical master. 230 

Mathematics was at the heart of much of Maupertuis's early career. But 
what of Hailer? What did studying with Bernoulli mean for him? Certainly, 
he developed enormous respect for the genius of the man. In the dedication 
of his Boerhaave edition, 1740, Hailer wrote of Bernoulli: "one day as an old 
man, if indeed God shall grant [me] the years, I shall be roused by the love 
of my teacher to explain to my students, not without a blameless exaltation 
of mind, that I heard . . .  Johan Bernoulli [lecture].m31 He made a more ex
tended comment in a letter, cited first by Zimmermann, then by H. M.Jones: 
"Leibniz was a Columbus, who caught a glimpse of a few islands of his new 
world, but a Newton, a Bernoulli were born to be the conquerors of [that 
new world]!'232 

Still, what actual place did the higher mathematics have in Hailer's intel
lectual identity and work? According to Rudolph, "the new science carried 
him in its current for many years!'233 More insight arises, in my view, from 
the correspondence of Hailer with Nils Rosen von Rosenstein (1706-93), 
eventually "the leading Swedish physician of his day."234 In 1729-30 Ro
sen was residing in Geneva and he opened a correspondence with Hailer, 
whom he regarded as a rising star in Swiss medicine, with a query concern
ing the place of mathematics in medicine. Though Hailer's response has 
not survived, the ensuing letters from Rosen indicate that Hailer stressed 
the inadequacy of any "iatromathematical" approach. The Swede agreed 
"that the flawed state of medical knowledge was hardly adequate yet for 
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reliable mathematical calculations."235 In short, Hailer never believed-not 
even at the very time he was immersing himself in its study-that (higher) 
mathematics had any immediate application in medicine or in his own ana
tomical/physiological research program. 236 What was the point? In my view 
it was Hailer's effort to establish for himself what kind of "Newtonianism" 
he would embrace. 

Halter's Experimental Newtonianism 

Richard Toellner has it exacdy right: "Hailer recognized Newton's true im
portance for science only in 1728, in Basel!'237 There is good reason to be
lieve that the crucial moment for the establishment of Hailer's intellectual 
identity came in Basel in 1728-29, while he was revising his travel diaries. 
The burst of poetry associated with just these years, I believe, is best con
strued as the hammering out of this intellectual identity. Beer, notably, has a 
gO<>d biographical sense of this moment of reflection and integration: "Now, 
with distance, he could bring into order what he had read, what he had 
heard, what he had experienced, and thus develop himself into the figure 
who would be able to take on an important part in the progress of his cen
tury • • • •  Only now in many ways did he achieve the appropriate propor
tions, not least in his judgment of contemporary English literature . . . .  En
gland was the midwife of this new becoming!'238 

aaller was the first poet in German-perhaps the first major poet in 
Europe (even before Pope)-to celebrate Newton.239 "The name of Newton 
rings through all of Hailer's early work!'240 

A Newton exceeds the limits of created minds, 

Finds nature at work and appears as master of the universe; 

He weighs the inner force, that is active in bodies, 

That makes one fall and moves another in a circle, 

And he breaks open the tables of the eternal laws, 

Once made by God and never broken. 241 

In the poem Falschheit menschlicher 'iugenden, Hailer proclaimed that New
ton "fills the world with clarity" and "is a continual source of unrecognized 
truth!'242 

Toellner makes clear that it was not just poetic enthusiasm for Newton 
that Hailer achieved in Basel but a critical grasp of his technical physics, 
thanks to Bernoulli.243 Now, Bernoulli as Leibniz's partisan might seem 
a poor source for a correct understanding of Newton, but that would be 
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misguided. Bernoulli was one of Newton's most assiduous readers. He had 
worked through every mathematical proof and corrected several of them. 
Though he was a Cartesian vorticist by disposition, he was not doctri
naire.244 He would pander to the true believers in Paris, to be sure, but as 
he wrote in a confidential letter, he did not really believe so strongly in this 
view that he could not make good sense of Newton's alternative physics. He 
was a mathematician, but he was not hostile to experimentalism. Indeed, for 
a stint, he served as a professor of natural philosophy at the University of 
Groningen in the Netherlands, where he gave courses in experimental phi
losophy. That would be why Maupertuis would find in him the ideal mentor 
after 1729. Haller found him this already in 1728. So Toellner is right when 
he writes: "With the help of the mathematician Bernoulli Haller really un
derstands the 'Principia' and makes sure that Newton teaches the right idea 
of the construction of the world, the right physics and, above all, the right 
theory of the forces, and that he follows the right method.''245 

Toellner makes yet another point about Haller and Newton in 1728. 
Haller was a very young but extraordinarily ambitious man. He had already 
suffered "deeply from the contempt towards science in his home town" 
of Bern, and would again.246 "Newton had not only shown the way to the 
right cognition of the world as being the way of scientific research; he had 
also proved that by this new science there was fame to gain . . . .  In the 
field of science one could harvest what had until then been the privilege 
of birth and property, of the powerful only . . . .  Scientific achievement was 
ennobling."247 That shaped Haller's identity permanently. From Newton he 
learned that "to achieve fame through scientific achievements is possible 
and real.m48 

The upshot of all this is that there were two eminent idols of his early 
intellectual biography: Boerhaave and Newton. As Fran<;:ois Duchesneau 
puts it, "Haller is a follower of Boerhaave, and Boerhaave himself felt that 
empiricist requirements of Newtonian methodology had to be extended to 
physiology."249 In the review he published of his own book on Swiss plants 
in the Bibliotheque raisonnee in 1742, Hailer wrote: "After the Newtons and 
the Boerhaaves it is permitted to say, I do not know, I was wrong, I have not 
completely arrived at the truth."250 Boerhaave and Newton offered Haller 
science and piety. ''Where a Hobbes doubted, a Newton believed; where an 
Offray [de La Mettrie] scoffed, a Boerhaave worshiped.''251 

What were Hall er's aspirations by 1732? He was just about finished writ
ing serious poetry; in any event, he never saw that as his calling, indeed 
terming it a "sickness" that would overtake him from time to time. He was 
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practicing medicine, but that was never fulfilling for him. Research was 
what fascinated him. He was an experimenter, not a healer. What obsessed 

him was technical anatomy and physiology. Hailer wanted to pursue physi
ology as theoretical comparative zoology, not as a propaedeutic for human 
pathology. In short, Haller resolved to make a decisive step from practical 
medicine to a still-not-institutionalized Fachgebiet of experimental physiol
ogy. Steinke summarizes the situation aptly: "Hailer was himself part of 
the experimental tradition. As Richard Toellner has stressed, his intellectual 
home was the early Enlightenment of the Netherlands with Boerhaave as 
its master. Iatromechanism without rigidity and the encouragement of the 
empirical approach were the two main elements Haller adopted as his own 
fundaments of physiology. The detailed study of Newton's and Boyle's work 
after his medical training reinforced this position and shaped the outline 
of Hailer's world of science before he had performed any considerable re
search himsel£!'252 

By 1732 Haller had become a committed experimental Newtonian. In my 
view the best discussion of this is the section aptly entitled "Haller's New
tonianism" in Shirley Roe's masterful essay "AnatomiaAnimata," of 1984. At 
Leiden, Roe writes: "Hailer was inculcated with a markedly empirical ap
proach to anatomical and medical studies, with a negative view of Cartesian 
rationalism and its nonobservational method, and with a strong emphasis 
on the usefulness of mechanical reasoning in physiological explanation."253 
There are good grounds for recognizing the strong empirical-observational 
approach to medicine that Boerhaave stressed, and the practical anatomical 
work with Albinus was unquestionably experimental. There is further rea
son to reckon Boerhaave an explicit critic of Descartes, and 'sGravesande 
clearly emphasized this point in his "introduction to the Newtonian philos
ophy!' The key novelty Roe introduces here is that this was consistent with 
adherence to a generically "mechanist" approach to physiology. But this 
was a "Newtonian rather than Cartesian mechanism;' in that what Boer
haave and 'sGravesande taught was a "force mechanics;' and this was what 
Haller would develop and make his own. "Haller thus received through 
Boerhaave and 'sGravesande, if not his introduction to Newton, a strongly 
positive grounding in Newtonian physics and philosophy," Roe writes.254 

What I take this to mean is that Haller was given a basis for embracing 
Newtonianism at Leiden. He would actually achieve that identification only 
later, in Basel after 1728. Since Haller worked through 'sGravesande's course 
in 1725, he was of course familiar with his Physics, because it was the text
book. But one can study a textbook and still not penetrate to the spirit of the 
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science. Instead, it was Pemberton's book-and Hailer's preparation to read 
it receptively-that proved the turning point. Hailer ordered Pemberton's 
book in 1730 from Bern, which means he had learned of its importance in 
Basel, probably from Stahelin and perhaps from Bernoulli himself. Hailer's 
personal bibliographical annotation concerning the book dates perhaps as 
late as 1733-34.255 Notably, Hailer characterized the work in his newfound 
English: "written principally for those curious that not possed [i.e., did not 
possess] Mathematiks enough to peruse [Newton's] profond [sic] Demon
strations by themselves.''256 Pemberton gave Hailer the key tenets of New
tonian "experimental philosophy" in a form he could digest: "Philosophers 
are to be content, if they attain one of the intermediat [sic] marshes [sic] of 
the scale of cause's [sic], and noway oblig'd to come to the first, hidden in 
an impenetrable obscurity."257 Hailer specifically deemed it an "injustice;' 
which Pemberton properly exposed and corrected, to accuse Newton of 
proposing occult qualities; that is, Hailer accepted Newton's physics, not just 
his mathematics. 

Hailer could then appreciate and deepen his grasp of 'sGravesande and 
experimental Newtonianism.258 From this point forward, Roe is correct that 
"Hailer consciously sought to emulate the Newtonian program in his scien
tific work.''259 He took up an "experimentalist empiricism" and a "nonre
ductionist mechanism.'' Steinke opts for "non-reductive mechanism" over 
"Newtonian physiology.''260 While he sees much that would make a New
tonian association justified in terms of Hailer's methodology-"its experi
mental approach, its search for natural laws instead of hidden qualities, 
and its refusal of unfounded hypotheses" -Steinke suggests that Hailer had 
a different sense for the ontology of force from Newton. As Steinke un
derstands the argument from P. M. Heimann and J. E. McGuire, Newton's 
"forces were mathematical powers with an ontological nature of their own. 
They had no material existence and were more closely linked to the space 
in which they operate.''261 Steinke clainls that Haller "transformed Newton's 
concept.'' He believed that forces were "properties of a substance" and that 
"matter was not passive but active.''262 Thus, forces were part of the physical 
world, not some immaterial intervention, though they were ultimately un
knowable in any causal-ontological sense, because they were not directly ac
cessible via experiment. Humans could discover only empirical regularities 
of the "outward appearances of nature; the 'inner nature; the ultimate laws, 
structures and purposes were known only to God.''263 Still, even Steinke 
recognizes: "The way of thought of the age was ruled by Newtonianism. 
This had its impact, too, in Hailer's treatise.''264 
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Haller never developed a "comprehensive medical system with irrita
bility and sensibility as its cornerstones," Steinke observes.265 He "advo

cated the esprit systematique, the building of theories based on experience, 
but he refused the esprit de systeme, which was solely nourished by conjec
tures."266 The distinction of esprit systematique from esprit de systeme, first 

articulated by Etienne Bonnot de Condillac (1714-80), was made famous 

by Jean Le Rond d'Alembert (1717-83) in his Preliminary Discourse to the 
Encyclopedie (1751). As Lester King puts it, "Haller acted as if he were put
ting into practice the doctrines that Condillac described and advocated.''267 

"Haller represented an enlightened empiricism.''268 His "critique of the 
metaphysical foundation of science is radical;' Simone De Angelis argues 
compellingly.269 He was therefore obliged to work out a philosophical and 

methodological alternative. Its core was experimental Newtonianism, "ac
cording to which concepts are inferred on the basis of the sensible percep
tion of physical phenomena and constructed in the understanding.''270 This 
conception "makes [man's] capacities for knowledge altogether dependent 
upon the anatomical structure of the brain and the psychophysiology of 
sense perception.''271 

Of course, this raised questions of the adequacy of knowledge: its "war
rant [Evidenz]" or "certainty.'' According to De Angelis, it was 'sGravesande 
who provided Hailer with the proper response: 'sGravesande "in his 1736 
logic of the empirical sciences formulated a probability and hypothesis 
theory based on analytical methods derived from Newton that Hailer 
adopted and applied as the methodological vehicle in his physiology.''272 
De Angelis, drawing on the prior work of Giambattista Gori, further claims 
that 'sGravesande's own "constitution of a concept of warrant [Evidenzhe
g;ri.ffs] for the domain of the empirical-experimental sciences developed in 
the frame of a juridical and natural-law context" drawn from Pufendorf 
and Cumberland, who had themselves evoked the seventeenth-century 
neurophysiology of figures like Lower and Willis to explain knowledge in 
terms of human physiology. 273 De Angelis believes there is good evidence of 
Hailer's grasp of this natural-law literature.274 Moreover, she contends that 
Hailer kept pace with an "anthropological" transition around the middle of 
the eighteenth century, which moved beyond the sensualist epistemology 
of Locke, Hume, and Condillac to a much more aggressive focus on "the 
examination of the material substrate of sense-physiological processes of 
knowledge" as worked up "at the intersection of medicine, psychology, and 
theory of knowledge.''27s 

The core feature of a "middle position" between dogmatic rationalism 
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and radical skepticism, for Hailer, was commitment to physicotheology: em
bracing both the evidence of nature in confirming the presence of a provi
dential divinity and the converse "guarantee" that such a providential di
vinity provided for human inquiry into the order of nature.276 This, De 
Angelis argues, was already the case with 'sGravesande.277 "It is decisive that 
'sGravesande supplements [Hume] with a deistic underpinning.''278 This 
confidence in God's purpose in the world was the ground for "moral cer
tainty," the central epistemological posit of 'sGravesande's scientific method, 
which lent force and promise to the pursuit of knowledge even in the con
text of human limitations.279 So, too, "the certainty of knowledge required 
for Hailer a supplemental theological foundation."280 

H A L L E R  A N D  T H E  G E R M A N  G E L E H R '1E NS '1A ND 

More than an experimental physiologist, Hailer played a momentous role 
in the wider German academic world, the Gelehrtenstand, as a "universal 
scholar'' whom everyone had to recognize.281 He set the standard for aca
demic achievement and general learning-hence Johann Gottfried Herder's 
striking phrase: Hailer carried "an alp of learning [Alpenlast der Gelehrsam
keit]" on his shoulders.282 After Hailer's death, Johann Friedrich Blumen
bach commented: "I think it says a lot-but, as I see it, not too much
when I maintain that Hailer was the greatest among all recently deceased 
scholars who have been working in Europe since Leibniz's death. He was 
the greatest scholar as concerns variety as well as quantity and depth of his 
knowledge.''283 

Stephen D'Irsay has argued that Hailer should be understood as the 
paradigm of the pious German Leibnizian metaphysician, in contrast with 
Voltaire as the paradigm of secular French mechanism.284 Hailer was pi
ous, and he worked in Germany (for a time); he was indeed very impor
tant for German Enlightenment self-conception. Yet D'Irsay is wrong. To be 
sure, Hailer came to see Voltaire as his essential foe, but not because Hailer 
saw himself as a German or a fortiori as a Leibnizian. It was not the mecha
nism but the irreligion of the French esprits forts that occasioned Hailer's 
lifelong antagonism. Voltaire epitomized for Hailer French Freigeisterei. The 
essential chord here is religious and even, I would like to suggest, more 
Swiss than German.285 We must insist with Richard Toellner that "Hailer 
was remarkably circumspect about Leibniz;' and it is clear that "Leibniz 
was and remained alien to Hailer. Never did Leibniz gain any influence 
over Hailer's thought.''286 Concretely, Toellner makes clear that "Hailer did 
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not come to grips with German rationalism until Gottingen at mid-century, 
after he had already established his world-view!' In fact, "on the basis of ex
perimental science he rejected rationalism in the form of the Leibniz-Wolff 
metaphysics."287 

Hailer's early poem on the origins of evil, composed in 1734, drew upon 
the only book Leibniz published in his lifetime, the famous '1heodicy (1710 ), 
but, as Karl Guthke has shown, Hailer's annotations upon reading the 
'f.'heodicy were hardly uncritical.288 Leibniz was certainly not unfamiliar 
to Hailer, and as a student of Bernoulli, Leibniz's key ally, he would have 
clearly learned of his importance.289 Yet equally clearly, Hailer did not ap
preciate Leibniz as of the same stature with Newton -or even Bernoulli! 290 

The issue was crucial to Hailer's sense of scientific identity: "Nature did not 
intend us to be universal. Our life is too short, our mental powers are too 
limited, our memory is too unreliable."291 Leibniz seemed too universal for 
Hailer, never plunging deeply enough into any one field.292 Whether this is 
ll fair assessment one can certainly contest, but that it was an important ver
dict for Hailer is nonetheless unequivocal. 

Roe agrees with Toellner: "Hailer's intellectual home was in fact not Ger
many but the early Enlightenment of the Netherlands!'293 The best evidence 
we have of Hailer's considered judgment of German school philosophy 
came in an extended review he published in the Bibliotheque raisonnie (1746) 
of the work of his closest friend on the Gottingen faculty, the philosopher 
Samuel Christian Hollmann (1696-1787).294 Hollmann was an outspoken 
critic of Wolffian rationalism, and Hailer supported his view with vigor.295 
ln his review, Hailer wrote of a "Germany . . .  where, led by Christian Wolff, 
philosophers have taken a step backward."296 Wolff, like Descartes a cen
tury before, believed in the primacy of pure reason. For Hailer, this was to 
indulge in philosophical romances.297 In the preface to the first volume of 
the German translation of Buffon (1750), Hailer resorted to brutal sarcasm 
in characterizing the undertakings of such rationalism: 

Almost a hundred years have elapsed in Europe since the explanation of 

natural events, and the construction of arbitrary systems, became the esteemed 

priorities of great scholars. Accordingly, once Rene Descartes put forth the 

organization and construction of the world by means of mechanism, and had 

taken the liberty to give whatever figure and motions to the smallest parts of 

matter he needed for his explanations, all of Europe regarded this construc

tive power as an inalienable privilege of natural philosophy. Worlds were con

structed, elements, vortices and screw-like particles were created, and it was 

believed that this generally was the best thing to do, when the actual events 
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in Nature allowed themselves to b e  explained only in part through the alleged 

constructs which had appeared.298 

In his address to the Gottingen Royal Academy of Sciences in 1751 as well, 
Hailer made clear his allegiance to Francis Bacon and empirical inquiry as 
against Descartes and the rationalist project.299 The contempt for Descartes 
extended as well to Leibniz and to Wolff.30° For Hailer, as for Leonhard 
Euler, whose views he knew and admired, "Leibniz and Wolff resolve the 
problems of motion not within the frame of a natural-scientific inquiry" but 
metaphysically.301 Hailer found their idealism (in the technical sense) irrec
oncilable with empirical inquiry.3o2 

All this is crucial for what shaped the course of emergent life science in 
Germany. We are now in a position to assess Hailer's impact on emergent 
German life science: precisely because by training and disposition Hailer 
was not steeped in what some historians of science insist upon viewing as 
injurious German "metaphysical" impulses. His role in German eighteenth
century thought can help illuminate and delimit the actual character of life 
science in Germany (and rescue it from its significantly erroneous later 
reputation). If Hailer proved seminal for that emergence, we must think of 
it in terms other than Schulphilosophie. 

Yet for Hailer personally this raises another crucial question: if it was 
not German metaphysics that animated his vitriolic attacks on freethinking, 
whence did that furor arise? The answer is to be found rather in the distinc
tive Protestantism that Hailer carried with him lifelong from his origins 
in Bern, but which found its most aggressive expression after he returned 
home from a stint at Gottingen that proved monumental for the German 
Enlightenment and for German life science. 
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Albrecht von Hailer as Arbiter 
of German Medicine : 

Gottingen and Bern (1736 -1777) 

Whatever his theoretical self-conception by 1730, Hailer had yet to begin 
building his own scientific career. His Basel teaching and research in anat
omy and physiology were based on Newtonian science, and he knew that 
he would pursue that path. It remained only for him to establish where and 
how he was going to do it. In the eighteenth century there was no place for a 
researcher interested in comparative animal physiology except in a medical 
faculty. That was why in 1736 he decided actively to pursue a position at 
the new university in Gottingen (Georgia Augusta University), but only after 
and because he had failed to establish a position for himself in his home
town of Bern. 

After Hailer returned to Bern from Basel in the summer of 1729, he ex
perienced continual difficulties establishing himself professionally over the 
better part of seven years (1729-36).1 As Lester King puts it tersely, in these 
Bern years Hailer "did not receive much recognition!'2 He did give anatomy 
demonstrations and sought to open an anatomy theater, but he received 
little support. During 1731, Hailer conducted numerous dissections on dogs, 
cats, and rabbits, especially delving into the physiology of the diaphragm.3 
He also did some microscopic work in botany, though not in zoology. His 
first outside recognition came in a letter (December 9, 1730) from a Leiden 
classmate, Georg Nikolaus Stock (1701-53), a contributing writer for the Nu
remberg Commercium Litterarium ad Rei Medicae et Scientiae Natura/is Incre
mentum Institutae (1730-45), inviting him to submit material.4 Starting in 
1731, Hailer there began publishing short notices of his botanical discov
eries in the Swiss highlands.5 In November 1733 Hailer wrote to the man-
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aging editor of the Commercium, Christoph Jakob Trew (1695-1769), seek
ing regular publication of his botanical research in the journal, and Trew 
accepted a series of submissions (sixteen of Hailer's nineteen publications 
before he went to Gottingen appeared in this journal).6 These proved very 
strategic for the advancement of Hailer's career. 

During the autumn and winter of 1732, Hailer wrote up his anatomical 
findings, and in 1733 he published his study De Musculis Diaphragmatis . . .  
(Bern, 1733), "the first independent anatomical work by Haller.''7 Ostensi
bly on this basis, in December 1733 Hailer was named to the Academy of 
Sciences at Uppsala. Why would the academy in Uppsala take any notice of 
a minor anatomical essay published in Bern, Switzerland? The probable an
swer is that Johannes GeBner was already corresponding with Linnaeus and 
had informed him of his collaborative work with Hailer on Swiss botany, a 
few indications of which were appearing in the Commercium. Linnaeus was 
always keen on creating a network promoting botany. 8 That may be why 
Uppsala recognized Hailer before any other place in Europe did, including 
his own Bern. In 1734, perhaps because of the publication and Uppsala's 
recognition, he finally received authorization from the Bern authorities for 
an anatomical theater, but it became operational only in 1735.9 

T H E  E S T A B L I S H M E N T  O F  T H E  

U N I V E R S I T Y  O F  G O T T I N G E N  

Gottingen proved the perfect locus for Hailer to realize his ambitions. To 
understand that, we need to recall the goals behind founding the new uni
versity in 1734. Its key architect and curator for the balance of his life was 
the eminent privy councillor in Hanover, Gerlach Adolf von Miinchhau
sen (1688-1770). His vision of the new university was that it should "lead 
neither to atheism nor to naturalism . . .  nor introduce enthusiasm or any 
evangelical papacy.''10 Miinchhausen and his colleagues had the example 
of the recently established University of Halle constantly before them. With 
its founding in 1694, it had revolutionized university life in the Germanies, 
but it had also fallen into difficulties that were obvious by 1730. After Chris
tian Wolff's expulsion from Halle in 1723 because of Pietist allegations of 
his atheism, Halle became notorious for nasty squabbles and dogmatic en
trenchment. It was this, above all, that the founders at Gottingen wanted 
to avoid. Miinchhausen saw to it that the university faculty had no right 
to make appointments; the state administration took control, thus protect
ing Gottingen from the outset against the "scholarly guild mentality and 
academic nepotism [gelehrtem Zunftdenken und akademischen Nepotismus]" 
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characteristic of other German universities.U He further arranged that the 
. itheological faculty would have no oversight of the other university faculties. 
· 'Because "the theological faculty from the very beginning had no recognized 

right of censure," Rudolf Vierhaus has noted, the founding of the Univer
sity of Gottingen "brought to an end the epoch of confessional control over 
llniversities.'n2 

While he was suspicious of the sectarian fanaticism of the Halle Pietists, 
· Miinchhausen was equally concerned about Wolff. The latter had emerged 
as an obvious candidate for a position at the new university in Gottin
gen. The question was thoroughly discussed, including all the allegations 
against Wolff-that he " 'might be a naturaliste or even a Socinian,' . . .  [per
haps] an atheist of the Spinozist sort.''13 After hearing all sides, Miinchhau
sen decided not to recruit Wolff, though he insisted that his ideas should 
be taught among others at Gottingen.14 At the same time, Miinchhausen 
sought "an orthodox-Luthera:n but highly irenic theological faculty and 
one that played a relatively quiet, unassuming role within the university.''15 
He had a strong preference for religious moderates, disapproving of any
one "of a sharply etched intellectual profile.'n6 The emphasis should be on 
hard work, teaching excellence, and the avoidance of disputes. Miinchhau
sen was guided in this by the eminent theologian at nearby Helmstedt, Jo
hann Lorenz von Mosheim (1694-1755),17 In persuading Miinchhausen to 
restrict the theology faculty's authority in the university, Mosheim was sec
onded by another key adviser, the Hanover royal physician Paul Gottlieb 
Werlhof (1699-1767).18 

Of even more direct relevance, Werlhof set the program for the forma
tion of the Gottingen medical school.19 He argued that a good medical 
school had to offer training in five areas: anatomy, botany, chemistry, theoria 
medica, and practice.20 He advised Miinchhausen to recruit medical faculty 
embracing the Boerhaave tradition: "Without all sectarianism, with suffi
cient physical and mathematical science, [students] might be sent forth into 
the world by their professors with a more plausible nexus ratiociniorum de 
rebus medicis [rational organization of things medical] . In that manner Mr. 
Boerhaave in Leiden has generated quite a demand, as have Mr. Hoffmann 
and his opponent Mr. Stahl at Halle, in a lesser measure. If antiqua eruditio 
medica [knowledge of the classics of medicine] is also present, as in the case 
of Mr. Boerhaave, so much the better. That is rare, however.''21 Another key 
adviser regarding the medical school, a Dr. Textor from Karlsruhe, stressed 
the importance of observation and experience; Halle had made only a mod
est beginning in that direction, and Gottingen could do more.22 

Hailer's appointment at Gottingen has gained an element of legend in 



74 C H A P T E R  T H R E E  

retrospect that the actuality simply will not confirm.23 Though he turned 
out to be epoch-making both in his field and for the university, he was 
hardly an established eminence in medicine when the new university be
gan to construct its faculty. In fact, Hailer was most famous as a poet, not 
a credential that would be conducive to a medical school appointment. He 
was no obvious candidate in 1736. Hintzsche has this just right: "Hailer's 
actively solicited appointment as professor of anatomy, surgery, and botany 
presumed some achievements, but these were also hardly so grand as to 
make this call something automatic!'24 The first call to the chair of anatomy, 
surgery, and botany at Gottingen went to Johann Wilhelm Albrecht (1703-
36)/5 but he died suddenly on January 17, 1736, after only a year at the 
medical school. Meanwhile, other appointments were made to the medical 
faculty. Georg Gottlob Richter (1694 -1778), a student of Boerhaave's, arrived 
in 1735 to teach courses in practical medicine, and he was established as 
the official leader of the medical faculty.26 A major effort was undertaken 
to recruit the eminent iatromechanist/iatromathematician Georg Erhard 
Hamberger (1697-1755) from Jena.27 He eventually declined but offered in 
his stead his student, Johann Andreas Segner (1704-77), who came to Got
tingen in 1735, taking up the teaching primarily of mathematics, physics, 
and chemistry.28 With Albrecht's sudden death, Segner took over most of 
his ongoing courses, but the need for a replacement was dire.29 An offer 
was prompdy made to the Tiibingen anatomist Burchard David Mauchart 
(1696-1751), but he declined. 

That finally opened the path for Albrecht Hailer. He applied for the chair 
in correspondence with August Johann von Hugo (1686-1760), royal phy
sician in Hanover, who served as adviser to Miinchhausen concerning the 
medical faculty at Gottingen. Earlier, in February 1732, based on reading 
Hailer's first botanical articles in the Commercium, Hugo had made con
tact and invited Hailer to exchange botanical resources, and this they did 
over 1732-33. In January 1736 Hugo let Hailer know that the position in 
medicine at Gottingen had again come open, and Hailer then asked for his 
support in securing the appointment.30 Hugo actively oversaw the nego
tiations.31 Like his close associate Werlhof, he was committed to recruiting 
Boerhaavians for Gottingen, and Hailer fit the bill. 

The position, as with its first holder, encompassed the three fields of 
anatomy, surgery, and botany. It is striking that, eager as Hailer was for 
the position, he nonetheless posed firm demands for the infrastructure of 
the new medical faculty. Clearly having in mind the resources that had 
made his own training in Leiden so effective, he demanded the creation 
of a botanical garden and an anatomical theater, and he succeeded in get-
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ting commitments for both of these.32 He made no similar demands regard
ing clinical-training facilities; it is clear his concerns were for research re

, sources at Gottingen. 
It did not take Hailer long to get what he demanded for the medical 

school, because Miinchhausen's faith in Hailer quickly became entrenched. 
Hailer "vastly exceeded the expectations that Miinchhausen, the father and 
spiritus rector of the new university, had placed in the young Boerhaave
student.''33 Hailer fit Miinchhausen's ambitions for Gottingen perfecdy, and 
the curator made every effort to accommodate him. "[Hailer's] personal sat
isfaction in Gottingen was a high priority for Miinchhausen. He was always 
highlighting [Hailer's] accomplishments on behalf of the university, and 
he attempted, by expressions of concern and particular accommodations, 
to fend off the repeatedly threatened departure of [Hailer] (1747-53).''34 
When, nonetheless, Hailer eventually departed, Miinchhausen termed him 
"irreplaceable.''35 

Hailer was never happy at Gottingen, however monumentally productive 
he proved there.36 In fact, over the years Hailer quarreled with most of the 
Gottingen faculty, including all his medical school colleagues.37 His student 
Johann Georg Zimmermann (1728-95) made the following notation in his 
private journal: "The enemies of Mr. Hailer have everywhere been of a very 
great number.''38 Indeed, his authorized biography (1755) made no secret 
of Hailer's many conflicts, and this displeased his mentor.39 Hailer suffered 
not only professional rivalries but continual personal tribulations, begin
ning with the death of his first wife as the result of an accident on the day 
of their arrival in Gottingen. Remarriage brought its own tragedies. Hailer's 
diaries reflected his personal Angst, full of psychological and religious storm 
and stress, of which there will be more to say later. 40 

Within a few years of his appointment, "Gottingen, thanks to Hailer, be
came the foremost center for medical education in Germany," eclipsing not 
only Halle but even Leiden in its reputation and recruitment.41 Indeed, "the 
medical faculty at Gottingen without question deserves to be considered the 
premier and most outstanding such faculty in Germany in the eighteenth 
century;' Julius Pagel argues, since "at no other university were the natural
scientific disciplines that bore on medicine taught with greater complete
ness and thoroughness[,] . . .  not merely as supportive disciplines . . .  but . . .  
as independent sciences.''42 Ulrich Trohler makes the same point: "for 
the first time at 

'
a university medicine and practical-experimental natural 

science were institutionally united."43 The crucial relation between what 
in the German eighteenth century was called, generically, Naturlehre and 
the more specifically medical fields like pathology and clinical medicine 
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achieved great clarity in the Gottingen medical faculty, thanks to the spe

cialization of faculty. Segner, for example, concentrated primarily on math 

and physics. 44 Richter taught practical medicine. 45 Hailer worked to create 
rigorous discipline in the intermediate fields-botany, anatomy, and phys

iology. They all affirmed the appropriateness of animal study for human 

medicine. 46 That would be central to Hailer's new experimental physiology. 
Botany, to be sure, was also important: how could it not be in the age of 
Linnaeus ?47 Notably, Hailer's inaugural lecture at Gottingen dealt with how 

to study botany (without academic supervision!).48 He was also adamant 
about creating a substantial botanical garden for the new Gottingen medical 
school. And his first major scientific publication at Gottingen was in botany, 

not anatomy.49 But as he explained to Linnaeus himself in correspondence 
from the mid-174os, he elected to turn away from botany to anatomy and 

physiology. 5° This self-conscious specialization (of one of the "last universal 

scholars of the West") is decisive.H 
That Hailer was an awesome scholarly presence is unquestionable. But 

how was he as a teacher? "Hailer's fame attracted many students, but his 
teaching seems not to have been suited for beginners . . . .  He rather ne
glected the younger and more idle students, but took all the more care of 
the advanced and promising among his pupils!'52 Richard Toellner reports 

that "Hailer's lectures were dry and went completely over the heads of be

ginners, as is revealed in the reports of his students [in] Von und uber Al
brecht von Hailer !'53 In his Ceremonial Lecture for the Gottingen Academy, 
"the way Hailer talked about teaching duties makes evident that he had 
grown sour about this, on account of how much time he had to spend on 

it; also, in terms of oral presentations, he wasn't an accomplished or inspir

ing teacher." 54 In fact, Hailer conformed much more effectively to the model 

of the graduate laboratory director of today. He described his own practice 
quite clearly: 

As I saw many diligent young people pass through the new academy on their 

way to achieving the highest honors at the Georgia Augusta, I came to advise 

the more ambitious among them, each in accord with his talent, to dedicate 

themselves to a difficult topic in anatomy or a physiological issue, and to work 

on that project over two winters [academic years]. There were enough speci

mens; I provided support as much as I could for the efforts of these young 

people and conducted most of the certainly unbelievably large number of ex

periments on various animals myself. Thus, since simultaneously many stu

dents exerted intense efforts upon single parts of the noble craft, more could be 

undertaken than I could have set in motion by myself with the most strenuous 

endeavor.55 
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er produced approximately thirty-eight dissertation students. 56 They 
. centrated primarily on anatomical research, and eight specialized in 
· al vivisection. 57 

, The three most famous were Johann Friedrich Meckel (1724-74), Jo
Gottfried Zinn (1727-59), and Zimmermann. Meckel earned his MD 

1748, then joined the Berlin Collegium Medico-Chirugicum around 1750, 
oming Hailer's key informant on happenings at the Berlin Academy 

the court of Frederick II, especially concerning the French in Berlin: 
Mettrie, Maupertuis, and Voltaire.58 Zinn earned his MD in 1749, spe

dalizing in the physiology of the sense organs, especially the eye. He went 
to Berlin upon graduation but returned to Gottingen after 17 53, to replace 
':lialler. It was an unhappy arrangement, for he felt oppressed by others on 

dte medical faculty, who may have taken out their resentment of Hailer on 
his prize student. 59 Zimmermann earned his MD in 1751 with a dissertation, 
�On Irritability" (1751), widely taken to express Hailer's own views though 
there were in fact significant differences. He went on to a successful career 
as a practicing physician, Stadtarzt, and eventually royal physician in Han
over, replacing Werlhof. 60 He was also a well-known author, among whose 
achievements was the authorized biography of Hailer in 1755· 

Beyond his own immediate teaching, Hailer was inextricably connected 
With two institutional innovations that consolidated the prominence of the 
Georgia Augusta University at Gottingen. The first was a new and influential 
scholarly journal, the Gottingische Zeitung der gelehrten Sachen, better known 
under its revised tide Gottingische Gelehrten Anzeigen (GGA). Established in 
the mid-174os, it took off when Hailer became its managing editor in 1747. 
Not only did he direct the journal (1747-53), but he also wrote a great deal 
of its material. The estimate is that over the years 17 4 7-77, Hailer published 
no fewer that nine thousand reviews in the GGA!61 He wrote on the natural 
sciences, of course, but he also commented on literature, politics, religion, 
and history-in short, he set his stamp on the whole intellectual universe 
of Enlightenment Germany. Since a primary goal of the journal was to in
troduce to Germany the most important achievements of the broader Euro
pean Enlightenment, Hailer's journal and his own reviews represented one 
of the most authoritative and complete accounts of the intellectual world of 
the mid- to late eighteenth century. 62 This made Gottingen one of the key 
centers of the German Enlightenment and Hailer one of its decisive arbi
ters. Above all, the GGA gave the world Hailer's take on everything. 

Perhaps even more important for Gottingen was the second institutional 
innovation: the Royal Society of Sciences at Gottingen. Already as he was 
creating the new university, Miinchhausen had the idea of establishing a re-
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search academy to bolster the reputation of the scholars at Gottingen, but it 
did not immediately come to fruition. In the late 1740s, as the university's 
success became clear, the idea was revived. Miinchhausen sought Hailer's 
views, and Hailer was blunt: he would participate only in an academy 
that he designed and directed. Miinchhausen thereupon turned the whole 
thing over to Hailer. The latter knew exactly what he wanted, and he set 
the terms for the new academy. First, he wanted the academy to be royally 
sponsored, on the model of the Paris Academy. Second, the sitting members 
of the academy should be drawn from the faculty of the Georgia Augusta, 
and each would be expected every year to contribute a short paper report
ing on new research. Hailer wanted these contributions to the academy to 
be separately rewarded. Academy honoraria should supplement established 
faculty salaries. Finally, he wanted a direct relation between research in the 
academy and teaching at the university. This was a distinct departure from 
the relatively clear division of labor established in eighteenth-century Ger
many between academies, which were research institutes, and universities, 
in which teaching was a sufficient end in itself. 63 

The combination of these two features, making research integral to uni
versity faculty endeavors, was the most important innovation in German 
higher education, canonized in Wilhelm von Humboldt's University of Ber
lin in 1810. Gottingen, where Humboldt himself studied, provided a model 
for that new idea of university education. Hailer, in that measure, seems a 
crucial predecessor of Humboldt. On the other hand, Humboldt's university 
vision was preeminently humanist, and Hailer's academy was clearly not. 
In his memo to Miinchhausen, Hailer famously observed: "The taste of the 
world is not at all disposed toward languages, toward philology, but solely 
toward mathematics and physics."64 He made no place for the humanities 
in his academy, because he did not believe they were in a position to achieve 
new knowledge. That was the distinct precinct of the natural sciences. It 
was also his view that specialization was absolutely essential for the ad
vancement of scientific knowledge, and therefore, he wanted a program for 
the academy that would allow-indeed,.force-scholars to work up manage
ably narrow research problems for presentation at the academy. The key 
was that new knowledge be presented. Hailer recognized the importance 
of mastering what was already known, but organizing and recounting that 
was the role he assigned to teaching. Advancement of learning came with 
new-for Hailer primarily with experimental-research. "For it is readily ap
parent how far removed a paper read before the Paris Academy of Sciences 
is from the lecture in a professor's classroom."65 As perpetual president of 
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, <the new Gottingen Academy, starting in 17 51, Hall er autocratically enforced 
:�:l:ds vision. 66 

, ',, The academy "was expressly intended by its founders to enhance the 
[' quality and reputation of the university!'67 And it did become a presence, at
���ting to the power of Haller's achievement and the execution of his vision. 
,; ,,it helped make Gottingen the most important university in Germany and a 

,jfuremost center for the advancement of the Enlightenment. Already by 1764 
' 'the prominent Hanoverian statesman Georg Brandes could observe that the 
bdemy "had provided the university the greatest acclaim and given it an 
'advantage over all its sister universities."68 That was a testimony to Haller's 
monumental impact. The academy became his vehicle for influencing the 

, German and wider European scholarly world. Even after he departed Got
tingen in 1753, he exerted control in absentia via the academy secretary, Jo
hann David Michaelis (1717-91). But the academy would languish without 
him. His own Dissertation on the' Sensible and Irritable Parts of Animals, pub
lished in 1753, was the high point of its scientific contribution for several 
decades, and only in the 1770s would a different agenda breathe new life 
into the academy. 

Not surprisingly, as Haller became the dominant figure at the university, 
he began to receive solicitations from others in the field, seeking positions 
at Gottingen itself or elsewhere through Haller's patronage.Johann Gottlob 
Kriiger wrote to him from Halle starting in 17 4 7 seeking support for a call to 

' Gottingen or Helmstedt, as it became clear to him that he could not advance 
at Halle itself. 69 He eventually moved to Helmstedt in 1751, and in his later 
works he declared himself, not least out of personal gratitude, an enthusi
astic supporter of Hailer's theories. 70 Even after he left Gottingen, Hall er re
ceived such requests-for example, from Johann Heinrich Lambert (1725-
77), who wrote to Haller in 1758 seeking an appointment in the philosophy 
department at Gottingen. 71 Hall er supported his case from Switzerland, but 
to no avail. Lambert then continued his career first at the Bavarian Academy 
of Science (1760-62) and then at the Royal Prussian Academy of Sciences 
(1765-77), becoming the philosopher Immanuel Kant admired most in all 
Germany.72 

H A L L E R ' S  R I S E  T O  E U R O P E A N  

P R O M I N E N C E  I N  P H Y S I O L O G Y 

Haller's first great physiological intervention was his critical edition of 
Boerhaave's lectures: Praelectiones Academicae in Proprias Institutiones Rei Me-
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dicae (7 vols., 1739-44): "Hailer's edition includes two sets of notes, one ex
plaining Boerhaave's doctrines and one containing Hailer's own amplifying 
and critical remarks.''73 According to Erna Lesky, Haller used this edition 
as a path to his own mastery.74 Hubert Steinke makes the same point: "the 
detailed assessment of Boerhaave's statements was a means of distancing 
himself from his teacher.''75 Haller's explicit criticisms drew the outraged 
protest of a Dutch scholar named Noortwyck. Provoked, Hailer replied to 
Noortwyck that Boerhaave's physiological theories frequently lacked ana
tomical foundation, and he revealed "no less than twenty-one anatomical 
errors in the first third of Boerhaave's Institutiones Medicae (1734) alone."76 
Progress in science, he clearly believed, overrode the constraints of mis
conceived politeness or uncritical deference to the authority of Boerhaave. 
Hailer believed he could venerate Boerhaave without losing his own inde
pendence. In this he was, I suspect, in step with many of Boerhaave's Dutch 
disciples, and in a sense he was carrying forward publicly an agenda that he 
had witnessed in Albinus's "private course" in Leiden already in 1725.77 In
deed, the question arises how much of his entire project vis-a-vis Boerhaave 
was in emulation of Albinus and grounded, as with the latter, in a better 
physiological sense derived from richer anatomical research. 

Hailer was an irascible man, and controversy spanned his entire career.78 
"My fate has determined that- although I always mean the best by other 
scholars and never seek to demean their names, no matter what they think 
of me-nevertheless, I must . . .  virtually year by year witness the appear
ance of bitter diatribes against me.'n9 Actually, as Lesky has aptly observed: 
"Hailer was not only convinced of the correctness and utility of his agonis
tic principles, but he saw it rather as a necessary desideratum of a progres
sive, fruitful and fructifying [program of] research."80 There is no question 
he relished "the honor of being in the right.''81 As he observed, "controversy 
teaches us to select a portion of the field which we will cultivate more as
siduously, and if it is disputed, we fortify it rigorously."82 Each of Haller's 
many controversies teaches us something very important about the prehis
tory of biology. 

Haller's criticisms of Boerhaave landed him in a controversy with Ge
rard van Swieten (1700-1772), fellow student of Boerhaave's and author 
of a commentary on Boerhaave's other great medical work, Aphorisms 
(1742-72).83 Van Swieten published in the Netherlands, where there was 
a legal prohibition against reprinting Boerhaave's lectures, based on the 
latter's protests about pirate reproductions all through Europe. Therefore, 
Van Swieten had to publish a commentary, stressing his own supplements 
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spare remarks. Still, Van Swieten, in the early volumes es-
!"o"-"•.uy, saw fit only to explicate the master's text, never to offer his own 

He took great offense at a comparison with Haller's work, made by an 
aDA>nV'Ill<>Us reviewer (Hailer himself), that asserted that Van Swieten wrote 
a a Catholic (with deference) while Hailer wrote as a Protestant (with in
dependence).84 The controversy, which lasted until 1753, began with an an
gry letter from Haller, dated May 26, 1748, accusing Van Swieten of foment
ing his brother-in-law Noortwyck's nasty review in a Dutch periodical.85 
Van Swieten denied that and tried to avoid a public squabble, but it ensued 
nonetheless. 

An even more formidable dispute over Boerhaave's legacy arose with 
Julien Offray de La Mettrie (1709-51). Worlds different from Hailer, but 
probably Boerhaave's other most famous student, La Mettrie studied 
with Boerhaave in 1733 and became his foremost advocate in the Franco
phone community. Initially, he· translated Boerhaave's Institutes into col
loquial French in two volumes (1740). Then, in six volumes (1743 -48), he 
adapted into French Hailer's critically annotated edition of Boerhaave
"incorporat[ing] much of the content of Haller's notes" but without credit
ing Haller. Thus, Haller certainly had grounds for his charges of plagiarism. 
However, Kathleen Wellman suggests that there was a real difference "in 
both style and substance. La Mettrie did not simply replicate a disjointed 
series of Latin footnotes. Instead he provided a connected commentary 
written in French in a conversational style."86 In any event, the fonnal dif
ferences pale beside the philosophical departures. "Boerhaave, in La Mett
rie's hands, must be acknowledged as a crucial figure in defining objections 
to Cartesian physiology and as a primary source for the interpretation of 
Locke as a materialist and a medical figure."87 That is, La Mettrie turned 
Boerhaave into a materialist. Hailer was outraged and he charged La Mett
rie with a perversion of Boerhaave's ideas. He reviewed La Mettrie's trans
lations savagely in GGA.88 He also reviewed La Mettrie's Histoire naturelle de 
l'ame (1745) in the same vein.89 

La Mettrie retaliated. "The dedication of L'homme machine to Hailer 
was La Mettrie's revenge for this second review."90 He turned the tables 
on the plagiarism charge by publicly acclaiming Haller as his source of in
spiration, but the dedication was also "an exercise in mockingly exagger
ated praise with erotic innuendoes that parody a youthful and well-known 
poem of Haller's."91 This mockery sparked Hailer's outrage anew. His im
mediate review of L'homme machine (December 1747) in the GGA solemnly 
made known the extreme distaste he felt at finding himself linked in any 
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way to the doctrines expressed in the anonymous volume.92 "La Mettrie 
had known perfectly well that his action would undermine the vulnerable 
position of a man who, in the eyes of all Europe, was one of the most re
spected personifications of the fusion of scientific eminence and ortho
dox piety."93 Two years later, still seething, Hailer wrote an open letter to 
the editors of the Journal des savants, March 12, 1749, declaring: "I disavow 
this book as entirely opposed to my views. I regard its dedication as an af
front . . . .  I have never had any connection, acquaintance, correspondence, 
nor friendship with the author of L'Homme machine!'94 But overall, "Haller's 
serious-minded response to La Mettrie's jests caused him to be regarded by 
an amused public, despite his being the morally injured party, as in some 
measure deserving of the ridicule he met with."95 

In terms of the ideas at issue, "Haller . . .  was content to describe L'homme 
machine as an 'epitome of the poem of Lucretius . . .  merely augmented by a 
few observations and discoveries of the modem period."'96 He insisted that 
"everything L'homme machine had said about irritability had been derived 
either from his own publications or from certain experiments performed 
by Bernhard Siegfried Albinus!'97 Even La Mettrie's death did not placate 
Hailer's rage. His Academy Address of 1752 included denunciations of La 
Mettrie, and it compromised fatally the efforts of Maupertuis on behalf of 
Frederick 11 to recruit Haller to the Berlin Academy. In all these contexts, it 
is notable that Haller's religious concerns decisively shaped his academic or 
scientific ones. 

T H E  C O N T R O V E R S Y  W I T H  G E O R G E R H A R D  H A M B E R G E R  

In 17 4 7 Haller published his pathbreaking First Lines of Physiology. That work 
was largely the fruit of Haller's controversy with Georg Erhard Hamberger 
of Jena. A celebrated "iatrophysicist,'' Hamberger believed that medicine 
not only could but should be derived logically from mathematical-physical 
principles. Thus, he "applied his principles of physics to medicine!'98 Ham
berger had a theory about the role of the superior and inferior intracostal 
muscles in respiration based on the angles of motion of the rib cage. Haller 
criticized this in a comment in his Boerhaave edition, setting off a decade
long controversy over the relative merits of mathematical derivation and 
empirical observation in physiology.99 Somewhat later, Haller noted that, in 
order to confirm his position, he "was compelled to carry out new experi
ments and to repeat them often.moo That is, the controversy triggered his 
substantial experimental program in the 1740s, especially involving animal 
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•n•'"""''"v'"• He had conducted animal experiments starting in the 1730s, 
the controversy with Hamberger in the 1740s led him to systematic 

on massive experimental evidence, Haller won the argument 
Hamberger, but even more, he redefined the field of physiology.101 

Lines elaborated the "superiority of experimental physiology over me-
hypotheses," as Haller proclaimed in an article summarizing the 

m1trove1�sv in Nouvelle bibliotheque germanique in 1748.102 Moreover, "the 
n.n1rrnuP1r.:v on respiration shows Hailer's shift between anatomical and 
!I"Y'"u•�u1�n ... tu experimentation."103 First Lines articulated the two key ele-

of Haller's anatomia animata: functionalism and the essential role of 
experimentation.104 Anatomy as the doctrine of the structure of the 

and physiology as the doctrine of its activities represented for him an 
n.ll"-lV�<UILJH:: unity. 

T H E  C L I M A X  O F  H A L L E R ' S  G O T T I N G E N  Y E A R S : D E  

PA R <fiB U S  C O R P O R I S  H UM A N !  S E N S I L I B U S  E <f  I R R I <fA B I L I US 

The most important achievement of Hailer's Gottingen years came at the 
very close, his monumental lecture to the Gottingen Academy, De Partibus 
Corporis Humani Sensilibus et Irritabilius, delivered in April 1752 and pub
lished in 17)3.105 It triggered a seismic shock in European physiology and 
became the point of departure for a new sense of the Fachgebiet. The prob
lem that had preoccupied the mechanistic tradition in medicine from the 
seventeenth century forward was involuntary animal motion, preeminendy 
in the heart.106 Already in the seventeenth century, experiment had indi
cated that the heart would keep beating when cut out of some organisms, 
and that it could be started up beating again by a stimulation even in that 
condition. This militated against theories of any "spiritual" faculty operat
ing throughout the body. More local explanations seemed called for. That, 
and the fact that muscle contraction vasdy exceeded in its manifest force 
the physical stimulus that provoked it, suggested that there was something 
intrinsic at work in these tissues. Thus, Haller's experiments aimed to estab
lish "another motive faculty to be distinguished from elasticity and the vis 
nervosa;' that is, from motion associated with stricdy physical interaction 
(elasticity) and motion consciously induced by nervous stimulation (vis ner
'Oosa) or by "sensibility" in its voluntary, not receptive, capacity.107 In his 
Elementa Physiologiae Corporis Humani he would call it vis insita, but he was 
careful to avoid any claim that it was an essential property. 
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Hailer's methodological starting point clearly reiterated his established 
position: "I am persuaded that the greatest cause of error [in physiology] 
has been that most physicians have made use of few experiments, or none 
at all, but have substituted analogy instead of experiments."108 On the one 
hand, Hailer insisted on a drastic austerity concerning his claim that "I only 
relate facts which I have actually seen!'l09 This claim implied virtual mute
ness regarding theory: "I have never accepted hypothetical speculation and 
I often wonder why 'Haller's system' is cited, for I said simply that those 
parts feel or move, which I have seen feeling or moving . . . .  It could be that 
the experiments contain errors, but there is, however, not even the shadow 
of a hypothesis within the system."110 On the other hand, the academy lec
ture did clearly propose what he himself termed a "system," that is, "a new 
division of the parts of the human body" based on the distinction of the 
properties of irritability and sensibility. m He defined these two properties 
extremely narrowly: "I call that part of the human body irritable, which 
become shorter upon being touched," and "I call that a sensible part of the 
human body, which upon being touched transmits the impression of it to 
the soul; and in brutes, in whom the existence of a soul is not so clear, I 
call those parts sensible, the Irritation of which occasions evident signs of 
pain or disquiet in the animal!'112 His paper to the academy, as he rhetori
cally organized it, aimed simply to report which body parts exhibited which 
property under experimental investigation. "From all these experiments 
collected together it appears, that there is nothing irritable in the animal 
body but the muscular fibre."113 Similarly, "we have seen that the sensible 
parts of the body are the nerves themselves, and those to which they are dis
tributed in the greatest abundance."114 Moreover, those parts of the body 
that were sensible were not irritable, and conversely. 

Beyond this observational claim, Haller was adamant that he meant 
nothing more: "But the theory, why some parts of the human body are en
dowed with these properties, while others are not, I shall not at all meddle 
with. For I am persuaded that the source of both lies concealed beyond 
the reach of the knife and the microscope, beyond which I do not chuse 
[sic] to hazard many conjectures:•m Irritability was "a physical cause, hid
den in the intimate fabric, and discovered through experiments, which are 
evidence enough for demonstrating its existence."116 Haller was a skeptic 
about ultimate causes. He permitted himself to draw an analogy between 
irritability and gravitational attraction in Newtonian physics, and he made 
the argument that an inference from the macroscopic observation to the 
microscopic level of causation was allowable as analogical conjecture. That 
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[iis, "experiments have taught us the existence of this property [i.e., irritabil
�£ity], and doubtless it is owing to a physical cause which depends upon the 
��gement of the ultimate particles, though the experiments that we can 
� make are too gross to investigate them."117 The exact ontology did not con
�•"eern him; Hailer "never presented a precise analysis of the relation between 
flliOrce and matter. What was important to him was the disclosure that a 
f�ce-call it corporeal or physical-was acting in the fibre and that there 
��was no need to suppose another force-physical or immaterial- acting 
l�from outside upon the fibre."118 Thus, Hailer was willing to conjecture that 
;�''there might be some ultimate connection between irritability and "gluten;' 
�'but he would not press that further.119 Still, this conjecture indicated that 
�:'Hailer favored the "hypothesis" that irritability might be associated with the 
.f 'fundamental chemical form of organic matter, which was called "gluten" in 
�- the eighteenth century.l2° However, gluten was a component of all organic 
fDbers, and Hailer proposed to identify irritability strictly with muscle fibers. 
t'··His recourse, in modern parlance, was to consider irritability an emergent 
�· property of a higher level of tissue complexity. 

As Steinke aptly phrases it: "the essential mark of his physiology con
in identifying specific structures and their specific functions."121 

Hailer insisted that "only experiments can enable us to define what parts . . .  
· · are sensible or irritable," and that his results could be refuted only by con
. tradictory experimental results. He was entirely certain "no such experi
. •ments can be produced; nature is too constant.m22 Haller announced at 

the very outset that he had performed experiments on 190 animals in the 
last year alone, constantly replicating his experiments to discount any ec
centricity of a particular case.123 One distortion in the experimental pro
cedure that Hailer explicitly acknowledged and discounted was the action 
of powerful chemical reagents: "this corrosive force has nothing in com
mon with life."124 On the other hand, in his address, Haller did not pro
vide a wealth of detail about the experimental regimen of his work. To be 
sure, protocols of many of the experiments were maintained, yet even these 

·proved indeterminate at critical junctures, especially for those not actually 
· present at the experiment. Considering some of his technical discussions, 

elaborate preparation was sometimes required in order to enable the de
finitive "observation" for which an experiment was intended.125 Subsequent 
controversy would reflect this indeterminacy of experimental regimen, as 
problems of replication and the resulting variability of experimental out
comes plagued the debate. 

The timing of Hailer's definitive determination of the irritability thesis 
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is important. "In 1750, Hailer was not one step closer to his later ideas than 
he was in 1740!n26 But in November 1750 he embarked on "systematic ex
perimentation" with one goal: to isolate irritability within specific tissues 
of the organism. Hailer kept at it relentlessly, with the collaboration of his 
graduate students, particularly Zimmermann, until the end of 1751.127 One 
possible stimulus for this new precision and renewed intensity of appli
cation may have been correspondence with Paul Werlhof, who expressed 
concern about the scope and intent of the research program.128 Another po
tential source of the redoubled effort may well have been competitive publi
cations and reports about progress on "irritability" by colleagues in Leiden 
in the post-Boerhaave era: such figures as Johannes de Gorter (1689-1762), 
Hieronymus David Gaub (1705-80), Frederik Winter (1712-60), and Abra
ham Kaau Boerhaave (1715-58).129 

While it was irritability Haller wished to grasp, his experiments began 
with something he conceptualized more clearly: sensibility. "Haller had 
always considered sensibility as the conscious reception of impressions 
transmitted through the nerves!'I30 Because that seemed so self-evident, 
"nerves and sensibility did not occupy any considerable position in his re
search agenda before 1750."131 Haller's assumption regarding sensibility 
may have misled his graduate student Zimmermann, whose dissertation 
tended to blur the differences between sensibility and irritability, leading 
to inferences strikingly out of keeping with the view Hailer himself articu
lated a year after Zimmermann's dissertation appeared.132 Zimmermann 
took his dissertation to Paris and to the Netherlands to present his findings 
to leading scholars in both communities and make a name for himself, but 
as was the wont of such texts in that day, many assumed that the disserta
tion had been written by Hailer himself. Meanwhile, a review of the disser
tation appeared in GGA (by Hailer) in 1752, alerting the German community 
to the key ideas. Thus, all three research communities learned of Haller's 
investigations of irritability before he even gave his Gottingen Academy Ad
dress, much less circulated his published text. That only made the discrep
ancies between Zimmermann and Haller a constant sore point in the en
suing controversy. In his address, Haller went to some lengths to distance 
himself from his own student's views-not only on experimental details but 
much more importantly on their theoretical implications. Zimmermann, 
for example, did not require consciousness in sensible response, as Hailer 
would.133 More generally, "while Zimmermann envisioned in irritability a 
newly discovered principle of life, Hailer restricted his sphere of activity to 
muscle fibers capable of contraction!'I34 In the ensuing controversy, "Hailer 
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£would] find himself in a dilemma: how might he affirm [strict] empiricism 
his disciples and even to himself as a convinced Baconian, and yet pres

himself as the founder of a new system of ideas ? "1 35 
Hailer knew his results were controversial. This motivated his exten

repeated experiments. One result, that tendons were neither irritable 

sensible, flew in the face of the entire medical tradition of the West, 
to confirm it Hailer expressly stated that he had conducted more than 

hundred experiments since 1746. He was utterly confident that "the ten
have no organ neither of motion nor sensation!11 36 Moreover, he drew 

.,,., ..... ,� ... ,� .... corollary that had enormous significance to surgeons and phy
dealing with wounds: "we need no longer be afraid of wounds of 

tendons, of whatever kind they are."1 3 7  This practical inference pro

furor in the surgical community, led by the eminent practitioner An-

de Haen (1704-76) in Vienna.1 38 Another controversial outcome was 
Hailer deemed insensible the dura mater encasing the brain.1 39 Fur
with overt disdain, Hailer dismissed the assertion of Theophile Bordeu 

76) that the glands were served with nerves.1 40 
His strongest rhetoric targeted the various "animists " and "material

who diverged from his own view, generally by reducing the two dis
properties of sensibility and irritability to one fundamental life-force. 

the animists, he singled out Robert Whytt (1714-66), insisting 
the latter that sensibility could not be the source of all movement, 

irritability was manifest in muscle tissue totally removed from an 
Jtglmi�;m.141 Hailer rejected the idea that there could be unconscious nerve 

the heart of Whytt's alternative physiology.1 42 Sensibility simply 
conscious awareness, for Hailer. "The soul is a being which is con
of itself."1 4 3 If there were motions in organic tissue that did not arise 

conscious volition, as there obviously were, then sensibility could 
account for them. "Irritability therefore is independent of the soul and 

This, of course, seemed to the partisans of "animism " little short of an 
D.C110rs;en1ei1t of "materialism." Already, even before Hailer published his 
r!lf11Pmlu Lecture, Claude-Nicolas Le Cat (1700-1768) and Heinrich Fried

von Delius (1720-91) had made such allegations, on the basis of their 
of Zimmermann's dissertation, which they took to be a statement 

own view. Le Cat began correspondence in 1752 with the accusa-
that Hailer's experimental method led to "materialism " or "Spinozism!' 
deeply offended Haller.I 45 Similarly, Delius published Animadversio

in Doctrinam de Irritabilitate, 'fono, Sensatione et Moto Corporis Humani 
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(Erlangen, 1752), before the publication of Hailer's Academy Address. He 
took the published dissertation of Zimmermann as Hailer's own view and 
found it suspiciously materialistic. Hailer was, of course, most sensitive on 
this count because of La Mettrie, and he insisted that the latter's "impious 
system" had been "totally refuted" by the experiments reported in the Dis
sertatio.146 Sensibility-consciousness-could no more be reduced to irri
tability as a mechanical phenomenon than irritability could be accounted 
for by the soul. The experimental dualism of Hailer's results confirmed a 
metaphysical dualism between the body and the soul.147 Dualism was at the 
heart of Hailer's lifelong harangue against Georg Ernst Stahl and anyone 
else who took an "animist" view. 

Hailer had become the most famous life scientist in Europe by 1753.148 He 
would be the most often-cited living physician in the Paris Encyclopedie, pri
marily because of the work of his Gottingen years.149 In a sense, all roads to 
biology in Germany over the course of the eighteenth century went through 
Hailer, warranting the historian's particular attention in reconstructing its 
gestation. The path was through him, but others would sometimes have to 
run over him to get where they were going.150 Emergent biology needed to 
go where Hailer refused to go. 

Toellner has suggested the fruitfulness of applying Thomas Kuhn's no
tion of a "paradigm shift'' to what took place in medicine (specifically, phys
iology) around the middle of the eighteenth century, via Hailer's Gottin
gen Academy lecture on irritability and sensibility.151 Toellner argues that 
Hailer, though an adamant advocate of the mechanist approach to medicine, 
triggered what would be a hundred-year period of vitalist ascendancy.152 Of 
course, Hailer's impact needs to be conceived as part of a larger shift "vital
izing nature in the Enlightenment!' This shift had its origins as much in the 
reception of the Leibniz-Newton controversy over "force" in the metaphys
ics of science, and in French materialist ("Spinozist") thinking about or
ganic life around midcentury (Maupertuis, Buffon, La Mettrie, Diderot), as 
in Hailer alone. Nonetheless, Toellner's stress on Hailer is apt. 

Hailer's ideas about irritability set off a ferocious Europe-wide debate. 
All the epistemological and methodological presuppositions of the disci
plines of anatomy and physiology came under acute reexamination. It was 
a moment of enormous disciplinary exertion toward self-clarification. Over 
140 scholars, writing from some sixty locations, made significant contri
butions to the debate.153 It dominated the seven years after Hailer's publi
cation, triggering an unprecedented barrage of experiments. Two massive 
collections documented the debate: Sulla Insensitivita ed Irritabilita Hal-
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· na: Opuscoli di Vari Autori, edited by Giacinto Fabri (3 vols.; Bologna, 
7-59), and Mimoires sur la nature sensible et irritable des parties du corps 
"mal, edited by Albrecht von Hailer (4 vols.; Lausanne, 1756-6o). Europe 

never before seen such a mobilization of study and debate on a topic in 
science. 

Haller, to be sure, was disconsolate that "irritability" became generalized 
a system of explanation. "Irritability is becoming a sect," he wrote his 

· ate friend Samuel Auguste Tissot (1728-97). "That is not my fault.'n54 
ps not, but Tissot himself was a major propagator of just that system

·c generalization that Hailer found too bold. He came very close to pro
. · g Hall er "the Newton of physiology .''155 Throughout his introduction 

,the French translation of Hailer's Dissertation on the Sensible and Irritable 
of Animals, Tissot stressed the analogy between irritability and grav-

156 But he also and more importantly elevated Haller to a prominence 
European life science that would be confirmed both in the furor of the 

bate over irritability and in the retrospect of physiology as a Fachgebiet 
"thin German thought. Tissot's Haller was far more in keeping with his 

· cance for the times than Hailer's own estimation of his contribution. 
The debate over irritability was remarkably indecisive; both sides pro
ced a body of experimental evidence and theoretical argument, and both 

"des clung to their respective convictions and found the evidence support
them sufficient.157 No unity emerged: there was agreement neither about 

thod nor about result. But we must also attend to the kind of question 
t physiology by the mid-eighteenth century sought to address and that 

er's theoretical abstemiousness seemed to neglect. Deliberately, he "did 
t answer the needs for a comprehensive explanation of all physiological 
cesses and the fundamentals of life.''158 Not only was this resistance the 

tcome of the longstanding division between the "theoretical" orientation 
I physiology and the "mechanical" orientation of anatomy-the contrast 

the "pen" and the "sword" that Andrew Cunningham has so tellingly ex
:piored.159 But Steinke argues that the controversy also "demonstrated the 
JPOria of this new science."160 "In the mid-eighteenth century, it was still 

exception to approach a physiological problem by experimental investi
"on," Steinke concludes.161 Thus, "no Hailer school of experimental phys

logy" survived his return to Switzerland in 1753.162 Indeed, "the rejection 
f Hailer's specific notions . . .  has hitherto been underestimated.'n63 That 
>"Hailer's themes dominated German physiology of the second half of the 

jighteenth century, but not his concepts.''164 
One of the key issues posed by the controversy turned out to be whether 
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"animal experimentation [was] a valid means of investigating human physi
ology."165 Hailer's critic Anton de Haen in Vienna asserted that "man and 
animal differed in their whole nature (tota natura)."166 But Hailer was very 
strongly committed to the continuity of animals and humans in physiology. 
He "even expected that a comparison of the brains of animals with their 
behavior might be of use for the investigation of the human mental facul
ties!'I67 Above all, Hailer insisted that animal vivisection was the essence of 
physiology as a research science.168 "The overall amount of animal experi
ments and their repetition all over Europe was a new phenomenon. No pre
vious debate-not even Harvey's discovery-had provoked such widespread 
experimental investigation.m69 There was, in fact, no continuous tradition 
of animal experimentation in the late eighteenth century-except, perhaps, 
in Italy.170 In describing the experimental fervor that gripped the country, 
one commentator wrote of "a kind of general irritation of the whole of Italy 
[communis quaedam totius Italiae irritatio]."m Indeed, uniquely in Europe, It
aly for the rest of the century continued to pursue this experimental trajec
tory in the work of its greatest physiologists-Leopoldo Caldani (1725-1818), 
Felice Fontana (1730-1805), and Lazzaro Spallanzani (1729-99)-to reach 
a new peak in the famous controversies over "animal electricity" at the turn 
of the century.172 Though Hailer was convinced that vivisection was the 
method proper to physiology, the next generation of German physiologists
Johann Friedrich Blumenbach, Carl Friedrich Kielmeyer, and Johann Chris

. tian Reil-were not particularly dedicated to animal vivisection.I73 
Notwithstanding all Steinke's pertinent reservations, the practice of 

physiology was set on a new footing thanks to the engagement with Hailer's 
challenge. If the experimental focus in physiology was not continuous in 
the aftermath of Haller, this did not betoken the rejection of its findings. 
Rather, to take up a discrimination introduced by Roselyn Rey, a concern 
with the larger "animal economy'' based on "observation" displaced Hailer's 
exclusive focus on the "experimental" discrimination of types of tissue and 
their responsiveness to stimuli.174 This could appear a loss of determinacy, 
as when Steinke writes:  "The laboriously established division of irritability 
from sensibility via countless experiments got softened (Gaub, Unzer, Bor
deu, Barthez), and irritability received new associations of meaning (Reil, 
Cullen, Brown) or it disappeared into numerous 'newly discovered' life
forces (Wolff, Hunter, Medicus, Blumenbach).m75 But the powerful objec
tions entered by the French vitalists, notably the insistence of Henri Fou
quet on a greater holism in the assessment of animal function, and the shift 
over the eighteenth century from the question of movement to the question 
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of sensibility as the defining issue for a grasp of life as a scientific problem, 
s)lould not be seen simply as a regression.176 

H A L L E R ' S  S W I S S  Y E A R S  ( 1 7 5 3 - 1 7 7 7 )  

Hailer abandoned Gottingen in 1753. His restiveness had clearly begun 
JBUch earlier, however. He received many invitations to take up a chair at 
pther universities, but none tempted him. Six calls came from Halle alone 
(for some of which Leonhard Euler, no less, served as key negotiator).177 

. Hailer received two calls from Utrecht, one from Oxford (1747), and one 
from the Berlin Academy. Frederick II wrote to Maupertuis in 1749: "je vous 
donne carte blanche pour Haller."178 Negotiations concerning the Berlin 
offer extended through the early 1750s and are documented in Hailer's cor
respondence with Maupertuis and others.179 Eventually, Maupertuis tired 
ofHailer's equivocations and forced Hailer to make a decision. Hailer opted 
not to accept, offering two reasons: first, his family's future required a Bern 
connection, and second, he had promised Miinchhausen and the English 
king that he would stay at Gottingen five more years after his ennoblement, 
which occurred in 1749.180 Of course, these reasons should have kept Hailer 
from nibbling at the offer in the first place. 

In any event, it seems the ennoblement of 1749 did serve sufficiently as 
<!golden handcuffs" to keep him at Gi:ittingen a few more years. There was 
also something to the claini that Bern was important. He seems to have had 
a desperate need to be welcomed into the Bern elite. "What seething unrest 
must have driven Hailer. Apparently the one thing he wanted more than 
anything in the world was recognition in his own community.m81 In 1745 
Hailer had been elected in absentia to the "Great Council" of Bern: perhaps 
a token gesture in light of local political unrest about elite domination.182 
Jn any event, he was thrilled, and his Bern correspondents urged him to 
return and take up a political career. Hailer set his hat for a position on the 
"Small Council," the actual ruling body of Bern. He never made it. "Hailer 
strove-largely in vain-to become 'accepted' by the best Bern society and 
to join the true ruling class!'183 The best he got was an administrative post 
at Roche, 1758- 64, managing the saltworks. 

His return to Switzerland imposed significant limitations on his research 
resources: he had no dedicated anatomical theater and no large supply of 
specimens.184 Nonetheless, he did complete a monumental work in experi
mental embryology, Development of the Chicken Heart (1758).185 This became 
the pivotal text for the reassertion of preformation theory in embryology, 
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propagated by his associates Charles Bonnet and Lazzaro Spallanzani.186 

The composition of Elementa Physiologiae Corporis Humani (8 vols., 1757-66), 
his masterpiece, entailed exercise of the "pen," not the "sword," to apply 
Cunningham's distinction.187 Later, in the 1770s, Hailer composed massive 
bibliographical guides: for example, Bibliotheca Anatomica (Zurich, 1774-

77), two volumes, 1,700 pages, discussing 7,ooo authors from all times and 
places having to do with anatomy.188 A central feature of the last phase of 
Hailer's career was massive correspondence with his followers and friends, 

his "network of networks.m89 Notably, Hailer corresponded with a substan
tial group of Italians. In 1745 Hailer opened correspondence with Giovanni 
Battista Morgagni (1682-1771; professor at the University of Bologna until 
1707 and then at the University of Padua from 1711 to 1771), and Morgagni 
became a key intermediary to Italians.190 Hailer viewed Morgagni as the 
founder of pathological physiology; they never quarreled because the Italian 
suppressed any differences.191 Ignazio Somis (1718-93; professor at Turin) 
proved another major intermediary for Hall er in Italy and was a staunch de
fender of Hailer's irritability there (187 letters between 1754 and 1777). Carlo 
Allioni (1728-1804; professor at Turin) became a key middleman especially 
in botany; their correspondence spanned from 1757 to 1776.192 

Renato Mazzolini has made the interesting conjecture that the Italians, 
because they were not caught up in the metaphysical issues that preoccupied 
the Germans, proved particularly receptive to Hailer's experimental redirec
tion of physiology.I93 The three most important experimental physiologists 
in Italy in the late eighteenth century were prominent in Hailer's network. 
Correspondence with Caldani (professor at the University of Padua after 
1765) began in 1756, with 125 letters to Hailer and 99 from him.194 Fontana 
(professor at the University of Pisa and the University of Florence) began 
corresponding with Hailer in 1759.195 Spallanzani (professor at the Univer
sity of Reggio Emilia, 1757-63, then Pavia, 1763-99) began corresponding 
with Hailer in 1765; they were staunch allies on preformation but conflicted 
over blood circulation, especially in 1776.196 

The most controversial question concerning Haller's return to Swit
zerland has to do with the relation of his piety to his science. After his 
return, Hailer took up a prominent role in what might be termed a Prot
estant Enlightenment: "a circle of scientists [Natuiforscher], theologians, li
terati . . .  primarily ensconced in Calvinist cultures . . .  in Switzerland, En
gland, the Netherlands, Gottingen, and Berlin," who saw themselves called 
to campaign against "materialists and atheists!'I97 The Genevan Charles 
Bonnet orchestrated his association with Hailer from the outset as an anti-
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philosophe crusade, targeting especially Buffon as "Epicurean!'198 The pro
. gram is captured in the title of an important study by Mazzolini and Roe: 
Science against the Unbelievers.199 

In the 1930s Margarete Hochdorfer composed an important mono
graph on the tension between Hall er's religiosity and his science. 200 In re
sponse, Richard Toellner mounted a very impressive case for the coherence 
of Hailer's life and work.201 Karl Guthke was not convinced, however.202 
Scholarship has proliferated since, yet the problem of Hailer and religion 
has not been resolved.203 Perhaps it is a matter of asking the right historical 
question. Toellner suggested that twentieth-century scholarship had blown 
out of proper historical proportion Hailer's intimate religious anxieties, re
constructing them into a conflict of principle between his science and his 
religious faith. 204 From the adamantly secular vantage of twentieth-century 
reception, it seemed important to infer that Hailer, the scientist, could 
never accept the dogmas of positive religion, attesting to the incompatibil
ity between science and religion.205 Toellner insisted this was bad history 
regarding Hailer personally and even a misunderstanding of the relation 
between science and religion in principle. 206 

The secularizing interpretation pounced upon a notorious scandal that 
arose at Hailer's deathbed, when he announced to the circle of eminent and 
religious figures attending him that he had never been able to believe in 
the dogmas of his faith.207 That "confession" created a culture shock in the 
German intellectual community. Some simply denied that the reported con
fession took place. Others took grim satisfaction in the contradiction that 
it ostensibly revealed in Hailer's character, rendering him a thoroughgoing 
hypocrite because he had long been alleged to be hyperorthodox. 208 Clearly, 
it seemed a deep blow to the hope that scientific practice and religious piety 
could be embraced simultaneously: Hall er had been in many ways the sym
bol of this fusion for his times, and he had explicitly praised his great pre
decessors Newton and Boerhaave for preserving just this unity.209 To rescue 
Hailer's piety in the wake of the deathbed confession, a Bern scholar,Johann 
Georg Heinzmann, had immediately undertaken to publish materials from 
Hailer's personal diaries that attested to his spiritual devotion. The whole 
work was entitled '1agebucher seiner Beobachtungen uber Schriftsteller und uber 
sich selbst, but the most important material was gathered in a section in the 
second volume of the publication, "Fragmente religiOser Empfindungen." 
The editor selected material from manuscripts that were in the family's pos
session at Hailer's death and that have not survived, so that scholarship can
not confirm the principles of selection or retrieve omissions that might bear 
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upon the meaning of the whole. Even as it stood, the publication left a sub
stantial gap in the record, from 1747 to 1772, with the editor's excuse that 
material in this interval had been written in English!210 Such philological 
blemishes acknowledged, it remains clear from these documents and others 
that Hall er wrestled with spiritual issues his entire life, and in similar terms. 

Accordingly, it makes no sense to conceive of any fundamental shift 
in Hailer's inner spiritual life or to think that his scientific work induced 
an estrangement from his religious origins.211 In that measure, Toellner 
has successfully debunked the secularist projection of twentieth-century 
scholarship. Especially in his more recent essays, Toeller richly elaborates 
the authentically Calvinist salvation anxiety that marked Haller's spiri
tual struggles. The doubts and self-accusations that throng in Haller's diary 
entries, always intended for his private use only, marked vividly the sort of 
spiritual fear and trembling that, in the Calvinist tradition, a Christian in 
a condition of sin had to feel in clinging to the hope of God's redeeming 
grace.212 Precisely what such Christians should never presume was their 
worthiness of salvation, even as it was their most desperate hope. Faith was 
precisely the struggle to overcome the intransigence of sin and the "hard
ness of heart" that came of entanglement in the world. Hall er knew himself 
for a sinner and a man of relentless ambition; the world was very much with 
him, and he felt his waywardness from God and the peril for his soul. He 
constantly bewailed the recalcitrance of his "heart" to both his reason and 
his faith. 213 Toellner argues correctly that this was hardly a lack of Christian 
piety but rather its essential character in the Calvinist tradition. In a word, 
we have no grounds to doubt Haller as a Christian believer. Toellner is cor
rect about Haller's anguished personal piety. 

Yet, important as that is, it is not the right historical question. Where 
Toellner falls short, I contend, is in the historical interpretation of Haller's 
public religiosity, which was marked by a polemicism that can only be con
strued as dogmatic and even reactionary. As his friend and Swiss compa
triot Johann Georg Sulzer privately observed, there was something "child
ish" about Haller's public religious professions.214 Others viewed them still 
less sympathetically. His former student Zimmermann had come to loathe 
what he saw as his teacher's turn to "hyperorthodoxy" and even went so far 
as to blame it on opium addiction. 215 The young Goethe, as a spokesman of 
the new generation of the Sturm und Drang in their year of dominion over 
the book review section of the Frankfurter Allgemeine Zeitung in 1772, made 
it quite clear how out of pace Haller's public religiosity was with the more 
advanced sentiments of the day, and not just in France.216 Hailer liked to 
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profess that Protestantism was a religious orientation of tolerance, and he 

celebrated the Dutch Republic generally and the stance of his great mentor, 

Boerhaave, more particularly as the embodiment of this spirit. 217 Yet he rev
eled in a complacent juxtaposition of two extremes-the backward Catholic 
Church, sunk in superstition (Aberglauben), versus modern freethinking (Un
glauben), verging on atheism-each, in opposite ways, threatening the stabil
ity of state and society.218 Only a Protestant culture could guarantee good 
order. He saw himself and his coreligionists as the golden mean between 

and, above all, against these two extremes. 

That did have an impact-both on his personal science and on the ep
och. However authentic Hailer's religiosity, it became a force that impeded 

important impulses toward modernity in the science and the culture of his 
time. In that context, I suggest Hailer's return to Switzerland in 1753 did 
exacerbate just this public and negative dimension of Hailer's religiosity. It 

has long been contended that his outrage over La Mettrie and materialism 
triggered a change in the tone of his writings both on science and on cul
ture by 1750.219 Clearly, he accentuated these issues in an important pref
ace he composed in 1751 for the translation of a French text already target
ing freethinking as socially dangerous.220 I believe his new alliance with 
Charles Bonnet, which only commenced in the Swiss years, exerted par

ticular influence.221 Another solidification of ideological agenda can be as
sociated with the arrival in Bern of Fortunato Bartolomeo De Felice (1723-
89), who was instrumental both in propagating Hailer's views on science 
and religion and in creating the institutional culmination of the whole im
pulse, the Encyclopidie dYverdon. In 1757 De Felice published a major state
ment of the experimental Newtonian tradition as he understood it from 

'sGravesande and Hailer: De Newtoniana Attractione Unica Cohaerentia Natu
ra/is Causa Dissertatio. 222 He went on to become the founding editor of the 
Encyclopidie dYverdon. As Marita Huhner notes, "The Encyclopidie dYverdon 
was the most important Protestant successor [Folgewerk] of the Encyclopidie 
of Diderot and d' Alembert!'223 More than a successor, it was unquestionably 
conceived and received as a rejoinder to the Paris Encyclopidie, a rearguard 

campaign against French vital materialism, offering a piously Protestant 

·Version of Enlightenment, with reference in particular to natural philos
ophy.224 Hailer was a central figure in the Yverdon project with his many 
contributions to the Encyclopidie.225 

Not even Bonnet would prove orthodox enough for Hailer, almost ruin
ing their crucial alliance, which they salvaged only by desisting from dis
cussion of their religious differences for the sake of their common cause. 226 
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This polemical turn in Hailer is manifest in the enormous amount of pub
lished work that he devoted to the attack on his religious adversaries in the 

last decade of his life: the three volumes defending revelation and attack
ing freethinking.227 It was already manifest in his increasingly explicit con
cerns over Buffon's latent Epicureanism in the 1750s, eagerly fomented by 

Bonnet; in his celebratory review of Reimarus's work on natural religion as 

a German riposte to French materialism; and in the religious twist to his 
debate with Caspar Friedrich Wolff over preformation and epigenesis-all 

of which will be the object of our consideration in a later chapter. Shirley 
Roe concludes that Hailer self-consciously restricted science so that it could 
not conflict with religion: "Where there is a danger of scientific theories 
forming a basis for materialism and atheism they must be rejected.'' Roe 

calls this, aptly, "science within the limits of religion.''228 The Kantian reso
nances are particularly apposite. That was exactly what Hailer (and, I would 
argue, Kant as well) endeavored to uphold. But the whole position proved 
untenable, both intrinsically and historically. 
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French Vital Materialism 

Might one not willingly believe that there has never been but one original 
animal, prototype of all the animals in which nature has done nothing more 
than elongate, shorten, transform, multiply, obliterate certain organs? 

D I D E ROT, 1753' 

The notion of "French materialism" in the eighteenth century is hardly 
new.2 But perhaps the modifier "vital" might make more salient the decisive 
feature of this materialism as it informed the development of life science 

in France and thus help us to understand the contours of the German re

ception of this critical phenomenon.3 I wish to argue that a quite specific 

French challenge at midcentury decisively inflected the course of the Ger
man life sciences thereafter. This chapter will articulate this French chal
lenge, and the next will take up the German figures who were provoked or 

inspired by this bracing new way of thinking. 

The most sustained historical analysis of this paradigm shift is the work 
of Peter Hanns Reill. In an extensive series of essays, followed by a synthe

sizing monograph, Reill has offered a persuasive account of the new scien

tific model of the mid-eighteenth century. 4 In an essay suggestively titled 

"Between Mechanism and Hermeticism," Reill demonstrates the complex 
strategy of the new approach to avoid both dead ends of reduction to strict 

mechanism and of appeal to the "occult qualities" of the Neoplatonic/Her
metic tradition and to endeavor instead "to create a middle realm with its 

own inherent structure!' Thus, "the principles of mechanical natural philos
ophy which had supported Cartesian, Leibnizian, Wolffian and early New
tonian science were attacked in the name of a reanimated nature filled with 
matter imbued with active, vital forces.'' Reill illuminates how centrally a 
metaphysical commitment-mind-body dualism-had figured in the mech
anistic model, and how the new science needed to challenge its premises. 

"The new mid-eighteenth century alternative to mechanism denied both of 
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the principle [sic] characteristics of matter ascribed to it by the mechanists, 
namely its inert nature and its aggregative composition!' Since "none of the 
postulated active forces could be seen directly, nor could they be [directly] 
measured;' Reill notes, "a new form of reasoning was demanded," a kind of 
semiotics: "comparative, functional analysis and analogical reasoning!' The 

scientists of the second half of the eighteenth century had "a strong com
mitment to close observation?' and their real contributions in physics came 
not in theory but in experimentation: they "designed elaborate experiments 

and instruments to register what was not immediately perceptible."5 
In a very short span of years around 1750, French naturalists-Pierre

Louis Moreau de Maupertuis, Georges-Louis Leclerc de Buffon, Denis 

Diderot, and Julien Offray de La Mettrie-opened the way for a new "vi
tal materialism" in the life sciences. This theoretical mutation began in the 
early 1740s, led by Maupertuis and Buffon, who were in close contact at 
the time. Shortly before departing France for his new post as president of 
the Berlin Academy, Maupertuis published (anonymously) various versions 
of his provocative Vinus physique (1746).6 Around the same time, Buffon 
composed the essay that would eventually become the "Preliminary Dis
course" to his Histoire nature/le, ginirale et particuliere in 1749.7 Together they 
challenged the adequacy of the mechanist paradigm for the life sciences. 
La Mettrie had been even more provocative, with his Histoire naturelle de 
l'dme (1745) earning him exile from France to Holland, then with L'homme 
machine (1747), which earned him exile from Holland to Frederick Il's Ber
lin.8 Diderot made the most dramatic synthesis of these impulses in his De 
!'interpretation de la nature (1753). But the decisive breakthrough came with 
the publication of the first three volumes of Buffon's monumental Histoire 
nature/le in 1749.9 

Meanwhile, parallel developments were taking place more specifically in 
physiology at the medical school in Montpellier, led by Paul Joseph Barthez 
(1734-1806) and Theophile Bordeu (1722-76).10 Provoked by Albrecht von 
Hailer's 1752 address to the Gottingen Academy on irritability and sensibil
ity, "Bordeu and the other doctors from the medical school at Montpellier 

criticized the distinction that Hailer made between irritability and sensibil
ity. Bordeu claimed that all living matter was sensible and that irritability 
was only a special case of sensibility."11 Barthez and Bordeu brought about 
a decisive shift in medical thought at Montpellier from the "iatromechani
cal" to the "vitalist" orientation.U After Bordeu moved to Paris in 1751 and 
joined the circle of the Encyclopidie, the two French currents merged power
fully. Diderot gave theoretical expression to the whole program in his Pen-
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sees sur !'interpretation de la nature (1753) and brilliant literary evocation a 
decade later in his Reve de d'Alembert (composed in the summer of 1769).13 

Central to this revisionism was a reflection on the animal-human 
boundary, especially the ancient issue of the "animal soul."14 One salient 
moment was the controversy between Etienne Bonnot de Condillac and 
Buffon over animal nature, but this was a transnational impulse of the 
European Enlightenment, not unique to France.15 In the Scottish Enlighten
ment, Robert Whytt (1714-66) published a major study on the character of 
animal functions and their neural connection in 1751.16 It was followed by 
A Comparative View of the State and Faculties of Man with Cfbose of the Animal 
World (1765), by the Scottish philosophical physician John Gregory (1724-
73)P The work of the very important Hunter brothers, William (1718-83) 

and John (1728-93), belongs squarely in this domain.18 We will follow the 
specifically German inflection of this matter in detail in later chapters. 

P I E R R E - L O U I S  M O R E A U  D E  M AU P E R T U I S  

A N D  T H E  VE N US P H YS lftUE 

The first major intervention of the new approach to life science came in an 
anonymous text by Pierre-Louis Moreau de Maupertuis, Dissertation phy
sique sur /'occasion du Negre blanc (1744). 1ts ostensible stimulus was the ap
pearance that year in the Paris salons of an albino black child. The actual 
stimulus, scholars have established, was a longstanding debate within the 
Paris Academy of Sciences over the origin of "monsters"-that is, congenital 
deformity.19 And behind that debate stood the whole quandary of preexis
tence in embryology. By the mid-eighteenth century, the theory of genera
tion had become the flash point both for natural science and for physico
theology. All the methodological issues of a naturalistic epistemology for 
experimental inquiry, on the one hand, and all the metaphysical issues of a 
credible natural religion, on the other, assumed maximum acuity just there. 

When Maupertuis transformed his first endeavor into a longer book a year 
later, he published it under the title Vinus physique- clearly a rhetorical sally 
addressing his argument not to the Academy of Sciences but to the salon 
and the public sphere.20 In his alienation from the academy he was seeking 
a new role as esprit fort, writing for the public sphere in the manner ofVol
taire.21 But that did not mean his work was not intended as a serious scien
tific challenge. It was, and it succeeded in drawing considerable attention. 
The original edition of Vinus physique went through three printings by 1750, 
and with significant shifts in content.22 
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The thrust of the Wnus physique was, as Michael Hoffheimer has con
tended, primarily critical, not constructive.23 It claimed that the available 
empirical evidence could not support any version of preformation theory: 
"neither ovism nor animalculism could reasonably be accepted!'24 Evidence 
from heredity and from embryological observation compelled a return to 
the ancient view that the fetus arose from the mixture of the seminal fluids 
of both sexes. The idea of emboitement-the complete preexistence of germs 
from the moment of divine creation of the world- had to be replaced by 
the idea that Harvey had enunciated, epigenesis: that is, that "organs . . .  are 
progressively formed from, or emerge from, an originally undifferentiated, 
homogeneous [material]," in the terms of C. U. M. Smith.25 The two claims 
that observation and experience warranted-biparental contribution to and 
epigenetic development of the embryo-left a great explanatory void: by 
what mechanism did these phenomena take place? "Could the ordinary laws 
of motion suffice, or should we call upon new forces for help ?"26 Mauper
tuis noted that already in chemistry Etienne-Franc;ois Geoffroy (1672-1731) 

had argued that chemical reactions demanded a theory that surpassed the 
impact-transmission of force. Geoffroy proposed affinity (rapport) as the es
sential principle. Maupertuis accepted this.27 Indeed, already in physics a 
departure from strict mechanism had become necessary: the recognition 
of attraction ("action at a distance") as a fundamental force. 28 ''Why should 
not a cohesive force, if it exists in Nature, have a role in the formation of 
animal bodies? . . .  [I]f these particular particles had a special attraction for 
those which are to be their immediate neighbors in the animal body, this 
would lead to the formation of the fetus!'29 Maupertuis speculated that in 
the parental seminal fluids there were elementary particles that were keyed 
to particular parts of the parental organisms. In the mixture of parental 
seminal fluids at conception, these particles were "attracted" to one another 
in some naturally lawful manner to form the same parts in the offspring. 

Maupertuis supposed that in the plethora of elementary particles float
ing about in the seminal fluids, most derived from the immediate parent, 
but there were others of more remote heritage or altered by circumstance. 
"Chance or a shortage of family traits will at times cause variant combina
tions," he wrote.30 Moreover, "I do not exclude the possible influence of 
climate and food . . . .  I simply do not know how far this kind of influence 
of climate and food may go after many centuries."31 Yet drastic variants, 
left to nature, tended to degenerate and vanish and Nature returned to her 
original patterns: "after a few generations, or even in the next generation, 
the original species will regain its strength."32 Such a theory, Maupertuis 
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argued, could handle all the anomalies that had accumulated so fatally in 
the theory of preformation: evidence of inheritance of traits from both par
ents, hybrid animals, the emergence of "monsters;' and so on. 33 Maupertuis 
turned from the level of individual generation to the question of hered
ity across generations, and therewith to the question of variation in spe
cies. It was clear from human breeding of animals that "Nature holds the 
source of all these varieties, but chance and art sets them going."34 Breed
ers produced plants and animals that "did not exist in nature. At first they 
were individual freaks, but art and repeated generations turned them into 
new species!'35 

Such were the conjectures Maupertuis felt prepared to offer in 1745· Buf
fon took them up and celebrated them in the first volumes of his Histoire 
nature/le (1749). His comment is worth citation: 

The general difficulties common to both systems [ovism and animalculism] 

have been seen by a man of spirit who seemed to me to have reasoned better 

than all those who have written before him on this matter; I mean the author 

of the Wnus physique, printed in 1745; this treatise, although very brief, gath

ers together more philosophic ideas than there are in many large volumes on 

generation; as this book is in everyone's hands [!], I will not analyze it; it is not 

susceptible of analysis; the precision with which it is written does not permit 

an extract; all that I may say is that one will find there the general views that 

do not differ gready from the ideas which I have given and that this author is 
the first who has begun to approach the truth from which we were farther than 
ever since eggs were imagined and spermatic animals were discovered.36 

Maupertuis welcomed the alliance in his 1752 "Lettre sur !'organisation 
des animaux," writing that Buffon "believes that each part of the body of 
members of both sexes furnished organic molecules, of which the seminal 
fluids are reservoirs, and that these molecules arrange themselves after the 
mixture of fluids and join together by attractions in the internal mold."37 
Thus, Maupertuis acknowledged Buffon as the leader of the new direction 
in life science. 

D E N I S  D I D E R O T, M E D E CI N - P H I L O S O PH E  A N D  S P I N O S I S "l'E 

"We are on the threshold of a great revolution in the sciences," Denis 
Diderot wrote in 1753.38 While his anticipation exceeded the actuality, a sig
nificant paradigm shift was at hand, and his philosophical vision did give 
it distinguished expression. Diderot's crucial text, Pensees sur /'interpretation 
de la nature (1753; rev. ed., 1754), was a manifesto for the paradigm shift to 
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vital materialism in the mid-eighteenth century.39 Microscopy had revealed 
a thriving world of life at the most elementary level, which Buffon and the 
Francophone eighteenth century termed the "molecule."40 Moreover, ex
perimental observation had generated stunning anomalies that made estab
lished theories of generation (preformation) seem problematic: Abraham 
Trembley's polyp (1741), Charles Bonnet's parthenogenesis (1741).41 John 
Turberville Needham (1713 - 81) even persuaded many that he had experi
mental evidence reviving ostensibly discredited "spontaneous generation!'42 

Diderot's Pensees sur /'interpretation de la nature attacked the preponder
ance of the mathematical (and mechanist) paradigm in natural science, in 
favor of a physique experimentale that was emerging in the new fields of 
"chemistry, physiology, and biology!'43 We can most effectively contextual
ize Diderot's impact by taking up a curious mistake in ascription by the em
inent German theologian from Halle Sigmund Baumgarten in 1745, when 
he identified the author of the anonymously published Natural History of 
the Soul as "the physician [Denis] Diderot."44 Baumgarten was wrong, of 
course, on two counts: the book was not by Diderot (but by La Mettrie), 
and Diderot was no physician. Yet the mistake was thoroughly comprehen
sible because the book sounded like Diderot, and Diderot sounded like a phy
sician.45 He was shortly to translate into French one of the most impos
ing tomes of English medicine with the aplomb that only a medical doctor 
should have possessed. 46 More decisively, for my purposes, Diderot believed 
that medicine offered a distinctly privileged entree into the key philo
sophical issues of his day. "It is very hard to think cogently about metaphys
ics or ethics without being an anatomist, a naturalist, a physiologist, and a 
physician," he assertedY That is, philosophy could best conduct its affairs 
under the rubric-or in the (dis)guise-of medicine. He adopted, in a word, 
the persona of a medecin-philosophe.48 La Mettrie made the persona of the 
medecin-philosophe an unequivocal stance for "radical Enlightenment."49 His 
bold provocations made urgent the methodological and the metaphysical 
issues of the paradigm shift to a "vital materialism!' Thus, Baumgarten had 
very sound instincts in identifying Diderot with La Mettrie. 

From his Pensees philosophiques (1744) to his Lettres sur les aveugles (1749), 
Diderot famously made the passage "from deist to atheist"- and landed in 
the prison of Vincennes for his pains. 5° In prison, Diderot set himself to 
the systematic study of the just-published first three volumes of Buffon's 
Histoire naturelle.51 His detailed prison notes on the text were confiscated 
and subsequently lost, but a reprise of his understanding of Buffon is to be 
found in the article "Animal" in the Encyclopedie.52 Perhaps the most impor-
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tJmt and irreversible turning point for Diderot in the Lettres sur les aveugles 
was the determination that natural science should be the ultimate test of the 
\llalidity of thought. 53 Diderot firmly believed philosophy was undertaking 
a most important task for the liberation of science- "to find an order in 
nature that does not come from God"- hence, "science ought to respond 

to questions of metaphysics.''54 While not a practicing naturalist, Diderot 
naturalist and especially medical publications carefully, especially after 

1749· He was, in fact, a philosopher of natural science, and what he did pub
especially the Pensees sur /'interpretation de la nature and his articles in 

Encyclopedie, suffice to situate him at the cutting edge of the philosophy of 
inquiry of his day. 55 

The transition from prison at Vincennes back to the ambitious editorial 
.-,etltwre of the Encyclopedie entailed very close collaboration with the leading 
•·attht:mlttical physicist of the day, jean Le Rond d'Alembert (1717-83).56 The 

Preliminary Discourse to the Encyclopedie (1751) constituted a major 
Jt11ternet1t of Enlightenment philosophy and natural inquiryY Yet it stood 

· stark contrast to the one Diderot discerned in the writings of Buffon. A 
passage from the introduction to d' Alembert's 'Traite de dynamique 

asserted a definite hierarchy in cognitive worth, setting rational me
auUllcs, with its a priori mathematical formalism, above mere experimental 
ruv.,,w""'-58 D' Alembert was quite convinced of the intellectual superiority of 
rat11erna1tic:al physics, but he faced significant opposition, especially as Buf

outlined the alternative path of "experimental physics" and brilliantly 
mt:,oatea it in his own work in natural history. Diderot clearly preferred 

program. "A new domain seemed to have been won for science 
required a fresh, direct contact with things, new methods for their 

llVe:sn:gatiOtl, and which promised the discovery of the concrete 'individual 
of things.'"59 

criticizing the "mathematical" method, Diderot faulted its perfect ab
which bore little resemblance to the actualities of observational 

when they were "brought back to earth.'' There was about the mathe
natural sciences a penchant for reason "to consult itself instead of 

........ .----- Diderot proposed instead to extend the idea of "interpretation"
yuuv•v�; ..... .u or hermeneutic approach-to the natural sciences. To that 

Diderot invoked the precedent of Bacon, taking his title from Bacon's 
!tn'hrP·tn.tUJ. Naturae.61 At the same time, Diderot evoked genie, suggesting 

gifted experimentalists simply had a knack for knowing which trail to 
"an inexplicable intuitive awareness of the workings of nature.''62 

made a place for hypothesis in empirical science that was neither 
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illicitly metaphysical (as Newton claimed) nor transcendentally a priori (as 
Kant would claim) but simply imaginative. 63 One had to find a place in 
the methodology of science for "imagination, analogy, and every individual 
creative and inventive faculty."64 That was why Diderot used the term "in
terpretation." He envisioned an empirical inquiry that not only fit the. en
deavors of "the newly rising branches of natural and medical science" on 
the basis of a "concept of experimentation which made the older one seem 
less 'concrete'" but assimilated those endeavors to the "humanistic" ones in
volved in the "science of man.''65 

This is what Sergio Moravia has termed the "epistemological liberal
ization" of the Enlightenment. 66 Diderot's Pensees sur /'interpretation de la 
nature offers one of the clearest statements of the methodological program 
of this "liberalized" new empiricism of the eighteenth century. Notably, 
he distinguished between the mere observateur (the alleged Baconian "em
piric") and the interprete, for the latter sought general principles behind the 
phenomena. Dieckmann pulls this together in a summation: "If one now 
links the conception of the interprete, who by his conjectures transcends the 
endless dependence of one phenomenon upon the other and arrives at a de
termining cause, to the conception of the genius if experimental science, who 
alone is capable of creative conjectures, we seem to have in the interpreter 
if nature the scientist Diderot expected for the new investigation of things 
outlined in the Interpretation.''67 This reconstruction tallies closely with the 
representation of the scientific culture regarding objectivity in that era in 
Lorraine Daston and Peter Galison's study.68 

Diderot's fundamental theoretical ambition was coherence: a unified 
view of nature. Continuity was indispensable, theoretically: "the absolute 
independence of one single fact is incompatible with the idea of the whole; 
and without the idea of the whole, there can be no [natural] philosophy."69 
Diderot's inspiration came largely from Buffon and Maupertuis and per
haps, less congenially, from La Mettrie.70 He also made explicit reference 
to the experimental achievements of Trembley and Bonnet.71 From Buffon 
and Maupertuis Diderot explicitly drew his grand hypothesis: "It appears 
that nature is disposed to vary the same mechanism in an infinity of dif
ferent ways. It never abandons a type of product until it has proliferated its 
instances into all possible forms.'>n In particular, this led Diderot to conjec
tures about organic forms. "Might one not willingly believe that there has 
never been but one original animal, prototype of all the animals in which 
nature has done nothing more than elongate, shorten, transform, multiply, 
obliterate certain organs?"73 Thus, continuity prevailed: "one sees the suc
cessive metamorphoses of the accoutrements [envelope] of the prototype, as 
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had been, bring one domain into proximity to another by insensible 
��q�,�'"'""·"74 Indeed, Diderot advanced to the idea that not only in the king

of the living but throughout all nature "there has never been but one 
lm:)totvt>ic:al being for all beings.''75 "For Diderot there was no difference 
�:we�en the organic and the inorganic except in the degree of organiza

His whole world was dynamic. The universe was a great animal, and 
also one enormous elastic body conserving vis viva.''76 Diderot wrote 

10 Charles Pinot Duclos (1704-72) in 1765: "Sensibility is a universal prop
erty of matter, a property that lies inert in inanimate objects [but one] that 
becomes active in the same objects by their assimilation into living aninlal 
substance.''77 
, Diderot noted that Maupertuis, in his Systeme de la nature, virtually en
dorsed this idea, while Buffon seemed to find it too bold. His own disposi
tion was to drive Maupertuis's tentative conjecture to its radical conclusion, 
despite the hesitations of both his predecessors. His vision for the revolu
tionary new science was that it should establish one unifying force encom
passing all the new forces that "experimental physics" had discovered.78 So 
he pressed, under the disguise of religious distress, to unearth the ultimate 
significance of Maupertuis's argument. 

It is here that we are surprised that the author • . .  has not seen the terrible 

consequences of his hypothesis . . . .  I would ask him accordingly whether the 

universe, or the general collectivity of all the sensible and thinking molecules, 

forms a whole or not . . . .  If he agrees that it is a whole . . .  as a result of this uni

versal copulation, [then] the world, like a great animal, has a soul; . . •  this world 

soul-I don't say is but might be- an infinite system of perceptions and . . .  the 

world might be God/9 

That was blatant "Spinozism" as the age understood it.80 Diderot was im
puting it to Maupertuis left-handedly, and equally underhandedly embrac
ing it himself; a tactic not at all lost on Maupertuis, as his rejoinder subse
quently reflected, nor lost on the age or on our reception.81 As the editor 
of Diderot's text observes, both Maupertuis and Diderot were part of "that 
neoSpinozist movement which propelled the [entire] century."82 

This raises a second, striking aspect of Sigmund Baumgarten's mistaken 
identification of Diderot with La Mettrie. He employed (this time, aptly) 
a momentous epithet: "Spinozism.''83 Indeed, notwithstanding Baumgar
ten's anxieties, Spinoza's metaphysics had become a theoretical resource 
for the articulation of a more subtle and dynamic materialism. Diderot and 
La Mettrie did not simply replicate Spinoza's metaphysics; indeed, one can 
query the depth of their reading of the seventeenth-century metaphysician 
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by 1750.84 L a  Mettrie wrestled with the allegation of "Spinozism" in the 
introduction to his collected works (1751), noting that he had never seri
ously studied Spinoza and that if they had come to the same conclusions, 
it was by entirely different routes. 85 Rather, contemporary developments in 
life science and medicine had a decisive bearing on what he (and Diderot) 
chose to make of "Spinozism.'' 

In short, "Spinozism" was a pejorative hurled at, but then-much more 
interestingly-defiantly embraced by, the "materialists" of the new life 
science.86 If they were "Spinozists;' they were of a quite different stripe: 
"not abstract speculators; they [we]re scientists; taking their point of de
parture from precise experiments in embryogenesis and animal physiology, 
they profess[ed] to have found in matter itself the laws which preside over 
the origin and development of life.''87 The thrust of this new Spinozism was 
to "refashion a monism more in accordance with the findings of science.''88 
The new Spinozism found its most succinct and decisive formulation in 
Diderot's remarkable little article "Spinosiste" in the Encyclopedic (vol. 5; 
1765). The entirety of that text deserves citation: 

One should not confuse the old Spinozists with the modern Spinozists. The 

general principle of the latter is that matter is sensible, which they demonstrate 

by the development of the egg, an inert body that, by the sole instrumentality of 

gradual warming, passes into the state of being sensitive and alive, and by the 

growth of every animal, which at the outset is nothing but a point and which, 

by the nutritive assimilation of plants-in a word, of all substances that pro

vide nutrition -emerges as a large, sensitive, and living body occupying a large 

space. From this they conclude that there is nothing but matter and that it suf

fices to explain everything. For the rest, they follow the older Spinozism in all 
its consequences. 89 

Diderot was responding, in short, to a new breakthrough in science. The 
novelty in this Spinozism was twofold: a vitalism entailed in the proposi
tion that all matter was sensible and a stress on organic growth. Far from 
Spinoza's "geometric" mechanism, these thinkers emphasized an imma
nent creativity in nature that mechanism simply could not account for. It 
was Leibniz, not Spinoza, among the traditional metaphysicians, who of
fered them the most conceptual scope.90 As Paul Verniere classically sum
marizes it, through Leibniz, "nature as a whole appeared like a vast living 
organism.'' Thus, "to the geometric monism of Spinoza succeeds a vitalist 
monism dominated by the idea of nature.''91 

These impulses achieved their most brilliant articulation in 1769 in 
Diderot's Reve de d'Alembert (D'Alembert's dream).92 The arrival of Theo-
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phile Bordeu in Paris and their association in the Encyclopedie project 
brought Diderot into intimacy with the "most modern philosophical phy

sicians" and the breakthroughs of the school of Montpellier.93 He drew 
the best minds of French medicine-most from Montpellier-to com
pose articles on life science for the Encyclopedie. "Without the physicians 

of Montpellier-Bordeu, Fouquet, Menuret de Chambaud-Diderot would 

surely not have written the Reve de d'Alembert;' Jacques Roger comments.94 
In D'Alembert's Dream, Diderot fictionalized Bordeu to expound the new 

ideas of vital materialism.95 Bordeu's role was to "demonstrate the connec

tion between the 'systematic philosophy' of the dreamer and the most solid 
observations of science.''96 As the character "Diderot'' asserts in the initial 
conversation, "We have no more idea of what [animals] have been in the 

past than we have of what they will become. The imperceptible worm wrig
gling in the mire is probably on its way to becoming a large animal; the 
huge beast whose size terrifies us is perhaps on its way to becoming a worm. 
Perhaps they are each a momentary production of this planet and peculiar 
to it.''97 "Who knows whether everything is not tending to degenerate into 
the same great, inert, motionless sediment? And who knows how long this 

inertia will last? Who knows what species may once again evolve from such 
a huge mass of sensitive and living particles?  . . .  [E]ach possibility exists 

equally, they merely depend upon the motion and various properties of mat
ter . . . .  You have two great phenomena: the transition from a state of inertia 
to one of sensitivity, and spontaneous generation; let them satisfy you.''98 

The thrust of D'Alembert's Dream was materialism. But at the same time 
it was a work of vitalism. This vitalism, however, did not entail any specifi
cally progressive developmental element.99 Instead, Diderot affirmed a pe

rennial spontaneous generation. As Roger puts it, "the universe of Diderot 
is one gigantic game of dice, where everything is determined, where noth
ing is known, where the dice themselves change form in the course of the 
game.''100 Yet Diderot remained a vitalist, sharply differentiating himself 
from reductive materialism, whether in the crude form of Helvetius or even 
in the formulation of his close friend, Baron d'Holbach.101 Such vital mate
rialism found its most important articulation not in the latter's Systeme de la 
nature but in Buffon's monumental Histoire nature/le, generate et particuliere. 

T H E  " B U F F O N I A N  R E V O L U T I O N "  

The first three volumes of Buffon's Histoire nature/le, generate et particuliere, 
the most important publication in natural history of the eighteenth cen

tury, appeared in 1749. Buffon's "Preliminary Discourse" to the Histoire na-
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turelle, entitled "On the Manner of Studying and Expounding Natural His
tory;' probably composed as early as 1744, has frequently been compared 

with Descartes's famous Discours de la methode, in the sense that it was self

consciously offered as foundational for the scientific practice of the times. 
It contained the most thoughtful and important formulation of the vison of 

natural inquiry at the foundation of the paradigm shift associated with vital 

materialism. Indeed, Phillip Sloan has argued that it is appropriate to think 
of a "Buffonian revolution.''102 That idea will guide this discussion. 

The first volumes of Histoire nature/le appeared in the aftermath of the fe

rocious "wars" of the 1730s and 17 40s within the Paris Academy of Sciences 
between Newtonianism and Cartesianism, in which Buffon unequivocally 
aligned himself with the Newtonian faction.103 He began his career as a 

mathematician, and his approach to natural history was grounded in his 
earlier methodological and philosophical studies in mathematics, proba

bility theory, and epistemology.104 One of his earliest achievements came 
as the translator and commentator of Newton's Fluxions (1740). As a cor
respondent of the Swiss mathematician Gabriel Cramer, the editor of the 

papers of Bernoulli and Leibniz, he was exposed to the most advanced 
mathematics of the age. 

Buffon's particular inflection of "Newtonianism" was sharply at odds 

with the predominant, mathematical reception of Newton in France. As was 

evident in his first major publication, the translation of Stephen Hales's Vege
table Statics (1727; Fr. trans., 1735), one of the most adamant texts of English 

experimental Newtonianism, Buffon adopted this Anglo-Dutch approach 
far more wholeheartedly than other French interpreters of Newton.I05 As he 
put it in the preface to his translation of Hales, the work was excellent pre

cisely because it was "only experiment and observation;' and "experiments 

must be sought and systems feared.'' To be sure, the goal of natural science 
was systematic knowledge, but "the system of nature perhaps is dependent 
on several principles . . .  unknown to us, and their combination is [also] un
known.'noa That was not what the Paris Academy wanted to hear-not even 
French Newtonians. As J. B. Shank puts it aptly, "the other French Newto

nians inside the Royal Academy[,] Maupertuis and Clairaut, for example, 

were anything but English-style experimental philosophers.''107 
In this context it is useful to considerThierry Hoquet's rather reckless es

say "History without Time: Buffon's Natural History as a Nonmathematical 
Physique.'nos Let me specify why I have termed Hoquet's essay "reckless.'' 

First and foremost is his insistence that Buffon was not a Newtonian. In the 
abstract of his essay Hoquet asserts: "Buffon never claimed to be a Newto-
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nian and should not be considered as such!'109 In the body of the essay he 
elaborates: "if Buffon himself is expected to be a Newtonian, his physique 
should be mathematical:mo Hence, for Hoquet, physique without math sig
nified Buffon without Newton.111 This is a shockingly crude appreciation 
of the meaning of "Newtonianism" in the eighteenth century, on whose di
versity there is by now a vast and compelling literature.112 It ignores grossly 

the tradition that began with Newton's Opticks, the prime vein for a non
mathematical physique, as many, starting with Cohen's Frank/in and Newton, 
have amply demonstrated.113 Above all, Hoquet's view excludes perempto

rily the very idea of an experimental Newtonianism, which, particularly as 
Shirley Roe developed it with specific reference to Albrecht von Hailer, can 
be discriminated as perhaps the most important development in the natural 

sciences in the eighteenth century.114 I take this European impulse as sa
lient and, most pertinently, Buffon's project as an exemplary instance, fos
tering a veritable paradigm shift in the second half of the eighteenth cen

tury. Experimental Newtonianism in continental European thought is just 
what Hoquet terms "nonmathematical physique." Hoquet himself registers 
an ensemble of experimental Newtonians-'sGravesande, Cramer, Buffon, 

Musschenbroek-and this discursive community is central to my recon
struction.115 He makes another important point in suggesting that the "Epi
curean" tradition provided significant resources for this nonmathematical 
physique. At the same time, as he makes clear, this brought with it a very 
dangerous ideological connotation of "materialism" and "irreligion!m6 

So, what was nonmathematical physique? Hoquet gets this exactly right: 
nonmathematical physique, in the French eighteenth-century context, was 
essentially the concern to identify and explicate "the number of forces op

erating in nature!'117 Above all, nonmathematical physique was intended to 

be "real physique;' that is, an explanation of nature, not merely a catalog of 
its objects.118 "The avowed goal of Buffon's Histoire nature/le was to pres
ent a real natural philosophy[,] . . .  'to raise [natural history] to something 
greater."'119 Buffon's preface to the Histoire nature/le called for an interpre
tation of nature, as Diderot properly understood and embraced.U0 By el
evating the place of interpretation or theory construction in natural history, 

Buffon wanted both to redefine natural history and to diversify natural phi
losophy. He insisted that natural history not be content to remain merely a 
"science of describing" but rather take on the aspect of interpretation, to be
come physique (i.e., explanatory science), by aggressively pursuing aspects of 
induction and analogy that Bacon had adumbrated in the Novum Organum. 
Natural history should become part of natural philosophy, or more precisely 
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a natural science if its own: "we must try to raise ourselves to something 
greater and still more worthy of our efforts, namely: the combination of ob
servations, the generalization of facts, linking them together by the power 
of analogies, and the effort to arrive at a high degree of knowledge.'1121 

Buffon did not propose reducing natural history or experimental philos
ophy to mathematical physics. On the contrary, "the true goal of experimen
tal physics is . . .  to experiment with all things which we are not able to mea
sure by mathematics, all the effects of which we do not yet know the causes, 
and all the properties whose circumstances we do not know. That alone 
can lead us to new discoveries, whereas the demonstration of mathematical 
effects will never show us anything except what we already know."'22 By 
arguing that mathematical truths were "only truths of definition," Buffon 
drew a drastic line between mental models and physical actuality. "Mathe
matical truth is thus reduced to the identity of ideas, and has nothing of the 
real about it.'"23 While it was elegant and self-evident, mathematical rea
soning remained abstract, and "there is no more in that science than what 
we have put into it.'"24 This was to break radically from a dominant vein of 
natural philosophy emanating out of the seventeenth century, whether Car
tesian or Newtonian, which embraced the mathematical approach.125 

One of Buffon's crucial interventions was to claim that the sciences were 
utterly plural; there could be no one all-encompassingphysique. Everything 
then hinged on how natural philosophers parceled out the domains of in
quiry and theorized their delimited claims. The division between mathe
matical and nonmathematical physique cannot simply be mapped onto that 
between natural philosophy and natural history. There were crucial over
laps. That is why I find more promise in the notion of experimental Newtoni
anism. Buffon's scope for his version of natural history was quite ample vis
a-vis traditional natural history. He concerned himself with the formation 
of the planets, the development of the earth, and the history of life-forms, 
opening a (quite wide) space for nonmathematical physique. But he aimed, 
to say it again, to make of this a distinct field of natural philosophy. 

Hoquet notes that the title of Buffon's work defied expectations; readers 
were expecting a catalog of the Jardin du Roi; instead they got natural philos
ophy.126 Yet Buffon called his text "natural history;' so Hoquet accuses Buf
fon of "cheating" by using that title.127 (Reckless, again!) Hoquet asks why 
Buffon "disguised" his project: why didn't he simply call the work "natural 
philosophy," since that was what he intended?128 The question is in a mea
sure mal posee. Instead, we should note the immediate and persistent alle
gation that Buffon was not entitled to be a natural historian.'29 He was dis-
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paraged as either (or simultaneously) a speculative (and/)or a popularizing 
"stylist!'I30 This effort to write Buffon off as an entertainer, a stylist, but not 
a researcher of substance, began with the first reviews of the Histoire na

ture/le. These alleged that Buffon wrote for the salons, for the ladies: that va
lets found him more interesting than scholars did. This was simply not true, 
in terms of either the reception or the intention of the work, and its monu
mental success gave the contention the lie.131 

The adoption of experimental philosophy in explicit opposition to 
mathematical physics was the decisive theoretical basis upon which the 
autonomy of the life sciences had to be founded. Buffon was central in pro
moting a "fundamental break of this group of sciences, and of philosophy 
more generally, away from the physicists' paradigm of seventeenth-century 
science!' That is, "quality, process, historicity and concreteness are elevated 
in [Buffon's view] above mathematical abstraction, quantification, mecha
nism and rigorous, deductive analysis!m2 

For Buffon this methodological approach brought up crucial issues in the 
conception of natural inquiry. "The manner of properly conducting one's 
mind in the sciences is yet to be found," he argued, and that raised "the 
most delicate and the most important point in the study of the sciences: to 
know how to distinguish what is real in a subject from what we arbitrarily 
put there in considering it!'133 What natural science sought was "physical 
truths}' and these always "depend only on facts}' that is, on observation and 
experience. "One goes from definition to definition in the abstract sciences, 
but one proceeds from observation to observation in the real sciences."134 
To be sure, this science of the concrete or real was limited. While one might 
presume "there is a kind of order and uniformity throughout nature," Buf
fon observed, "all that is given to us is to perceive certain particular effects, 
to compare these with each other, to combine them, and, finally, to recog
nize therein more of an order appropriate to our own nature"-that is, in 
conformity with our own finite rationality.135 We are "obliged to admit that 
causes are and always will be unknown to us, because our senses, them
selves being the effect of causes of which we have no knowledge, can give 
us ideas only of effects and never of causes!'I36 At best we can attain "only 
a probability!' However, "frequent repetition and an uninterrupted succes
sion of the same occurrences constitute the essence of [physical] truth," a 
"probability so great that it is equivalent to certitude!m7 

Buffon insisted that it would be "impossible to establish one general sys
tem, one perfect method, not only for the whole of natural history, but even 
for one of its branches."138 This very ambition was a "metaphysical error;' 
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because "nature proceeds by unknown gradations, and, consequently, it is 
impossible to describe her with full accuracy by such divisions, since she 
passes from one species to another, and often from one genus to another, 
by inseparable nuances."139 The artificial regularities of human logics, and 
the determinacy of the categories of any human ordering schematic, can
not map accurately the prolific dispersion realized by nature. Working from 
one or even several indicative parts of any natural entity will always fail to 
capture all the nuances compounded in such a natural product or exhaust 
its relations with all others. Thus, Buffon concluded, classification schemes 
"should be used only as systems of artificial signs[,] . . .  ·only arbitrary con
nections;' serviceable for finite human discourse.140 

Articulating this shifting conception at the point of maximal perplex
ity between a conceptual and a causal continuity, Buffon challenged the 
abstract classificatory scheme of Linnaeus, demanding a methodologically 
more defensible empirical connection to actual particulars. He disparaged 
Linnaeus unremittingly for the formalism of his classification systems, and 
especially for building his system on one specific feature of plant life, the 
system of reproduction.141 Then he went on: "the systems which have been 
devised for animals are even more defective than the systems of botany!'142 
By contrast, he asserted, a "true method" would "involve the complete de
scription and exact history of each particular thing.m43 

Buffon proposed that an empirical approximation of his ideal would be
gin with the detailed description of the particulars of a given organism -not 
only its external features but also its internal functions, though he added 
that "it would be foreign to the purposes of natural history to enter into 
very detailed anatomical examination," which should be reserved to a sepa
rate treatment in "comparative anatomy.m44 After such a detailed descrip
tion, Buffon continued, a proper natural history must offer a history-not 
only of the individual organism but of its species. This practice, as executed 
in the Histoire nature/le, would be "general and particular" as the title had 
it: systematic (i.e., aimed at comprehensive coverage) but not system building 
(i.e., explaining everything from a single principle or set of principles).145 
In this systematic approach, he indicated that there were some obvious 
and essential procedural principles. First, he argued, there must be a dis
crimination between organic and inorganic matter. Second, there must be 
a discrimination of plants from animals. This engendered the traditional 
tripartite schema of mineral, vegetable, animal, which natural histories had 
employed since antiquity. Buffon then suggested that environment consti
tuted the next obvious ordering principle: earth, air, and water established 
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habitats whereby organisms were differentiated. But Buffon was not inter
ested in any abstract schema; he insisted that the perspective of the inquiry 
was always human. Man was the measure insofar as proximity-both spa
tial and morphological-and usefulness to the human drove the interest of 
inquiry. For Buffon, natural history was always from the vantage of man 
and for the purposes of man. More, he came increasingly to believe that 
man could and needed to intervene in nature to impose order beyond what 
it provided in itself.146 

Buffon maintained that "the question [of biological species] is onto
logical and not simply criteria!?' in the words of Phillip Sloan.147 Buffon "re
quired a literal material continuity of forms in relation of true generation 
of like by like in historical time."148 That is, Buffon's entire enterprise was 
to "achieve some kind of immanent, connected understanding of [actual] 
phenomena," and "[t]he recurrence of the empirical particular organism, 
perpetuating itself by the 'eternal round' of generation, could satisfy, at least 
qualitatively, the necessary conditions for this calculus of physical truth!'149 
He wrote: "it is possible to descend by almost imperceptible degrees from 
the most perfect creature to the most formless matter; from the most per
fectly organized animal to the most inert [brut] matter!nso Essentially, Sloan 
infers, Buffon represented an "opening to true historicity in the concept of 
species.m51 Accordingly, "whereas preformationism had rendered the rela
tions of organisms purely occasional, Buffon's theory, relying on the im
manent continuity of the moules interieures and the molecules organiques, re
quired a literal material continuity of forms in relation of true generation 
of like by like in historical time.m52 Thus, "natural history" shifted from a 
descriptive-classificatory pursuit to a genealogical-causal one. The "law of 
continuity" in its Leibnizian derivation, and the even older notion of the 
"great chain of being?' came to be reinterpreted in terms of a dynamism 
that was altogether new. Arthur Lovejoy calls it the "temporalization of the 
great chain of being?' the shift from a mere classificatory schema to a postu
lation of relation and development.153 

We best do justice to the "Buffonian revolution" if we link it not only 
with experimental Newtonianism and nonmathematical physique but with 
vital materialism, or adamant naturalism in inquiry into nature. Particular 
formulations in Buffon expressed his own personal style and cultural pref
erences, but he was articulating views congenial to a new range of natural
ist practices that would emerge as special sciences with methodologies and 
theoretical concerns of their own. Lyon and Sloan offer a rich conspectus 
of such emerging fields: "Studies of plant and animal distribution patterns 
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in relation to geographical change, historical cosmology and geology, the 
renewed interest in the descriptive study of the stages of embryological de
velopment, the conceptualization of comparative anatomy, studies on plant 
and animal hybridization, all begin to take shape as discrete disciplines, 
narrowing their focus, sharpening their inquiries!n54 Taken together, these 
led to the gestation of biology over the balance of the eighteenth century, 
especially as German thinkers elaborated them. 

T H E  " W A R "  O V E R  N A T U R A L  H I S T O RY :  

B U F F O N  V E R S U S  R E A U M U R  

Buffon clearly aimed his title and his text against the prevailing form of 
natural history in France: the practices of Rene-Antoine Ferchault de Reau
mur and his school.155 He despised the thorough imbrication of traditional 
natural history with physicotheology, as in the work of Abbe Noel-Antoine 
Pluche (1688-1761).156 He meant to extricate natural history-and, all the 
more, natural philosophy-from this preoccupation with "insect theol
ogy;' that is, the marvels of the invertebrate world as token of divine provi
dence.157 His audience got that clearly. Reaumur's key disciple, Joseph Le
large de Lignac, made that the centerpiece of his denunciation, Lettres a un 
Ameriquain (Letters to an American; 1751ff.).158 It was also a central provo
cation for Charles Bonnet and Abraham Trembley, two of Reaumur's true 
believers. They all saw Buffon as "Epicurean;' in the sense of materialistic
atheistic, but also in the sense of the despised "spirit of system."159 By con
trast, just what they decried Diderot and the party of the Encyclopedie cele
brated.I60 Diderot adopted the phrase "interpretation of nature" from Bacon 
to describe and advocate the new nonmathematical physique he identified 
with Buffon. 

The tension between Reaumur and Buffon is well known, yet it bears 
revisiting, if only to set the stage for what followed.161 They represented 
competing visions for the future of natural history.162 Their rivalry gener
ated a remarkable theoretical disputation between their two "parties" con
cerning its character and purpose, and those of natural philosophy more 
generally.I63 In the public sphere, this was complemented somewhat far
cically by the scandalous pronouncements of La Mettrie and the outraged 
protestations of Haller.164 Mediated significantly by Maupertuis, on the one 
side, and the Swiss pair of Haller and Bonnet, on the other, the factional 
war would have a decisive influence on the self-conception of German life 
science for the second half of the eighteenth century. 
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What neither faction disputed was the revolutionary significance of the 
experimental discoveries ofTrembley and Bonnet for life science.165 While 
the experiments of Buffon and John Needham stirred intense interest as 
well, for a time their infelicities put a significant damper on the epigenetic 
movement with which they were identified.166 But no one could dispute the 
polyp and its staggering implications.167 The extravagant language in which 
the Paris Academy couched its announcement of Trembley's discovery, re
plete with grandiose classical allusions and a sense of radical rupture, gives 
a sense of the amazement that was felt, extending well beyond expert scien
tific circles.168 The widely debated question of the "animal-plant'' originally 
stimulated Trembley's investigation of the unobtrusive litde green hydra 
in his windowsill specimen jar.169 He had presumed, especially because of 
their color, that these were plants.170 But observation of their movement 
around the jar toward the light began to draw him to the opposite conclu
sion. Trembley concluded that the "polyp" was simply an animal, and per
haps the simplest of animais.171 But he then established experimentally that 
these animals had capacities for regeneration, reproduction, and hybridity 
that surpassed any notion of animality currendy under consideration. What 
made Trembley's experimental observations epochal was their theoretical 
implications.172 Georges Cuvier later claimed that Trembley "changed, so to 
speak, all the ideas that had been entertained about the physiological anat
omy of animals."I73 

What might have been a gracious generational transfer took on the edge 
of contestation because Buffon did not hesitate to employ the resources of 
the new public sphere of the philosophes, including ridicule, to achieve the 
displacement of what Reaumur represented.l74 Buffon wished to promote 
a very different agenda for natural history. He pressed for an unrelenting 
naturalism-that is, the exclusion of "the moral, the theological and the 
metaphysical" from natural-scientific practices. Above all, one had to "get 
beyond 'the hand of God' as much as possible" in conducting scientific in
quiry.175 At the same time, Buffon pressed for the elevation of natural his
tory into a natural science-an explanatory and generalizing set of knowl
edge claims. In both regards, he took Reaumur to stand for everything he 
wished to dispel. 

Still under the sway of an exclusively descriptive conception of its prac
tice and presented with unheard-of novelties crying out for such descrip
tion by the revelation of the microscopic world of life-forms, natural history 
from 1650 to 1750 maintained as its consummate ideal simply to recognize 
and characterize with austere precision the features and the behaviors of 
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these new organisms. Moreover, a Baconian fervor to avoid leaping to pre
mature generalizations-epitomized in the Newtonian conceit of "feigning 

no hypotheses"- disparaged the failings of /'esprit de sysfeme (Cartesian
ism) in many facets of natural science. Hoquet has given us a rich backdrop 
for this conflict by juxtaposing the approaches of Claude Perrault (1613-
88) and Pierre-Sylvain Regis (1632 -1707) at the close of the seventeenth 
century.176 While Perrault represented the epistemological modesty of the 
Baconian program and thus "historical" knowledge, the patient accumu
lation of empirical data, Regis represented the "spirit of system;' the ambi
tion for a comprehensive theoretical structure of knowledge, a unified sys
tem of physics, inspired by Descartes. As Hoquet observes, "The dichotomy 
between the historical and the philosophical translated into the two com
peting literary forms: the memoir (or essay) and the system!'177 

When, with the first volumes of Histoire nature/le in 1749, Buffon made 
to seize the leadership of natural history in France, Reaumur mobilized his 
party to attack Buffon with all the vehemence and scientific authority he 
could muster. Reaumur identified entirely with the stance of abstemious 
empiricism, and he and his followers construed any departure from that 
stance as a fall into the pernicious "spirit of system." They propounded an 
almost blind denunciation of any generalization or hypothetical synthesis as 
"system"-that is, as excessive speculation or imaginative proj ection.178 Per
vasive within this adamance was a strong commitment to a religious func
tion for science: physicotheology, or the discovery of God's hand everywhere 
and as the only possible explanation for observed data. This was a center
piece of Reaumur's approach, and it animated the denunciations of Buffon 
and the philosophes as "Epicureans" by his spokesman, Lelarge de Lignac. 
Reaumur, Bonnet, and their camp indiscriminately lumped Buffon with the 
Encyclopedists and all of them with "materialism,'' indeed atheism.I79 As 
Hoquet aptly observes, de Lignac "addresses neither the set of texts of Buf
fon, nor those of the historical Epicurus, but rather lumps together a cast 
of figures in which Buffon is detached from all his orthodox professions 
and where Epicurus becomes the representative of a physics without God, 
governed by no Providence!'180 In their fierce antipathy, the disciples of 
Reaumur construed Buffon and Diderot as "Epicureans,'' just as they con
strued the philosophes as a coterie of esprits forts deeply threatening to the 
traditional fabric of French culture. These partisans welcomed the success
ful parody by Charles Palissot, Les philosophes of 1760, and they embraced 
the slur cacouac to characterize these philosophes.181 This partisan rhetoric 
proved highly congenial to the Swiss alliance of Hailer and Bonnet as well, 
with important implications for the German reception of the dispute. 
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Rhetorical disparagement of all theoretical induction became the hob
byhorse of the Reaumur school of natural history, and the key target was 
Buffon's approach. In these circles the "art of observation" in fact came to 
be invoked against Buffon. In a famous essay submitted originally to a prize 
competition sponsored by the Haarlem Society of the Sciences, the Genevan 
Jean Senebier (1742-1809) celebrated Charles Bonnet as his model for the 
"art of observation," construing this as the preeminent style of inquiry for 
the naturalist of the eighteenth century.182 Bonnet himself had proposed 
the competition topic ("How the art of observation might contribute to the 
perfection of the mind") upon his election to the Haarlem society.l83 Sene
bier had been inspired by Bonnet's writings on the art of observation start
ing with the publication of the latter's Essai analytique in 1760, and he re
garded Bonnet's Considerations sur les corps organises (1762) as the epitome of 
such an approach.184 In 1782 Senebier wrote to Bonnet of his admiration: 
"It was in studying you that I learned how to read from nature, and to paint 
her, but in studying you I despaired forever of resembling you; you depict 
[literally, "use a brush"] as only a Buffon, and you share alone with Reau
mur and Spallanzani the art of seeing well;nss For Bonnet and for Senebier, 
"a scholar like Reaumur understood how to bridle premature enthusiasms 
and to uphold the primacy of experience and the patience of observation 
against the coryphaeus of natural philosophy, of biophilosophy!n86 The ob
server, Senebier wrote, "regards Nature as a book, in which it is necessary 
to attempt to read the characters with rigor without presuming to imagine 
what signification they ought ultimately to have!n87 

In the key preface to his first major intervention in natural history, the 
'fraite d'insectologie (1745), Bonnet appealed to the famous quarrel of the an
cients and the modems, siding emphatically with the modems and their 
"renewal of philosophy."188 In his Considerations sur les corps organises he 
proclaimed: "How many of the marvels unknown to the sage [Augustine] 
and to the ancients have not our instruments and our methods revealed to 
us!m89 Bonnet waxed rhapsodic about the advancement of science in his 
day: "how many forces, properties, modifications of matter have revealed 
themselves to our senses, to our understanding!m9o In his major works, 
Bonnet expounded the experimental identity he encoded in the phrase "the 
art of observation." In "Reflexions sur les progres de l'histoire naturelle," 
chapter 8 of part 9 of his Contemplation de la nature (1764), Bonnet recon
structed a modern tradition of experimental science. "Consider the rapid 
progress of natural history in the last thirty years," he proclaimed. The dis
cipline had languished for centuries before being "awakened by the voice 
of Redi, animated by those of Malpighi and Swammerdam, sustained, encour-



118 C H A P T E R  F O U R  

aged, excited by that of Vallisnieri, o f  Reaumur, [and] it has dispelled the 
night of chaos, crushing the ignorance, error, prejudice that like so many 
monsters guarded the approaches to nature.m91 Above all, Reaumur, "the or
nament of France and of his century/' stood as the epitome of the "art of ob
servation;' Bonnet proclaimed.192 "I had until [reading Reaumur] observed 
only by instinct; M. de Reaumur saw to it that reflection took the place of 
instinct: he taught me to see and made me an observer.''I93 

Bonnet claimed that this progress resulted from breaking the grip of pre
mature generalization through the rigorous appeal to observation and ex
perience. "The philosophical naturalist ought, above all, to insist upon the 
exceptions to the rules that are taken to be general.'>I94 Naturalists had been 
too tempted "to judge the unknown by the known and to restrict nature 
within the narrow limits of actual knowledge.''195 But the known was not 
a good guide to the unknown.196 "Analogy, which is one of the torches of 
natural science, cannot dissipate all the shadows . . .  [and] one is left to 
grope along with the fingertips of experience."197 Thus, Bonnet pronounced 
his key methodological commitment: "natural history is the better logic.''198 
"The path of observation ought always to be preferred as more reliable."199 
"The course of a Reaumur, of a Trembley, tells us more than [philosophers 
of] the likes of [Pierre] Nicole or [Christian] Wolff.''200 Thus, "the truths of 
natural science, the fruits of observation and experiment, multiply and per
fect themselves without end.''201 By contrast, "the spirit of system gives birth 
sometimes to theories that one then forces experiments to confirm. Our cen
tury has furnished us with celebrated examples."202 Bonnet enunciated the 
fundamental conviction of the party of Reaumur in a simple disparagement 
of "those daring geniuses . . .  who invent theories before they have made 
observations."203 

Writing after Reaumur's death in 171)7, Bonnet celebrated "that great ob
server whom I will always hold so fondly in my memory.''204 To Hailer, in 
that same moment, Bonnet observed of Reaumur: "there was never a man 
who carried to a higher degree the spirit of observation.''205 Of Hailer him
self, especially after his elaborate experiments with the chicken embryo, he 
penned equally glowing comments: "M. de Hailer excels in the art of obser
vation."206 To Hailer, Bonnet wrote: "I thank you for the observations you 
have done me the honor of communicating to me. You were born to en
lighten the human race; the philosophic system builders mislead it. While 
the latter arrange nature according to their fantasy, you observe what is 
there; and I take as of greater import one of your observations than all the 
ideas of a Buffon or a Diderot.''207 
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If Reaumur, and then Hailer, stood for Bonnet as exemplars of proper 
method, of the "art of observation;' Buffon epitomized everything he op
posed.208 He considered Buffon above all a system builder, and he con
trasted Buffon with "another naturalist [physicien], one who imagines 
nothing before he sees it, and who sees nothing but what is there" (i.e., 
Reaumur).209 To those of his own party who suggested that he gave Buffon's 
system of "dreams" too much attention, Bonnet replied, "I have believed it 
appropriate to devote something to the celebrity of this dreamer and to the 
singularity of his dreams.m10 Bonnet disavowed pleasure in criticizing Buf
fon: "I respect this great writer, but I respect still more the truth."211 "It is 
with regret that I bring up again that author whose genius and whose tal
ents I admire; but I should be allowed to forewarn my readers against the 
impression, all too common, of his great celebrity. He himself admits in part 
(Hist. nat., 11, 168) that his theory preceded his experiments, and one knows 
how much the way one sees depends on the way one thinks.''212 Bonnet 
went to great lengths to make his pervasive critique of Buffon palatable to 
his readers, praising "the eloquent author of the Histoire nature/le, whom I 
have criticized with regret, and whose rare talents and sublime genius I sin
cerely admire.''213 "If nature did not make him an observer, instead she en
dowed him with the most brilliant of gifts and made him the most eloquent 
man of his century.''214 

In any event, Bonnet took very seriously the experimental work that Buf
fon reported in his texts and that N eedham had already articulated from his 
own point of view in 1747.215 In the seventh chapter of his Considerations, 
composed in 1749, Bonnet gave careful summaries of all the experiments 
Buffon reported that he had conducted with Needham and of Buffon's in
ferences from these experiments.216 He expressed serious reservations even 
in 1749, but the definitive refutations came later: based first on Hailer's ex
periments on the chicken embryo and ultimately on the experimental rep
lications, directly confuting Needham, undertaken with compelling rigor by 
Lazzaro Spallanzani (1729-99). In a note from 1778, Bonnet observed that 
Spallanzani had been able to "demonstrate the falsity of the opinions of 
the two most celebrated epigenesists of our century."217 Another note from 
1778 called the experimental reports and theoretical inferences Buffon de
veloped merely an "ingenious novel.''218 A third note from 1778 asserted that 
all the experiments Buffon reported "were badly done" and that Buffon was 
caught up by "deceiving appearances.'' The upshot, Bonnet reported with 
clear satisfaction, was that "there remains nothing, absolutely nothing for 
M. de Buffon of all the principal facts upon which he based his system.''219 
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Bonnet could then quite complacently conclude: "I leave it to informed nat
uralists to decide between the eloquent writer and those observers whom I 
have cited."220 He recommended that Buffon subject what "his fecund ge
nius was pleased to invent" to the judgment of a more "severe reason" and 
abandon it all. 221 The celebrated author would have understood more prop
erly if he had "consulted nature more than his imagination. It is beautiful 
and rich, but nature is worth still more!'222 "In general, M. de Buffon does 
not appear to possess the spirit of analysis, or if he does, his imagination has 
not let him use it in a happy manner."223 

What Bonnet could not endure in Buffon and Needham (or Mauper
tuis, the still anonymous author of Vinus physique) was the idea that matter 
should of itself generate organic life. 224 This was to hark back to the refuted 
ideas of spontaneous generation or occult properties: 

What should astonish us is to see naturalists [Physiciens] who in a century as 

enlightened as our own take up once more these errors and deploy all the force 

of their genius to persuade us that an animal forms itself like a crystal and that 

a mass of flour will transform itself into weevils [Anguilles]. They revive the oc

cult qualities that good philosophy banished from natural philosophy [la Phy

sique] . They take recourse to instincts, to forces rif attraction [forces de rapports], 

to chemical affinities, to organic molecules that are neither vegetable nor animal 

and that form by their combination [reunion] the vegetable and the animal.225 

Needham-but also Buffon-seemed to be "reviving spontaneous genera
tion [generations equivoques], the falsity of which is so well proven!'226 

Hailer's confirmations of Bonnet's commitments were particularly wel
come, and Bonnet cited a characteristically harsh judgment Hailer sent 
him in a letter dated November 8, 1767: "Count on it that M. de Buffon is 
wrong . . . .  These philosophers believe none of what we believe. They be
lieve instead everything that their imagination furnishes them in support of 
their cause!'227 In an earlier letter, Hailer set up the contrast in even balder 
terms: there were, he opined, "two classes of scientists [savans] : there are 
those who observe, often without writing; and there are those who write 
without observing . . . .  A third class is even worse: it is that of those who ob
serve badly."228 

Virginia Dawson contends that in the eighteenth century France did not 
in fact determine the scientific horizon of the rest of Europe, nor Reaumur 
that of natural history more specifically. To complement Reaumur, Daw
son points us to an essentially non-French line of filiation: "the education 
that Trembley and Bonnet received at the Academy of Calvin in Geneva 
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1and . . .  the influence of Dutch Newtonian science through 'sGravesande 
d Boerhaave, and Leibnizian ideas, possibly derived from contact with 

�er Swiss scientists."229 Crucial here is the role of Gabriel Cramer, the 
;teacher ofTrembley and Bonnet at Geneva and a major figure in European 
science and mathematics in the first half of the century.230 It was Cramer 

. who helped the young Bonnet define his pursuit in natural history, and 
�it may have been Cramer as well who guided Trembley in this direction, 
though the evidence is sparser. 231 Of great significance, Cram er was steeped 
in and devoted to the Anglo-Dutch experimental Newtonianism that, as we 
have already seen, proved crucial in the intellectual formation of Albrecht 
von Haller. 232 Cram er had visited the Netherlands and worked closely with 
'sGravesande and Boerhaave; he was also a close associate of the Bernoullis 
in Basel, from whom he received the commission to edit the key correspon
dence between Leibniz and the elder Johann Bernoulli. In Cramer we get 
further confirmation of this powerful current of experimental Newtonian
ism, especially its Dutch transmission and Swiss reception.233 But it is strik
ing that in these same years one of Cramer's most assiduous correspondents 
and admirers was Buffon.234 The circle of experimental Newtonianism, of 
which Buffon was the preeminent French exponent, seems to have been 
very tight, and Cramer seems to have been well connected on all tangents. 
This was a tradition with which Reaumur had nothing to do. 
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Taking Up the French Challenge : 
The German Response 

French philosophers have confused everything so much in their preoccu
pation with a few apparent peculiarities in animal and human nature, and 
German philosophers order most concepts of this sort more for their own 
system and according to their own perspective than with a view to avoiding 
confusions. 

H E R D E R , I772' 

The stimulus of vital materialism from France achieved maximal intensity 
around midcentury, as it penetrated to the very heart of German cultural 
life-to Berlin and its academy-in the person of Pierre-Louis Moreau de 
Maupertuis. He served as president of the Berlin Academy from 1746 until 
his death in 1759 (though he was absent from 1756 onward).2 In addition, 
closely affiliated with Maupertuis in Berlin, Julien Offray de La Mettrie fo
mented continuous outrage from 1748 to even beyond his death in 1751 
(thanks to the posthumous publication of his collected works).3 Finally, 
at just this moment came the translation and reception of Buffon's monu
mental Histoire naturelle, a phenomenon of capital importance for German 
science. 4 The confrontation of the allied views of Buffon and Maupertuis 
with those of Haller, as expressed in his various commentaries on the His
toire naturelle, took place under the glare of concern over Epicurean natural
ism and French vital materialism. 5 

My claim is that this confrontation set the research agenda for German 
life science from the early 1750s forward. One response, intensely religious, 
came from the Hamburg scholar Hermann Samuel Reimarus (1674-1768). 
Another, far more experimental and radical, came from a Berliner, Caspar 
Friedrich Wolff (1735-94). Over the 1750s Reimarus set himself to refute 
French materialism- and even the French natural history of Buffon and 
Condillac-by delving deeply into the problem of animal instinct. Haller 
found this highly congenial. 6 Concurrently, in 1759, Wolff published his dis
sertation, Cf'heoria Generationis, a pioneering achievement in German experi-
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w.ental life science, then plunged into controversy with Hailer over epigen
,&s, especially with his 'Jheorie von der Generation (1764).7 In the wake of 

this, a former member of the Halle circle of vernun.ftigen A"rzte, Johann 
August Unzer (1727-99), offered a major synthesis: Erste Grnnde einer Physi

. ,Wgie der eigentlichen thierischen Natur thierischer Korper (1771). 8 Equally sig
nificant were two philosophical uptakes in the 1770s, by Johann Gottfried 
Herder (1744-1803) and Johann Nicolaus Tetens (1736-1807). That is our 
formidable itinerary in this chapter. 

P I E R R E - L O U I S  M O R E A U  D E  M A U P E R T U I S  ( A N D  

J U L I E N  O F F RA Y  D E  L A  M E T T R I E )  I N  B E R L I N  

The Berlin Academy had already been reorganized before Maupertuis ar
rived as its new president in 1746. He persuaded the king to allow him to re
organize it yet again. He want{!d to raise the academy to the standard of the 
great academies of science he had known already in Paris and London. The 
only other really European eminence in the Berlin Academy was Leonhard 
Euler (1707-83), who had moved from his Saint Petersburg base to Berlin 
before Maupertuis arrived, but only because he mistakenly believed that 
Maupertuis had already agreed to come. The other key protagonist in the 
academy was the Berlin-Huguenot preacher and author Samuel Formey 

· (1711-97), who had assumed the important role of secretary for the acad
emy by the tinle Maupertuis arrived. Around Euler and Formey respectively 
a polarization of the academy (between "Newtonians" and "Wolffians") had 
already entrenched itself that would prove fateful for Maupertuis's tenure 
as president. 

It has long been presumed that Maupertuis was the Newtonian archen
emy of Wolff, bent on undermining the Leibniz-Wolff philosophy.9 That 
role really belongs to Euler.10 To be sure, Maupertuis sympathized with 
Newtonianism, but he tried to play a role above the fray befitting the presi
dent of the academy.U That was not simply an institutional commitment, 
however. There was a good deal of Leibniz in Maupertuis himself, perhaps 
more than he openly or even subjectively acknowledgedP The metaphys
ics that became the central preoccupation of Maupertuis by the end of the 
1740s, articulated in his Essai de cosmologie, and the life science that he devel
oped over that same period, culminating in his Systeme de la nature, have an 
unmistakably Leibnizian cast.13 

The first great controversy Maupertuis had to negotiate was already 
under way when he arrived: the famous "monads" prize competition of 
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1747. Maupertuis could neither contain nor redirect its course.14 The impe
tus had come, ultimately, from Frederick himsel£ It seemed a direct affront 
to Christian Wolff, aimed to undercut the prominence of the Leibniz-Wolff 
philosophical system, and it triggered emergent cultural-national sensitivi
ties. The newly established scholarly review journals and the wider press in 
the German lands took up the topic and made it a matter for independent 
assessment by the public (OJfentlichkeit). The issue spilled beyond the frame 
of the Berlin Academy-indeed, by the actions of its own leading members. 
The main enemy of Schulphilosophie within the academy, Euler, circum
vented the prize proceedings by publishing-anonymously for a time-a 
work of his own (printed, not so subdy, by the publisher for the king and 
the academy in Berlin) that addressed the prize topic in a resoundingly hos
tile attack on Leibniz's ideas.15 By the time his opponent in the academy, 
Formey, published a response to Euler in December 1746, it was part of a 
wider wave of German media commentary on the controversy.'6 When the 
contest winner, J. H. G. Justi, subverted the procedures of the academy still 
further by publishing his essay in his own journal, instead of awaiting offi
cial publication, and, in addition, reasserted all the anti-Leibnizian argu
ments that Euler had propounded, a new furor swept the German media. 
The academy had become an object of public judgment, its authority com
promised and its assessment of intellectual substance second-guessed. The 
outcry over the prize competition of 1747, mobilizing the new German
language public sphere, looks in many ways like a dress rehearsal for the 
dismal events of the "Koenig affair" a few years later. The story of Mauper
tuis in the 1750s has been consumed with Samuel Konig's charges of plagia
rism from Leibniz, Maupertuis's excessively authoritarian response backed 
by his king, and especially the ensuing scurrilities of VoltaireY That af
fair permanently damaged Maupertuis's reputation in Germany and across 
Europe (thanks to Voltaire). Maupertuis was hardly faultless. He chose to 
deal with Konig's charges in a peremptory manner and thus outraged the 
German public. But his achievements with the Berlin Academy have been 
overshadowed by this incident, leaving us with a false impression of the 
balance. 

There are three institutional dimensions to Maupertuis's tenure that 
deserve note, alongside his own intellectual achievements.18 The first was 
his effort to beef up the section for speculative philosophy of the academy, 
an institutional feature without parallel in the academies of science in the 
West. It was beset with mediocrity and dogmatic provincialism, so Mauper
tuis systematically sought to improve its tone, not only by actively recruit-
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ing talent from throughout Europe to bolster its ranks, with a modest suc
cess in the persons of Jean Baptiste Merian (1723-1807) and Johann Georg 
Sulzer (1720-79), but also, and more importantly, by working extensively in 
this area himsel£.19 The second institutional initiative was his aggressive re
organization and disciplining of the Collegium Medico-Chirugicum, which 
was attached to the academy and drained away substantial funding for very 
little intellectual value-added. Maupertuis recruited to Berlin one of Hailer's 
star students, the anatomist Johann Friedrich Meckel the Elder (1724-74), 
in order to revitalize the program. 20 He also brought other life scientists to 
Berlin to bolster that aspect of the academy, including a new director for the 
Berlin botanical gardens. Finally, he tried to develop standards for academic 
productivity and for scientific research by discerning and articulating the 
frontiers of inquiry of the day and defining the conduct befitting a produc
tive research scholar. 21 

One of the most interesting interventions of Maupertuis in Berlin was 
his solicitation of Frederick II's rescue of La Mettrie from the outraged au
thorities in Holland upon the publication of L'homme machine in 1747. Al
though later Maupertuis tried to lead Hailer to believe that this was the 
king's own act, without any intervention on Maupertuis's part, the evidence 
points rather to his active role in La Mettrie's relocation.22 Maupertuis was, 
sometimes uncomfortably, the longstanding patron of his countryman from 
Saint-Malo, first in Paris and then in Berlin. In Paris La Mettrie had paid 
Maupertuis the "compliment" of dedicating to him the scandalous Natural 
History of the Soul (1745). While there must have been times when Mauper
tuis rued this relation with his rowdy countryman, it is clear that he also 
supported him at crucial junctures and that he took seriously some of the 
ideas that La Mettrie dared to thrust into the public arena. 

Maupertuis had to be circumspect in his recruitment efforts with Hailer. 
That does not, however, gainsay a substantial and creative convergence 
between La Mettrie and Maupertuis concerning ideas on life science. La 
Mettrie's presence in Berlin helped stimulate this most important intellec
tual development in Maupertuis's years there. Certainly, they had numer
ous conversations, and organic form could hardly have failed to emerge as 
a point of important agreement. The very fact that La Mettrie went so far 
in print made it perhaps possible for Maupertuis to venture farther on his 
own than he might have otherwise. Indeed, David Beeson, one of the best 
scholars on Maupertuis, can discern no ultimate difference between them 
on this score, concluding that "both La Mettrie and Maupertuis seem to 
suggest that materialism is the inevitable conclusion of empiricism.m3 Both 
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L a  Mettrie and Maupertuis appeared in the German context to b e  promot
ing Epicurean materialism. At least from the vantage of its commentators 
and especially of its enemies, the "Epicurean" or "Spinozist" coterie clearly 
included the three names La Mettrie, Diderot, and Maupertuis, becoming 
extended, perhaps to his displeasure, to Buffon.24 

In 1751 or 1752 Maupertuis published what Mary Terrall describes as "a 
little Latin book, obscurely titled Dissertatio Inauguralis Metaphysica de Uni
versale Naturae systemate, purported to be by one Dr. Baumann of the Uni
versity of Erlangen.''25 Diderot read this Latin version and discussed it with 
Maupertuis in Paris in 1753, then "accused" it of Spinozism in his Pensees sur 
!'interpretation de la nature, published at the end of that year. 26 Indeed, Mau
pertuis had been accused of all this already upon the publication of Venus 
physique, in the review of that work in the Bibliotheque raisonee, 1745.27 The 
connection with Spinozism in 1753 really came as no surprise to Mauper
tuis, since his friend La Condamine had raised it in their correspondence, 
and Maupertuis himself speculated, before his contact with Diderot, that it 
was this Spinozist tinge that may have put off Buffon from responding to 
the Systeme, though he had sent him a copy personally.28 He made all the 
public gestures of disavowal of Spinozism, but those in the know were quite 
sure he did not mean it.29 

Terrall believes that Diderot's discussion in his Pensees sur !'interpretation 
de la nature prompted Maupertuis to allow a French version (probably the 
original composition, but purportedly a "translation" of the Latin) to be 
published under a new title more befitting its content: Essai sur la formation 
des corps organises (Berlin and Paris, 1754). In 1756 the text appeared in the 
new edition of Maupertuis's Oeuvres, under a more inclusive title Systeme de 
la nature: Essai sur la formation des corps organisees, together with his some
what disingenuous Reponse aux objections de M. Diderot. 

Even as Maupertuis was publishing the little "Baumann" venture, the 
first volumes of Buffon's Histoire naturelle began appearing in German 
translation. The alliance of Buffon and Maupertuis on issues in life science 
proved central for the German reception. In his work, Buffon praised the Vi

nus physique, which by 1752 was clearly known to be the work of his friend 
Maupertuis, as a pioneering study in the theory of generation.30 To make 
their common ground more apparent (and acceptable), Maupertuis pub
lished the brief essay "Lettre sur la generation des animaux" (Letter on the 
generation of animals) in his key text of 1752, the Lettres.31 This short es
say, plus the Vinus physique and the various versions of his Systeme de la 
nature, made Maupertuis the most visible spokesman in Germany for the 
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'new impulse in "natural history" that was being launched by the French 

'vital materialists. 

M A U P E RT U I S  A N D  L I F E  S C I E N C E  

Michael Hoflheimer's assessment of Maupertuis and life science concludes 
that his work, for all its empirical problems, "nonetheless marks an im
portant turning point in the history of biology!'32 The Systeme de la nature 
sought, in the words of David Beeson, "to bring the whole natural world 
within a single system," articulating a general theory of active matter and 
reconciling that with the theological and philosophical concerns of the 

day.33 As Mary Terrall maintains, in the most productive years of his life 

"Maupertuis was working on . . .  questions of the generation of organisms, 
the properties of matter, and the possibility of a science of life!'34 A single, 
blind force of attraction in the universe could not suffice to explain the dis
tinctive character of organized life-forms. "One will never explain the for
mation of a single organized body strictly by the physical properties of mat
ter!'35 On the other hand, the irreducibility of living forms to mechanism 
made the question of integrating them within a coherent theoretical frame

work all the more critical for his thought. 36 How, in short, could he draw 
the realm of organic forms into a system of nature? 

The semantic field of scientific thought in the eighteenth century was 
peculiarly divided over the notion of system. First, there was the great en
terprise of Linnaeus to develop a unified and coherent classification scheme 
for all of the natural order. His notion of System if Nature represented one 
of the crucial poles of scientific language with regard to the natural order 

and its unity, namely, system as classification. But, over against this famous 
idea of a "natural system" articulated by Linnaeus, Maupertuis introduced 
"system of nature" to signify a unified theory of natural-scientific explana
tion. Harking back to the seventeenth-century masters, he construed system 
as an integrated explanation of nature. The models, here, were Newton's ele
gant laws of celestial and terrestrial mechanics or the earlier systematiza

tion of Descartes. These, Maupertuis averred, needed to be supplemented 
both to account for the generalizations of the new chemistry and, above all, 
to take into account the enormous domain of life-forms that the mechan
ical sciences simply could not yet explicate. These two divergent notions 
of "system of nature" would operate side by side over the second half of 
the eighteenth century to shape the conception of life science. Maupertuis 
shared the view of his close friend and theoretical ally, Buffon, that what 
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was needed was nonmathematical physique. Experimental Newtonianism 
was the essence of their approach to natural inquiry. Its crucial features 
would be extensive empirical inquiry ("observation and experiment") com
bined with a demand for synthetic (theoretical) interpretation. This philos
ophy belonged to the generic domain of "natural philosophy" in the tradi
tional sense that it was concerned with explanatory regularities, but it went 
off in a quite specific direction-namely, toward "vital materialism." 

As Terrall argues, Maupertuis was engaged in "synthesizing evidence 
from anatomy, natural history, animal breeding, and travel literature" to 
propose a "theoretical model of active matter," ascribing to it "properties 
responsible for organization and heredity" and even affirming the "possi
bility of change in organic forms."37 Thus, "his challenge to preexistence 
theories went beyond anatomy and physiology to a theory of organiza
tion (on a submicroscopic scale) and a theory of heredity (on the macro
scopic scale)."38 It was a matter of empirical observation that preformation 
simply did not save the phenomena. To propose an alternative, on the other 
hand, one need not offer a definitive account, Maupertuis clainled, but only 
one with fewer difficulties than its rival. The most sensible theory was that 
"the formation of the first individuals having been miraculous, those that 
succeeded them are no more than the effects of those properties . . .  [with 
which the Creator endowed] even the smallest parts of matter."39 Extend
ing "intelligence" to matter was necessary for a scientific explanation of life
forms. "If one wishes to offer a conception about this, though it works only 
by analogy, it would seem necessary to have recourse to some principle of 
intelligence, to something similar to what we call desire, aversion, memory!'40 
Only in this way could one answer the question: by what specific mecha
nism did certain parts become eyes, and others ears?41 Thus, in embryology, 
each particle in the seminal fluid of father and mother retained "a kind of 
memory of its original placement [in the adult organism,] and it will seek 
to take it up again as often as it can to form the same part in the fetus."42 
This language of desire, aversion, and memory was intentionally analogi
cal and metaphorical. Maupertuis offered, as an alternative, a language of 
"instinct!'43 He was even prepared to surrender all the metaphors, so long 
as the phenomena he had identified received the scientific attention they 
merited, which meant that a mechanistic physics could not suffice. 44 Mau
pertuis argued that his new hypothesis escaped all the difficulties that had 
beset preformation: "resemblance to [both] parents, the production of mon
sters, the birth of hybrids, all this is simply explained!'45 

The Essai de cosmologie contained two passages of extraordinary signifi-
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cance for his thoughts about organic forms. In the first passage, Maupertuis 
offered a remarkable conjecture: 

Yet could one not say that in the chance combination of natural products, given 
all that present themselves possess a certain aptness [convenance] enabling them 
to survive [subsister], it is no marvel that such aptness is to be found in all the 
species that actually exist? Chance, one might say, had produced a numberless 
multitude of individuals; [only] a small number found themselves constructed 
in a manner that the parts of the animal could satisfy its needs; in another, in
finitely larger number, there was neither aptness nor order: all these last have 
perished; animals without mouths cannot live; others which lacked reproduc
tive organs could not perpetuate themselves: the only ones that remain are 
those where order and aptness happened to arise, and these species which we 
see around us today are but the smallest part of that which a blind destiny 
produced. 46 

The second passage, from late in the third part of the Essai, reflected on 
speculation that collision with a comet might have been responsible for 
the Deluge. Maupertuis stressed the epistemological frailty of man, which 
would be particularly exacerbated by such a catastrophe: 

Before, all the species would have formed a sequence of beings which would, 
in a manner of speaking, be little more than the contiguous parts of one single 
whole: each one linked to its neighboring species from which it would dif
fer only by insensible nuances, thus forming a mutual communication which 
would extend from the first to the last. But once this chain is broken, the spe
cies we could know only by the mediation of those which had been destroyed 
would have become incomprehensible to us: we live, perhaps, amid an infin
ity of such beings of which we can discover neither the nature nor even the 
existence.47 

Even among the species we did observe, we would be deprived of any pat
tern of order to comprehend them. "Each species in isolation cannot com
plement nor help understand the others: the majority of beings would ap
pear to us like monsters and we would find nothing but obscurity in our 
judgments."48 The evidence from fossil geology, he suggested, made this 
dread much more vivid, for it demonstrated drastic change in the history of 
the earth. 49 

Reflecting again on catastrophe theories in geology in his Systeme de la 
nature, Maupertuis speculated that with any such catastrophe, "new unions 
of elements, new animals, new plants, or things utterly unprecedented" 
might well ensue. 5° Indeed, Maupertuis picked up the thread of the argu-
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ment from chance for the variety of species and situated it in this general 
theory of dynamism in nature: 

Might one not explain in this manner how from a mere pair of individuals the 

multiplication of the most diverse species might have ensued? They will not 

have owed their initial formation to anything more than random productions, 

in which the elementary particles did not maintain the order that prevailed in 

the male and female parents; each degree of error will have created a new spe

cies, and as a result of repeated deviations there will have arisen the infinite 

diversity of animals which we see today, which may grow further with the pass

ing of time, but to which the passage of centuries may [just as well] supply only 

the most imperceptible augmentations. 51 

What was Maupertuis's ultimate position? Maupertuis conceived "a dy
namic nature full of changing forms."52 The challenge was to establish 
the laws governing the process of change. Thus, Maupertuis "made activ
ity fundamental to matter" even as he "historicized the problem of orga
nization."53 Generation should be construed as part of a universal dyna
mism of nature, advancing to higher and higher degrees of organization 
from inanimate matter to living organisms to man.54 He found evidence 
of this self-formative capacity in mineral crystallization, as in the "tree of 
Diana."55 He conjectured that in the early phases of the formation of the 
earth, the globe had a fluid surface in which all elements floated freely. 
The least active elements eventually gave form to metal and stone, while 
the most active emerged as animals and man.56 This plasticity persisted. 
He concluded that plants and even crystals exhibited some elements of the 
self-organization that he discerned definitively in animal sexual reproduc
tion, and accordingly he offered the prospect of a unified theory of natural 
process. 57 Maupertuis wove chance and lawfulness together into a theory of 
process and emergence; his was a distincdy naturalist and historicist philos
ophy of nature. 58 He propounded boldly a theory of active matter, of "vital 
materialism." It was materialism, in that it imputed to nature the power of 
self-formation.59 But it was vital in that it recognized that the mechani
cal principles of physics did not suffice to account for the phenomenon. 60 

In a word, he set out to establish a plausible theory of hylozoism. 61 We can 
scarcely conceive a more revolutionary agenda in life science at the middle 
of the eighteenth century. 62 It made the dramatic paradigm shift shared 
with contemporary writings of La Mettrie, Buffon, Diderot, and the school 
of Montpellier all the more salient for a German academic audience con
cerned with the questions of life science. That German audience was caught 
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:up at the very moment with the translation of Buffon's monumental His
\ftlire nature/le into German, especially under the influence of Albrecht von 

. Hailer's reception of that text. 

A L B R E C H T  V O N  H A L L E R  A N D  T H E  T RA N S L A T I O N  

O F  B U F F O N ' S  H I S 'I' O I R E  NA 'I' UR E L L E  

Hailer played a prominent role in the publication of the German Buffon 
translation by providing introductions to the first two volumes, though he 
did not himself translate any part of the work.63 The project was conceived 
and executed by scholars primarily at the University of Leipzig but was 
published in Hamburg. 64 Hailer was in contact both with the publisher and 
likely translator, Berthold Joachim Zinck (1718-55), and with the super
vising editor and commentator, Abraham Gotthelf Kastner (1719-1800).65 
He clearly believed in the venture and promoted it in glowing terms via 
his review in the Giittingische Gelehrten Anzeigen (GGA).66 It was Zinck who 
persuaded Hailer to provide the introductory matter. Hailer composed an 
original work as the preface for the opening volume of the translation. The 
preface to the second volume was, in fact, a work that he had published 
in the interval in French but that Zinck was able to induce him to reprint 
in German in slightly altered form. 67 That Hailer had already commented 
extensively in French showed how closely he was following the debates 
around the issue of generation in France. 68 

The Buffon translation venture proved a great success in general, and 
Hailer clearly benefited from the publicity surrounding his two prefaces 
for the project. Although he played no further direct role in the enterprise, 
he provided a frame in which Germans would read the Histoire naturelle.69 
He had established himself as the leading life scientist in Germany, not 
only with his edition of Boerhaave but with his own First Lines of Physiology 
(1747). More, he had become one of Germany's decisive intellectual arbi
ters, especially once he took control of GGA in that same year. That made his 
commentaries on the Buffon translation salient. 

That Hailer took so active a role in the Buffon project signals several 
issues of personal concern. First, Hailer used the prominent venue of the 
Buffon translation to articulate before the German naturalist community his 
clearest statement of what I have been calling "experimental Newtonian
ism." Hence, the first preface was frequently reprinted under a general title, 
"On Hypothesis," as a contribution to the general methodology of natural 
philosophy, not as something tied specifically to Buffon/0 It discussed Buf-
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fon direcdy only toward the end, and really only as an illustration of the 
general argument about research method that Haller had been developing 
at length, which signals that Hailer's personal agenda in this preface went 
beyond introducing Buffon. 71 To be sure, he noted that Buffon had pro
duced a "great and magnificent work;' but he added quite pointedly that 
"the author always goes somewhat further than his information, experi
ments, and insight."72 

That brings us to a second issue: Haller's intense reevaluation of his own 
orientation to the problem of generation. He could no longer subscribe to 
his mentor Boerhaave's spermist version of preformation. Clearly, Haller 
knew all about the Trembley experiments with freshwater hydra and their 
disruptive implications.73 Moreover, he was attuned to all the criticisms em
anating from the French scene (e.g., Maupertuis's anonymous Vinus phy
sique) that put preformation, ovist as well as spermist, in question. He was, 
for a time, drawn to epigenesis.74 The Needham-Buffon experiments of the 
late 1740s represented the most important European endeavor to justify epi
genesis, and Hailer-like his future ally Bonnet-devoted very close atten
tion to the results and their various interpretations.75 "Whatever kind of hy
pothesis Mr. de Buffon may make, the experiments maintain their value.''76 
It seems Hailer had hoped for something more definitive on the question 
than he believed Buffon's proposal actually provided. Buffon proposed to 
derive from these experiments "nothing less than a total overthrow of the 
generally accepted opinion" favoring preformation. In Buffon's version, 
"nature herself enjoys the right of forming herself, of organizing herself, 
and of passing freely from the inanimate state to that of a plant, or that of 
an animal.'m Haller disagreed; "matter may tend toward certain configura
tions without having thereby the power to do so of itself.'' That is, while it 
was driven by forces, it could not itself account for them: "these qualities 
are not part of the essence of matter. They are alien to it . . . .  A first cause has 
thus dispensed to the various classes of matter powers and forces calculated 
according to a general plan.''78 Divine providence was essential, and that 
led Haller back to preformation. His conclusion was: "After having granted 
everything to Mr. de Buffon, do we still not need a directive intelligence, in 
order to place the organic particles appropriately . . .  ?"79 That is, "Mr. de 
Buffon needs a force which has foresight, which can make a choice, which 
has a goal, which, against all the laws of blind combination, always and un
failingly brings about the same end.''80 

A third important issue for Haller was Buffon's disparagement of the tax
onomical approach of Linnaeus. That Linnaeus had been one of his earliest 
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supporters was not lost on Hailer. He was still corresponding with Linnaeus 
and actively publishing in botany. He informed Linnaeus of his decision to 
concentrate foremost on anatomy only in 1747, as we have seen.81 Moreover, 
he respected the Linnaean endeavor, considering the possibility of any bo
tanical research utterly dependent upon a classificatory system to navigate 
the bewildering profusion of plant life. 82 The acerbity of Buffon's treatment 
ofLinnaeus struck Hailer (and the rest of the German research community) 
as gratuitous. 83 

Finally, Haller took careful note of the Sorbonne's alarm over the reli
gious propriety of the Histoire nature/le. Interestingly, in the commentar
ies of 1750-51 Haller defended Buffon, not only on general methodological 
grounds ("the truth does not know how to be impious") but also in terms of 
Buffon's personal intentions: "I do not believe that the theory of Mr. de Buf
fon tends toward such evil ends."84 "Is this system dangerous ? Is it in the 
interest of religion that it should turn out not to be true? Ought a book be 
suppressed which proposes such systems?"85 Certainly, Hailer knew of such 
fear for religion, "but is this fear founded, and would faith be lost if from ex
perience we were to grant productive forces [bauenden Krafte] to Nature? . . .  
I am without fear in this matter!'86 There was one notable exception, how
ever: the first segment of the Bibliotheque raisonee review expressed very 
strong objections concerning Buffon's theory of the earth.87 Hailer upheld 
a strictly biblical sense of time, strikingly out of step with the state of re
search in emergent geology. 88 At least these hypotheses introduced by Buf
fon aroused his deep religious commitments. 

While, already in 1750, Hailer was obviously hostile to "freethinkers" of 
the stripe of La Mettrie, he did not wish to extend this suspicion to Buffon 
(or even, at least overtly, to Maupertuis). In these very years Hailer was in
volved in extensive negotiations with Maupertuis about joining the Berlin 
Academy. His loathing for La Mettrie made him reluctant to move to Ber
lin, even after the death of his flippant foe, yet there is no evidence in these 
negotiations that Hailer took Maupertuis for a dangerous freethinker. It ap
pears that, for Haller, Buffon did not merit such suspicion either, though 
de Lignac made that the essence of his 1751 polemic against Buffon, Letters 
to an American, with which we can be sure that Hailer was quite familiar. 89 

Hailer's attitude changed dramatically, however, by the mid-1750s. One 
source of this shift may well have been his move back to Switzerland (1753) 
and his new association with Charles Bonnet, especially upon receipt (1754) 
of the latter's defense of preformation, which appealed to Haller both sci
entifically and religiously. But another source was the publication of a key 
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work by Hermann Samuel Reimarus (1754) that clearly implicated Buffon 
in the threat of Epicurean naturalism. The GGA published two very exten
sive review essays on Reimarus's work (in all likelihood by Hailer), which 
celebrated it precisely for sounding the alarm over the threat of Epicurean 
naturalism-not just from the scandalous La Mettrie but from Maupertuis 
and Buff on as well. 9° 

H E R M A N N  R E I M A R U S  A N D  

" E P I C U R E A N "  L I F E  S C I E N C E  

In 1754 Reimarus published Die vornehmsten Wahrheiten der natiirlichen Re
ligion. 91 Kant regarded it as the foremost effort regarding natural religion to 
appear in Germany. 92 It would be followed by two other major works before 
the close of the decade: Vernuriftlehre (1756) and Allgemeine Betrachtungen 
iiber die '1riebe der '1hiere, hauptsiichlich iiber ihre Kunsttriebe (1760 ). The three 
works showed two crucial aspects of German life science of the day: first, 
a sharp alarm over the propagation of a "materialism" of distinctly French 
origin; and, second, a fascination with the question of animal instinct, piv
oting on the question of the animal/human boundary in terms of the long
standing debate over the "animal soul!'93 

French materialism and Freidenkerei elicited concerns all over Europe, 
but particularly in Germany, about the relation of the human mind and soul 
to animal life. Animal behavior was a central issue in the mid-eighteenth 
century, pivoting around the unpleasant contention that if animals were 
machines, then humans had to be as well: a position very few, if any, think
ers of the epoch could countenance.94 Hence, the contrapositive had to be 
explored: if humans were not machines, then neither were animals. But 
then, what were they? And how could they be explained? The questions di
vided the intellectual community between those who believed that natural 
science could provide this explanation and those who believed that only a 
supernatural recourse was possible. Certainly, Reimarus embraced the latter 
view. By contrast, it was the thrust of the French vital materialists to uphold 
the former position. 

In the preface to the Vornehmsten Wahrheiten, Reimarus articulated a key 
provocation for his work: "not without distaste have I observed that in the 
last few years a very unusual group of small writings, for the most part 
in the French language, have been spread about the world, in which not 
just Christianity but far more all natural religion and morality are mocked 
and attacked." For Reimarus, the calling of philosophy was to debunk such 
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"contemporary freethinking [jetzigen Freydenkerey]."95 In a two-part ar
ticle published in 1974,]ulian jaynes and William Woodward construe Vor
nehmsten Wahrheiten as a rebuttal to the "Epicureans;' or materialists. Re
vealingly, having worked with the English translation (1768), they did not 
realize that the subtitle attached to the English version was the invention 
of the translator, not Reimarus himself. 96 That subtitle was extraordinary. It 
read: "Wherein the objections of Lucretius, Buffon, Maupertuis, Rousseau, 
La Mettrie, and other ancient and modern followers of Epicurus are consid
ered, and their doctrines refuted."97 Reimarus was appalled at this liberty, 
alleging, in a letter to the London Monthy Review, that the translator had no 
call to include Buffon, Maupertuis, and Rousseau among the followers of 
Epicurus.98 Though he disagreed with Buffon and Maupertuis (the case of 
Rousseau is less relevant here), Reimarus denied that he presented them as 
Epicureans.99 The translator, Richard Wynne, replied: "I frankly confess, I 
added the words in question to the title; but . . .  I had good reason for insert
ing them!' According to Wynne, Reimarus did treat Buffon and Maupertuis 
as Epicureans, whether he wished to admit it or not.100 He turned the query 
back on Reimarus: "How came you to tax the gentlemen above mentioned 
(I own not unjustly) with maintaining the principal opinions of Epicurus 
and Lucretius, and rank them with La Mettrie?"101 

Freethinking Epicureans were indeed the obsession of Reimarus: "These 
people maintain, all of them, in their main propositions, that there is a 
physical world active outside ourselves, . . .  an autonomous, necessary, and 
eternal world, and [that] this [is] a certain truth upon which further ideas 
can be developed!'102 Reimarus approached the whole question from the 
vantage of the principle of sufficient reason. For him, the physical world 
had no intrinsic reason to be so and not otherwise; its lawfulness was, in 
that sense, imposed from without, not self-generated, and therefore, it was 
an imperfect being, dependent upon something that did have the power to 
create from its own resources and that could give purpose to the inert mate
rial world in the form of living beings.103 Reimarus insisted not only upon 
a transcendent creation but also upon the teleological structure of this crea
tion: the physical world "is not for itself but for the sake of the living, of 
man."104 More explicitly: "the usefulness for living things constitutes the es
sential reason according to which all reality and essential properties of the 
material [of the world] get determined.mos 

Once he had disposed of the case that the world or nature could be eter
nal or self-sufficient, Reimarus turned to animals and humans. They, too, 
had to have an origin, but the notion that this would be the physical world 
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or natural process alone, Reimarus contended, was absurd. He scoffed at the 
notion that the sun's warmth, working on the "slime" of the earth, could 
have awakened the impulse to life that, through many missteps, eventu
ally generated viable organisms of many distinct species, culminating in 
man.106 Such was the lore of the ancient materialists, Epicurus and Lu
cretius, but it appalled Reimarus that in his enlightened times figures like 
La Mettrie should try to revive "this collapsed body of doctrine [dieses ver
fallenen Lehrgebiiude]."107 He lapsed into outrage in place of argument: "I 
cannot understand how nowadays people can permit themselves to uphold 
before the court of their own reason such arbitrary concoctions [ willkiir
lichen Erdichtungen], which are formed from raw ignorance of nature and 
from numerous contradictions and errors."108 The ancients were faulty 
enough, but the modems had no ground to stand on, for spontaneous gen
eration had been definitively refuted in modern times by "the best natural
ists [Naturkiindiger]!'109 

Above all, Reimarus could not countenance the notion that life-forms 
could have arisen from the material world by chance.110 Authors like La 
Mettrie, as he saw it, preferred chaos and chance to the intervention of 
an intelligent designer: they would rather ascribe "all, instead, to unfeel
ing, dumb forces of a dead material, and to give themselves over to blind 
fate or random chance!'m Nor had he any sympathy for the "new panthe
ists" who wished to impute life to nature itself-"a penetrating force that 
animated the entire body of the world and ruled with understanding," a 
thinking matter or world soul.112 For Reimarus, undertaking to remove final 
cause from natural philosophy was misguided,113 and it was not surprising 
that those who denied teleology in nature denied religion.114 He accused 
Buffon of reviving Epicureanism and aiding and abetting atheism by reject
ing teleology.115 Nor would he concede anything to Buffon's argument that 
natural philosophy should avoid metaphysical hypotheses: "if one were to 
take away all of Mr. B!s arbitrary propositions and hypotheses, what would 
be left of his whole system?"116 

All this confirms Wynne's contention about Reimarus linking Buffon 
and Maupertuis with Epicureanism, notwithstanding his later embarrass
ment.117 For Reimarus, there was no point to knowledge of the physical 
world if nature had no purpose we could discern.118 The world made no 
sense without God. Thus, he upheld Swammerdam, Reaumur, and others 
who found a divine hand in the marvels of invertebrates and infusoria, 
against Buffon and Maupertuis, who scoffed at all that.119 Reimarus went 
so far as to offer a detailed defense of the English author who found God's 
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providence in the thick skin of the rhinoceros, the example Maupertuis 
'\ used as the reductio ad absurdum of physicotheology.120 Nothing was ab... 

surd for Reimarus in the natural order if it gave sign of God's Providence. 
Anyone who did not see it that way was an "Epicurean"-that is, tanta
mount to an unbeliever. 

In that light, Reimarus offered a detailed critique of the experiments of 
; Buffon and Needham.121 He avowed that his intent was only to establish the 
:\ uncertainty of their observations and the impropriety of founding a theory 
¥ of generation upon them.122 He noted that Buffon had set the whole en-

deavor in motion in an effort to demonstrate that Leeuwenhoek had earlier 
misconstrued microscopic observations into a theory of generation that was 
too hasty and ill-founded.123 Reimarus defdy rejoined: "perhaps many of 
the arguments that Mr. Buffon used against Leeuwenhoek can be brought 
against himself.m24 Three arguments put in doubt the findings of Buffon 
and Needham. First, observations generated by microscopic instruments 
were problematic and unreliable because their objects were too infinitesi
mal and the instruments themselves too crude.125 Second, Buffon and Need
ham drew drastically different theoretical systems from the same observa
tions.l26 Finally, replication experiments by Peter van Musschenbroek and 
by the anonymous author of Letters to an American (de Lignac) had radically 
different results.127 In the third edition (1766), Reimarus drew the essential 
conclusion: the issue was not really about observations but rather about the 
inferences [Schlusifolgerungen] drawn from the observations.l28 Buffon had 
committed the same error that he had criticized in Leeuwenhoek: prema
ture theoretical generalization based on equivocal observations.129 

Only concrete living things gave the world purpose, and these only be
cause they were ensouled.130 In the third edition, Reimarus made this claim 
even more emphatic: "the bodies of living things are perfect only in the 
measure that they serve as appropriate instruments which correspond to 
the nature or the endeavor of each soul after its own way of life!'131 He be
lieved that "this way of seeing things fills the great gap which we still have 
in philosophy and links . . .  knowledge of the natural world [Naturlehre] with 
metaphysics!'B2 The soul-animal as well as human-was the lynchpin of 
this metaphysical connection and of its theological concomitant. Reimarus's 
line of thinking consigned all plants to the lifeless, material world.133 They 
had no "inner perfection"; they had no intrinsic purpose but existed merely 
for the sake of animals.134 To exclude plants from living forms was a drastic 
consequence of his metaphysical orientation, and it begged essential ques
tions about organic form and intrinsic organization. But this was consistent 
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with his express ambitions: "my project here is to demonstrate the divine 

wisdom and intention not [merely] in physical organization but at the same 

time immediately in the forces and capacities of the soul."135 

T H E  C O N D I L L A C - B U F F O N  D E B A T E  O N  A N I M A L S  

A N D  R E I M A R U S ' S  'l'R I E B E  D E R  'l'HIE R E  

Reimarus's greatest work, the '1riebe der '1hiere (1760 ), was his effort to refute 

"empiricists" who, along the lines of Condillac's '1raite des animaux (1755), 
sought to explain animal behavior on the pattern of human learning, as ac
quired from sense experience.136 Against such empiricists, Reimarus insisted 
on the innate character of animal behavior, "instinct" or "drive ['1rieb] ." 

The abbe de Condillac published his '1raiti des animaux under the im

pression that Buffon was spreading rumors that he had plagiarized from 

Buffon's earlier volumes for his own '1raiti des sensations.137 In 1754 Buffon 

published the fourth volume of his Histoire nature/le, which included cru
cial essays on the nature of animals and on human nature.138 These essays 
seemed to equivocate between a mechanistic and an animist notion of 

animal life. That equivocation also characterized the summary of Buffon's 

views in a very famous article by Diderot for the Encyclopidie ("animal") 

that had appeared in the interval between this fourth volume and the three 

original volumes of the Histoire naturelle from 1749.139 That made Buffon's 
theory of animal nature and its relation to human nature highly charged 

for the political culture, as reflected in de Lignac's fierce polemic, Letters to 
an American (1751). In the '1raiti des animaux Condillac alleged that Buffon's 

position was bewildering (i.e., incoherent) because he both ascribed sen

sibility to animals and insisted on treating them as Cartesian machines.140 

To clarify the matter, he proposed to work by analogy from a consider
ation of human experience to that of animals.141 Condillac asserted that 

sensibility not only distinguished animals from the rest of nature but as

similated them, at least analogically, to humans. Thus, "animals compare, 
judge, . . .  have ideas and memory." He cited passages where Buffon, despite 

himself, recognized all these features in animal behavior.142 Animals learned 
how to sense and they judged among sensations and objects on the basis 

of pleasure or pain. At the outset they had only an indeterminate, internal 
sense of pleasure and pain, which needed to be localized and associated 
with external stimuli.'43 "Thus, animals owe to experience the habits that 
one takes to be theirs by nature.11144 They learned, but without the intention 

of learning. Associations of pleasure or pain became nodes around which 
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memory organized experiences. "Everything in this depends on the same 
principle, need [besoin]; everything is accomplished by the same means, the 
association of ideas!'l45 Animals did not learn by imitating their conspecifics 
but rather from their individual experience, yet since the needs that drove 
these experiences were the same in each distinct animal form, the resulting 
behavior appeared uniform. 

Provocatively for Reimarus, Condillac dismissed the term "instinct'' as an 
empty word without theoretical significance.146 "Instinct is nothing, or it is 
the beginning of knowledge.m47 It was wrong, he claimed, to take instinct 
as anything other than a matter of degree of knowledge, which could be 
explained in terms of learning. Only the simplicity of the needs and habits 
constitutive of instinct made it so inerrant. "One sees that instinct is only 
sure if it is restricted."148 Thus, Condillac elaborated a continuity between 
instinct and reason consistent with his sensationalist theory of human 
learning as acquired in sense· experience, accrued in memory, and sorted by 
reflection.149 Distinguishing between a "self of habit" and a "self of reflec
tion;' Condillac consigned animal instinct to mere self of habit. "That mea
sure of reflection that we have above and beyond our habits is what consti
tutes reason:nso 

All these issues preoccupied Reimarus in the 'I'riebe der 'I'hiere. Already 
in his Vornehmsten Wahrheiten, Reimarus offered a clear conceptualiza
tion of the essential features of the concept 'I'rieb ("instinct" or "endeavor" 
[Bemuhung] -with echoes of conatus) : it was the capacity to pursue a self
beneficial goal "without any individual reflection, experience, and prac
tice, without any training, example, or model, from birth onward, with an 
artfulness ready from birth that was masterful in achieving its end.m51 He 
promised his readers that he would elaborate his ideas on instinct and rea
son in a subsequent work.152 He fulfilled that promise in his magnum opus 
of176o.153 

Using extensive documentation of animal instinctual behavior, Reima
rus worked up a classification of its distinctive features. His massive syn
thesis of the data gave his conception of 'I'rieb a warrant that made it indis
putable. He distinguished globally among "mechanical;' "representational;' 
and "elective [willkurlichen]" drives, articulating ten classes and fifty-seven 
subclasses.I54 By elective Reimarus meant "an inclination or aversion of the 
will toward present, though indistinct, representations - that is, toward 
the feeling of sensual pleasure or pain-whence the elective actions [will
kurliche Handlungen] arise that are appropriate to the inclination or aver
sion."155 Among the elective drives, he distinguished between the general 
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form-self-preservation-and more particular manifestations, which he la
beled Kunsttriebe (skillful drives).156 These were his primary concern.157 In
deed, the notion of Kunsttrieb proved the most theoretically fruitful con
cept he articulated.158 He began by characterizing Triebe in general as "all 
natural efforts toward particular actions [alles natiirlichen Bemiihen zu gewis
sen Handlungen]!'159 He characterized as Kunst (artifice; skillful activity) all 
"regulated [i.e., rule-governed] capacities for certain actions.mao Thus, the 
decisive features of the Kunsttrieb were that it was natural and yet it was 
agential; that is, it entailed a measure of choice. In short, Reimarus arrived 
at a notion of animal behavior as immanent purposiveness. It was purpo
sive precisely in that it aimed "at the maintenance and well-being of the 
animal and its species [auf die Erhaltung und Wohlfahrt des Thieres und seines 
Geschlechtes]!n61 It was, however, altogether innate: this was his overriding 
theoretical insistence. By virtue of this innateness, all Triebe were "endowed 
by the Creator [von dem Schopfereingepflanzt]!n62 

Triebe der Thiere elaborated this interpretation explicidy against the work 
of Condillac and Buffon. In §112, Reimarus followed Condillac in accusing 
Buffon of simultaneously adopting Descartes's animal-machine hypothesis 
and nonetheless ascribing sensibility to animals, and hence of falling into 
contradiction.163 However, his main opponent was Condillac, for the thrust 
of his argument was to deny Condillac's central thesis that aninials learned 
by experience on analogy with human development.164 Instead, Reimarus 
built a powerful case for the innateness of instinct, different in kind from 
human learning. In tacit response to Condillac's claim that these were unan
alyzed terms, Reimarus undertook to articulate reason and instinct into clear 
and cogent concepts via juxtaposition.165 "I demonstrate from the powers 
of animals and from the properties of the creative drives that they do not 
consist in an effectiveness that the animals achieved for themselves through 
experience and reason, nor through a degree of reason, but that these are 
inherited capacities that arise out of the determinate natural powers of ani
mals [angeborne Fertigkeiten sind, welche aus den determinierten Naturkraften 
der Thiere entstehen] !'166 

Reimarus saw himself as no mere philosophical speculator since he en
gaged richly with the natural-historical literature.I67 Thus, he allowed him
self to disparage Condillac's view as "one of those hypotheses that can ap
pear valid only in the scholar's study" and that would have been overturned 
had Condillac paid more attention to observing nature.168 At the end of 
§103, Reimarus reiterated this methodological scruple: "without sufficient 
knowledge of actual nature, all hypotheses turn into idle figments of the 
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mind arising in the scholar's study.'"69 While the interaction between soul 
and body was ultimately a "mystery, and how it actually works will always 

be impossible for us to know," nevertheless, experience and observation 
· made it clear that these things happened, both in animals and in humans.170 

"We thereby must presume the actual connection between the soul and the 
body, merely according to experience, even if we cannot explain the nature 
of this mutual interaction."171 This was the fundamental methodological 
maxim of empirical research science, Reimarus concluded: "For the original 
essential forces are, in accordance with their regular determination, the first 
ground of all the actualities of nature: and all philosophers must acknowl
edge that it is impossible to determine a priori any further philosophical or 
mathematical proof concerning the fundamental forces of things and their 
determinate laws, but they must simply assume them in accordance with 
experience in order to carry out inquiry."'72 At the close of his chapter on 
the Kunsttriebe, Reimarus made this clear: "by the term 'skillful drives' I des
ignate the matter itself, which is before the eyes of everyone to observe, but 
not the cause or the manner of its possibility . . . .  One must first come to be 
acquainted with the matter itself according to its actual properties before 
one can ask how all that has really been observed in animals can be pos
sible.''173 Thus, Reimarus formulated methodological-empirical responses to 
crucial epistemological and ontological questions about the nature of forces 
and drives that bore upon human nature, not just animal nature. 

His empirical project of classifying animal instinctual behavior came to 
be integrated into a clearly school-philosophical (Wolffian) project of "fac
ulty psychology," as Reimarus rigorously distinguished the conscious con
tent and operative faculties of the human mind from those of animals.174 It 
was this philosophical proximity that, as Condillac so clearly noted, drove 
the entire eighteenth-century inquiry into the animal soul: "It would seem 
strange to inquire what animals are if it were not a means to understand 
better what we ourselves are.''175 For Reimarus, animal behavior was nei
ther acquired by experience nor derived from reason, and thus there was 
a systematic difference in kind between animals and humans. Yet the "rule 
according to which the sensual representation of animals proceeds ap
pears to be completely the same as the rule of our lower faculties of soul 
[niederen Seelenkrafte]."176 Animals shared with humans certain features of 
sensibility-external sense organs, imagination, memory, and an internal 
sense for pleasure and pain and inclinations derived from these. Still, all 
these had a different significance in the whole structure of awareness, in 
that animals were never capable of conceptual relation or inference. "It is 
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from this, then, that we can grasp how the animals know things and dis
criminate among them, as well as how they are aware of what they are 
conscious of. Everything is merely indistinct and confused, and yet very 
lively."177 These are the key categories of German school-philosophical fac
ulty psychology. While humans classified conceptually, "the animal dis
crimination of species and genera has an entirely different basis and must 
be essentially different from our own."178 Humans operated discursively: 
it was from a general concept that they were enabled to discriminate in
stances of commonality.179 But in animals, "sensibility in the vast major
ity of instances suffices to recognize and to distinguish individual things 
as well as types.mso Reimarus then worked through the levels of human 
reasoning-from concept formation through judgment to inference-as de
veloped in German school-philosophical teachings and demonstrated that 
animals could do none of these. Instead, they acted from conditioned reflex 
and habit. "If, then, all thought consists in concepts, judgments, and infer
ences, then we cannot, in the literal meaning of the term, say that animals 
think."181 Humans had the capacity for reflection, which was the true source 
of reason. And reason was what made them truly human.182 That was re
flected in their unique capacity for language.183 Reimarus insisted that no 
animals, not even apes, could ever achieve language.184 

Yet there were compensations in animals for this lack of reflection: they 
were by instinct far more effective in achieving the end of self-preservation. 
This efficacy was immediate, inveterate, and sufficient for its ends. En
hanced senses, exquisitely intricate and appropriate behaviors, and re
stricted but functional needs all worked to make animal drives efficacious 
far beyond anything that the considered and labored achievements of indi
vidual humans could attain.185 It took the generational accrual of imple
ments and skills through the trial and error of rational reflection to bring 
humans to a superior estate in the natural order. "The same behaviors ap
pear among these animals, from the start of their lives, a capacity that, with
out slow and awkward experimentation, without preliminary errancy and 
confusion, from the very first produces masterpieces.''I86 It would be odd 
indeed should animals have accomplished this through reason or reflection, 
or even through learned habit, for then they would clearly exceed humans 
in all these capacities. That was absurd, and so the notion that there was 
anything learned or rational about this had to be false. Instead, Reimarus 
concluded, it had to be completely innate. 

Only after his exhaustive classification of the various types of Triebe did 
Reimarus turn to the fundamental issue of explanation. In chapter 8, he 
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lmrv..-..rP£1 "the opinions of the ancients," and in chapter 9, he examined 
hypotheses of the modems" on the question.187 After his learned con

of other views, he brought his work to its theoretical conclusion in 
.cbap1ter 10: "The Probable Characteristics of Animal Skillful Drives [Kunst

The opening line of that chapter reiterated his key claim: "we can 
offer no grounds to ascribe reason or any grade of the same to animals, as 
ee>ntrasted with us humans, nor even to ascribe to their brains any natural 
images or innate figures that would be of use for this faculty [einige diesem 
11ermiigen behuljliche Naturbilder und angebore Figuren in dem Gehirne beyle
,gen], or even to take into account any extraordinary intervention by God."188 

What, then, could explain the phenomenon? 

How is it then conceivable that the animals, with such lowly physical and spiri

tual powers, in part without any external experience, without upbringing, guid

ance, examples, or verbal instruction, but above all without any reflection and 

actual thinking, without concepts, judgments, inferences, and the discoveries 

that flow from these, without themselves knowing any purpose or the ability to 
recognize the relationship of means to that purpose, without experiments and 

long practice, nonetheless find themselves at all times capable of constructing 

completely and masterfully the most ubiquitously useful and clever artificial ac

tions [J{unsthandlungen] for the many needs of every aspect of life and for the 

preservation of their species, and notably oftentimes from the very moment 

they come into the world?189 

Reimarus argued that there were only four possible sources : (physical) 
mechanism, external sense and responsive imagination, inner experience, 
or "implanted blind inclination [eingepflanzte blinde Neigung]"-or, most 
likely, all these in interaction.190 

In a series of contributions to the key Berlin Enlightenment journal 
Briefe, die neueste Litteratur betreffend, Moses Mendelssohn subjected Reima
rus's work to careful scrutiny. He concentrated his criticism upon the four 
sources of instinctual behavior that Reimarus articulated in chapter 10 of 
'f'riebe der'lhiere, deeply dissatisfied with the way in which, having found the 
first three sources-bodily mechanism, sense and imagination, and internal 
sense or disposition-inadequate, Reimarus resorted to "implanted blind 
inclination!'191 For Mendelssohn, this was no more of an explanation than 
those intermediate forces of nature (e.g_, the "hylarchic principle") that 
Reimarus had appropriately written off as "empty noises" in his review of 
the philosophical tradition.192 Mendelssohn did not dispute that Reimarus 
had described something essential about instinctual behavior-most promi
nently, artificial constructions (Kunsttriebe) like beehives, spiderwebs, and 
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beaver dams-but he reiterated the distinction Reimarus himself articulated 
between description and explanation and insisted that Reimarus had failed 
in his explanatory ambitions.193 He argued that the notion of innate inclina
tions elucidated nothing.I94 

H E R D E R  B E T W E E N  T H E  F R E N C H  A N D  

H A L L E R :  P H Y S I O L O G I C A L  P S Y C H O L O G Y 

In his Abhandlung iiber den Ursprung der Sprache (Treatise on the origin of 
language; 1772) Herder made the famous quip that Condillac had tried to 
make animals human, while Rousseau had tried to make humans animals, 
hence the task was to establish just what humans really were by discrimi
nating them from animals.195 His point of departure was the work of Rei
marus in comparative ethology: "Cf'hat the human being is far inferior to the 
animals in strength and sureness of instinct, indeed that he quite lacks what 
in the case of so many animal species we call innate abilities for and drives to 
art [Kunstfertigkeiten und Kunsttriebe], is certain.m96 The challenge was to 
be true to Reimarus's careful description of the features of instinct distin
guishing animal from human behavior and yet to offer a more convincing 
explanation for why these features arose. Herder argued that the laborious 
human development of capacities, relative to the ostensible "perfection" of 
animal behavior grounded in drives or instinct, could be explained in terms 
of a fundamental difference in environmental situatedness (what he called 
the "sphere" of the animal's life) and hence the intensity of the stimuli at
tending it.197 Other animals had drastically narrower spheres of life than 
humans. Their ecological niche-to use modern terminology-was circum
scribed both in space and in survival constraints, so that within that narrow 
field, Herder contended, animal experience was sensually more intense and 
focused, hence more immediately effective and complete. He enunciated his 
theory in a proposition: "Cf'he sensitivity, abilities, and drives to art [Kunst
triebe] of the animals increase in strength and intensity in inverse proportion to 
the size and diversity of their circle of dficacy!n9s The narrowness and inten
sity of focus of sensual experience in animals made language redundant.199 
While they uttered sounds in response to their feelings, they had no need 
and hence no capacity for the elaboration of formal language; thus, "if we 
wish to call these immediate sounds of sensation 'language,' then . . .  their 
origin . . .  is clearly animal: the natural law of a sensitive machine."200 

In contrast with the specificity of every animal niche, humans had liter
ally a global environmental orientation.201 Human capacities had, accord-
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ingly, to be far more undifferentiated and open to adjustment for differ
ence in context and challenge. This made humans develop more tentatively 
but also enabled them to become more complex and reflexive in their as
sessment and action. "The instinctless, miserable creature which came from 
nature's hands so abandoned was also from the first moment on the freely 
active, rational creature which was destined to help itself, and inevitably 
had the ability to do so. All his shortcomings and needs as an animal were 
pressing reasons to prove himself with all his forces as a human being.''202 

Uniquely, "the human has no single work, . . .  but he has free space to prac
tice in many things, and hence to improve himself constantly."203 Herder 
wanted to use this to establish a species differentiation: "in the hollow of 
that great bereftness of drives to art, the germ rf a substitute . . . would be 
a genetic proof that 'the true orientation of humanity' lies here, . . .  that the 
human species does not stand above the animals in levels of more or less, 
but in kind.''204 Herder offered his· own term for this holistic, integral capac
ity in humans: Besonnenheit, "the total determination rf his thinking forces in 
relation to his sensuality and drives.''205 Or rather, it is "the single positive force 
of thought, which, bound up with a certain organization of the body, is called 
reason in the case of human beings, just as it becomes ability for arl in the 
case of animals, which is called freedom in the case of the human being, and 
in the case of animals becomes instinct.''206 Herder offered this theory as 
an instance of a general principle of compensation that he termed a "great 
relationship, which runs through the chain of living beings;' whereby the 
absence of one endowment or capacity occasioned the elaboration of an
other.207 This idea of a "general economy of animal life" would prove semi
nal for the development of life science, especially as taken up and elabo
rated by Cad Friedrich Kielmeyer. 

Across his entire oeuvre Herder aimed to distinguish humankind "on 
naturalistic and physiological grounds alone, with reference to the structure 
and organisation of the human body.''208 "Reason is no compartmentalized, 
separately effective force but an orientation of all forces that is distinctive to 
his species."209 Accordingly, "no psychology is possible which is not step for 
step determinate physiology.''210 That is, a "science of the soul must become 
entirely natural science"; it must seek out empirically the evidence of the 
action of forces and establish as coherently as possible how they interact to 
�roduce the complex ultimate phenomenon of human experience.211 What 
1e called "physiological psychology" represented his most encompassing 
:ontribution to life science. He endeavored to understand concretely and 
n detail how the specific senses served as organs of emergent lucidity. "It 
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is a very difficult matter to trace every science in all its concepts and every 
language in all its words back to the senses in which and for which they 
arose, and yet that is essential for every science and every language."212 Here 
was the most original and powerful aspect of his approach. He worked up 
a theory of developmental psychology grounded in the specificity of each 
of the senses, which he found confirmed in the characteristics of the par
ticular forms of fine art that appealed to them.213 He first articulated this 
theory in 1769, in Viertes kritischen Wiildchen and "Zum Sinn des Gefiihls;' 
and he developed it fully over the 1770s in Vom Erkennen und Empfinden der 
Menschlichen Seele and in Plastik. 

Herder drew his inspiration significandy from explorations of sense ca
pacities by Frenchmen, especially Condillac and Diderot.214 He had begun 
to study Condillac in 1764 and followed their writings avidly.215 He sought 
to link the insights of the French psychologists with his own theory of the 
development of the senses as reflected in the character and emergence of 
the forms of art. In '1raite des sensations, Condillac attempted to derive every
thing in consciousness from sensory perception; even reflection should be 
explained stricdy from the juxtaposition of sensations. He expressed this in 
a famous analogy of a marble statue coming to life, as in the ancient myth of 
Pygmalion and Galatea.216 Herder was especially fascinated with this anal
ogy and with Condillac's stress on the sense of touch. "Touch is at once the 
first, certain, and faithful [treue] sense that emerges: it is already in its first 
stages of development in the embryo, and only gradually over time do the 
other senses distinguish themselves from it!'217 "It is exacdy the same in the 
history of art among the peoples as with the history of human nature. For
mation for the sense of touch had long been in place before representation 
for the sense of sight could emerge.''218 

Far from rejecting the impulses of his century emanating out of France, 
Herder embraced them.219 In addition to the work on the psychology of the 
senses, he was drawn to the natural history based on comparative anatomy 
developed by Louis-Jean-Marie Daubenton and theorized by Buffon, Mau
pertuis, Diderot, and La Mettrie. The ancient materialism of Epicurus and 
Lucretius proved prominent here, as did the modern version of Spinoza. 220 

There was a choice in aligning himself with Lucretius, with Spinoza, with 
Condillac and Diderot, with Buffon and Daubenton. Such drastic natural
ism seemed to betoken that "mankind would have to be regarded as aban
doned by universal providence to its own resources.''221 For Bonnet and 
Hailer and Reimarus-even for Buffon and Kant- divine providence was 
not dispensable. Herder of course believed thoroughly in divine providence, 
but his method of exposition consistendy eschewed it.222 
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The wholeness of man as revealed in the developmental psychology 
of the human faculties became the theme of Herder's decisive work of 
the 1770s, Vom Erkennen und Empfinden der menschlichen Seele. For Herder, 
the task was to get beyond the arid formalities of Wolffian school philos
ophy.223 He hoped to replace metaphysical dualism with a sensual self im
mersed in the real world via space, time, and force.224 Above all, he insisted, 
"the human being is feeling through and through."225 "What are all the 
senses but mere modes of representation of a single positive force of the 
soul?"226 "We are a single thinking sensorium commune, only touched from 
various sides.m27 The essential point was to establish continuity between the 
physical and the mental. Herder turned to the most important physiologist 
of his day, Albrecht von Hailer, to exploit his theory of Reiz, or irritability, 
to establish this thoroughgoing unity. 228 Yet he needed to reconstruct Hailer 
as well: physiological dualism of irritability versus sensibility created yet an
other obstacle to the holistic understanding of man. 

The crucial move of Herder's text was to focus on "the broad region of 
sensations, drives, effects, of action" at "the heart of our being."229 Heart 
proved the rhetorically decisive term. It operated on the two registers 
Herder essentially sought to fuse: the heart is a muscle, and hence it fell 
legitimately within the most literal sphere of Hailer's physiology of Reiz, 
and yet, of course, metaphorically, the heart is the center of feeling, emo
tion, passion, spirit. It has long stood as the symbol of the embodied vital
ity of human experience. Thus, it became the figural "seat of the soul" in 
the rhetoric of Herder's exposition. It was always "around" the heart that 
Herder pitched his claim that "the soul with all its forces feels itself liv
ing • • . .  [I]t is only present in the universe through action and reaction on 
this body full of sensations."230 "The entire inner man is one. All passions 
ring round the heart."231 "Our entire internal, excitable Self, from that inex
haustible fount of excitation, the heart, down to the smallest fiber animated 
by Reiz, follows these simple laws.''232 

In his text of 1775, Herder wrote, "Perhaps dead matter has wound 
through all the stages and steps of mechanism and raised itself to the little 
spark of life that is only the beginning of organization, and yet how pow
erfully it still surges in the feelings of a human soul!"233 Reiz was Herder's 
key to this crucial metamorphosis. "Quite generally, nothing in nature is 
separated, everything flows onto and into everything else through imper
ceptible transitions.''234 "All life expands and leaps to higher stages.''235 "In 
the abyss of irritability lies the seed of all sensibility, passion and action.''236 

"The nerve proves more subdy what has been said concerning the fibers 
of irritation generally.''237 "Sensibility is just the aggregate of all the dark 
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irritations, just as thought is the bright aggregate of sensibility.m38 Thus, 
Herder blatantly and deliberately overrode the primary distinction of his 
source, Hailer.239 

Herder's treatment did not arise from lack of knowledge of Hailer's ideas. 
He had studied Hailer thoroughly by 1771.240 As Simon Richter has argued, 
Herder meant from the outset to "deliberately misinterpret" Hailer. 241 If 
Hailer "refused to recognize irritability as a form of life;' Herder, by con
trast, used Hailer as evidence for the "transformation of dead matter into 
moving life."242 Via the polysemantic valences of the term Reiz, Herder was 
deploying a crucial metaphor binding medicine with aesthetics. In medicine, 
Reiz signified simply "that which causes a physical sensation of pleasure 
or pain." But in aesthetics, reizend had a dramatically different register. It 
was an adjective used preponderantly to refer to "allure/' the "gentle vio
lence" of "feminine beauty," as in the phrase reizendes Miidchen.243 That is, 
reizend betokened that which aroused (erotic) desire.244 This was emotional, 
aesthetic-a matter, assuredly, of a sentient agent. Thus, "[Herder] grasped 
at the analogy [between the medical and the aesthetic senses of Reiz] as a 
means to bridge the gulf between irritability and sensibility."245 That was 
a methodological as much as a metaphorical undertaking.246 It used the 
tropic resources of language to make physiological psychology plausible. 

Herder's whole invocation of Reiz aimed to use and abuse Hailer, to mis
read him strongly against his own intentions. The best evidence of this lies 
in the passages from both 1775 and 1778 where Herder evoked Hailer spe
cifically by name. In 1775 he wrote: "Hailer's work is Pygmalion's statue 
grown warm in the hands of a lover of humanity."247 In 1778 he wrote: 
"Hailer's physiological work raised to psychology and enlivened with mind 
like Pygmalion's statue-then we can say something about thinking and 
sensation.''248 Two things are crucial to grasp here. First, Herder claimed 
in each instance that Hailer required a decisive supplement to be adequate 
for physiological psychology. And, second, that supplement could be found 
in the metaphor of Pygmalion's statue, a metaphor we could never find in 
Hailer's work. It was, however, the decisive metaphor of Condillac and the 
French psychological school. Herder thus announced his subversion of 
Hailer in the cause of vital materialism. 

After midcentury the divide separating progressive from regressive "re
search programs" (in the Lakatosian sense) came to be willingness or un
willingness to explore and explain vital materialism.249 By that test, the great
est German scientist and the greatest German philosopher of the eighteenth 
century (Albrecht von Hailer and Immanuel Kant, respectively) appear 
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strikingly conservative. Some intellectual rebellion was in order, and Herder 
sought to provide it. His rebellion against Kant will concern us later.250 It 

is his subversion of Hailer that is the topic here. I suggest that in his essays 
of the 1770s Herder did to Hailer what La Mettrie had done to him in 1747: 

deliberately to read him in a vital-materialist manner deeply offensive to 

Hailer and yet consistent with the most important impulses emergent in his 
own research. 251 

C A S PA R  F R I E D R I C H  W O L F F : T H E  E M P I R I C A L 

A S S E R T I O N  O F  E P I G E N E S I S  

There is a great deal that remains to be done in accurately placing Cas

par Friedrich Wolff in the history of life science in the eighteenth century. 
The two guiding lights for what I will attempt here are the works of rise 
Jalm and Shirley Roe. Jahn ha.S opened up important new questions about 
the origins of Wolff's thought.252 Roe has made the most complete effort 
to reconstruct and assess its character and impact. 253 While I will draw on 
others as well, these two scholars have framed the investigation.254 Jahn 
has raised a curious anomaly to strategic significance for the reconstruc
tion of the life science of the era ofWolff: why did a supervising professor's 
name not appear on Wolff's 17)9 dissertation, in striking noncomformity 
with academic protocols of the era? While that absence had been noted and 
explored before, particularly by A. E. Gaissinovich, who used newly discov
ered archival documents to begin shedding light on the matter, Jahn has 
been able to raise some crucial considerations that go beyond what anyone 
hitherto surmised.255 Roe has proposed that Wolff must be understood as a 
philosophical rationalist, deeply immersed in the way of thought of Chris
tian Wolff and Schulphilosophie. I agree that we must understand Wolff's 
work from the vantage of his philosophy of inquiry, not simply his experi
mental results or their theoretical interpretation.256 But I will try to nuance 
Roe's reconstruction by suggesting that the methodology embraced by Wolff 
was in fact more eclectic than Roe presumes and that this, too, sheds impor
tant light on the life science of his moment. Indeed, I will suggest that Wolff 
might have been far closer to the experimental Newtonianism that Roe has 
been so decisive in imputing to his great adversary,Albrecht von Haller.257 

We know very little about Caspar Friedrich Wolff's childhood and ado
lescence beyond the facts that he was born and raised in Berlin, the son of 
a tailor.258 He seems to have had an excellent education for someone from 
such a background (reflected in his competence in Latin and his familiar-

-
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ity with ancient authors), enabling him to enroll in studies at the Collegium 
Medico-Chirugicum of Berlin in 1753.259 There he studied, above all, with 
the anatomist Johann Friedrich Meckel the Elder and with the botanist Jo
hann Gottlieb Gleditsch (1714-86), the curator of the royal gardens in Ber
lin. In 1754 he advanced to the normal course of studies for medical stu
dents at the University of Halle, where, after nine semesters, he defended 
his famous dissertation, Cf'heoria Generationis, in November 1759. 

Wolff matriculated in the University of Halle medical faculty in the very 
last year of Christian Wolff's life and rectorship of that university, and 
well after the great luminaries of the third generation of the Halle medical 
faculty-Kriiger and Unzer-had departed. The question is: who at Halle 
was left to guide and inform the young Wolff's work? How did he come to 
the topic and the approach of his dissertation? No one in the medical faculty 
of the late 1750s evidenced the boldness and vision that could have inspired 
the young Wolff to such a daring dissertation. 260 In particular, we have had 
occasion to note the mediocrity of anatomical and botanical resources at 
Halle, yet these were the overweening preoccupations reflected in Wolff's 
experimentally driven dissertation. The only Halle faculty member we 
know to have been present at the defense of Wolff's dissertation was the 
dean, Andreas Elias Buchner. Yet Wolff did not mention him in the archival 
document concerning his dissertation defense. 261 The most likely director 
of studies for Wolff, as far as Jahn can establish, was Philipp Adolf Boh
mer (1717-89). "Bohmer . . .  announced for summer 1756 a public lecture 
[series] 'de homine generatione' [on human generation], in winter 1757/58 
led a private course on anatomical preparations and demonstrations, and 
in summer 1758 gave a lecture series on the Institutiones physiologicas of 
[Christian Gottlieb] Ludwig [1709-73], whom [in his dissertation] Wolff ex
plicitly named as a representative of epigenesis!'262 But there is little reason 
to think that Bohmer, any more than Buchner (the figure Gaissinovich be
lieved to be Wolff's most likely mentor at Halle), would have been a theo
retical supporter of the line of inquiry that Wolff undertook. 

Jalm's work suggests that the inspiration may not have come from Halle 
at all but rather from his earlier years in Berlin, in the person of the presi
dent of the Berlin Academy, Pierre-Louis Moreau de Maupertuis. Jahn 
dwells on the quite specific "issues and . . .  formulations of research pro
grams concerning 'generation"' that appeared in Letter 7 ("On the Genera
tion of Animals") and in Letter 19 ("On the Progress of the Sciences") of 
Maupertuis's work of 1752, which presented a "bounty of forward-looking 
research programs, questions and tasks to be undertaken;' that can be 
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quite specifically linked to what Wolff tackled in his dissertation and there
after.263 Jahn writes: 

When one considers the daring and conviction with which Wolff went about 
his microscopic observations after the example of Buffon and Needham, and 

the originality with which he interpreted theoretically his results concerning 

the epigenetic development of plant germs and chicken embryos, whereby he 

introduced a new "theory of generation," one can certainly surmise that he car
ried out the commission of Maupertuis and simultaneously redeemed the lat

ter's legacy to the Berlin academicians. This impression grows yet stronger 

when one also takes into consideration the later works, [especially] the work on 

the formation of the intestine in the fertilized chick (Wolff q66-1767), which 

was composed while he was still in Berlin, [and] which Karl Ernst von Baer 

characterized as "the greatest masterpiece that we know in the field of obser

vational science.''264 

Particularly revealing is that Maupertuis celebrated the microscopic ex
periments of Buffon and Needham as setting the terms of investigation 
for a whole "new nature!'265 As we have seen, Reimarus and Bonnet were 
arguing for the utter inadequacy of these same experiments and their theo
retical interpretation. Far more pertinently, similar objections had been 
raised by Albrecht von Hailer. 266 That Wolff nonetheless took up this spe
cific experimental tradition suggests a positive inspiration that could not 
have come from any plausible source in Germany besides Maupertuis. 

For evidence that Maupertuis was actively eliciting an endeavor along 
such lines in Germany, Jahn points to a remarkable prize competition an
nounced around 1755 for the section of experimental natural philosophy: 
''Whether all living things, as much in the animal kingdom as in the vegetal 
kingdom, arise from an egg fertilized by a germ, or from a prolific matter, 
analogous to the germ [une matiere polifique, analogue au germe]!'267 Jahn 
notes that no answers were submitted, even when the competition was ex
tended to 1759· A renewed call in 1761-63 elicited four submissions but no 
prize was awarded. 268 Quite simply, no one in the radius of the Berlin Acad
emy wanted anything to do with this question-no one, that is, but Caspar 
Friedrich Wolff! 

Thus, crucially, Wolff emerges as a German naturalist directly and posi
tively inspired by the innovations of French vital materialism. His radical 
departure from the preponderant way of thinking that characterized Ger
man natural philosophy, culminating in his ruinous controversy with Al
brecht von Hailer, may also help to account for the fierce hostility that he 
met when he sought to teach in his alma mater, the Collegium Medico-
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Chirugicum in Berlin, after his service in the Seven Years' War as a Prus

sian military surgeon.269 His former instructor, Meckel, had not only his 

professorial privileges to uphold but also his personal allegiances to the fig

ure whom Wolff's work most directly challenged, his own mentor Albrecht 

von Hailer. 270 The bitterness of the conflict over Wolff's private course of

ferings in Berlin explains not only his failure to obtain a position at the 

collegium, though two came open in the mid-176os for which he applied, 

but also his decision to accept a call to the Saint Petersburg Academy of 

Sciences in 1766-67.271 That call had been instigated, notably, through his 

recommendation to the Russian authorities as early as 176 0  by Leonhard 

Euler, who clearly knew of and praised highly his dissertation work.272 

Euler had assumed direction of the Berlin Academy upon Maupertuis's de

parture in 1756.jahn notes the strong criticism and intervention that Mau

pertuis brought to bear upon the Collegium Medico-Chirugicum, starting 

in the late 1740s, for laxity in scholarship and research.273 Maupertuis ap

pointed both Meckel and Gleditsch to the collegium in order to raise its in

tellectual tone. 274 But that does not imply that they would show any loyalty 

to Maupertuis or to his agenda for research, especially after 17 51-though, to 

be sure, they would not overtly resist Frederick II, who upheld Maupertuis's 

institutional agenda at least. Euler stands in clear contrast to the members 

of the Berlin Academy associated with the collegium, whose conservatism, I 
am suggesting, was not only institutional but intellectual. 

What exactly do I mean by such intellectual conservatism? To get at that, 

we must turn to the miserable efforts of Caspar Friedrich Wolff to secure 

the approval of the dominant force in German life science at the time, Al

brecht von Hailer. To even suggest intellectual conservatism in regard to 

Hailer seems outrageous: he was one of the most creative scholars of his 

time. And yet, he was a very problematic figure, especially after his return 

to Switzerland. Even as he continued his pioneering work-here most cen

trally on embryology-he was becoming more and more punctilious about 

his personal authority over life science in Europe (especially after the enor

mous controversy spawned by his Gottingen Academy Address on irritabil

ity and sensibility of 1752) and adamant in his opposition to the "flood of 

freethinking" he saw closely associated with the rival camp in life science 

headed by Buffon and Maupertuis.275 Here, his new alliance with Charles 

Bonnet played a decisive role, as revealed in the specifics of his treatment 

ofWolff. 

After a seemingly generous opening line in his 1760 review of Wolff's 

dissertation, Hailer proceeded over the balance of his review to browbeat 
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his young rival in no uncertain terms.276 He was part of the same aca
demic culture in the medical-scientific world of midcentury Germany that 

spurned Wolff as an insouciant beginner. Ironically, Wolff hoped for better 
from Hailer. I believe that Wolff really expected that Hailer would find his 
work not only experimentally but theoretically congenial.277 When Wolff 
began his investigations, he was not entirely aware of Hailer's fateful con
version to preformation.278 The major articulation of that conversion ap
peared little more than a year before Wolff defended his dissertation and 
probably before Wolff could adapt his experiments or their interpretation 
to incorporate Hailer's views.279 To be sure, Wolff would never have coun
tenanced preformation, even under the auspices of Hailer; his experiments 
and their epigenetic interpretation remained incontrovertible, as he saw it, 
and as he would establish beyond question in his later work on the develop
ment of the intestine.280 Alas, Haller summarily dismissed even that work 
which would later set the standard for experimental embryology.281 

The whole protracted controversy shows how long Wolff held out the 
hope that Hailer would see the light in the experimental findings and return 
to an epigenetic orientation. It was only upon the publication of volume 8 
of Hailer's great compendium of physiology, where the issues of generation 
were treated in a bluntly preformationist manner, that Wolff saw how in
transigent Hailer had become. "There Is Nothing of Epigenesis;' the title of 
Hailer's chapter read.282 The theological origin of all generation was stated 
here in a balder form than anywhere else in his works, together with a ri
diculous calculation of all the humans that must have been encapsulated at 
the original creation of Eve. For Wolff, this must have appeared strikingly 
reactionary.283 He gave up eliciting Haller's approval and sought, instead, 
the common academic truce of agreeing to disagree. 284 Hall er ignored this 
gesture from his young opponent; it hardly mattered after the latter with
drew to Saint Petersburg. 

Wolff's response to Haller's irritated warning in 1766 that epigenesis 
was dangerous to religion suggests that by that point he had come to rec
ognize an ideological dimension that went beyond the experimental un
certainties and theoretical divergences that had driven their controversy 
earlier.285 Wolff conjectured bitterly that Bonnet had an influence on the 
hardening of Haller's position- a  suspicion that we can now verify from 
the Bonnet-Hailer correspondence and from Bonnet's extensive invocations 
of Hailer in his works of the 176os and even more in their revised editions 
published after Hailer's death.286 The last thing Wolff needed, in his profes
sional difficulties, was to be lumped with materialists and atheists. He an-
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swered the Hailer-Bonnet religious scruple in a manner that was strikingly 

in line, nonetheless, with Maupertuis. A rational-scientific explanation of 

the world, in his view (as in that of Maupertuis), in no way gainsaid the 
need for an intelligent creator at its origin.287 While he admitted that pre
formation was peculiarly suited to religious exploitation, he denied that epi

genesis threatened religion. As he wrote in his letter to Hailer, "against the 

existence of divine Power, nothing is demonstrated if bodies are produced 
by natural forces and natural causes; for these forces and causes themselves, 

and indeed nature itself, require an author in the same way as organic bod

ies.''288 The essential point, here, is that Wolff set out from the view that 
natural science need not seek or serve religious agendas but rather that its 

point was to be natural-that is, empirical and rational. 

We have come to the domain of Shirley Roe. What was Wolff's philo

sophical orientation to natural inquiry and how did he get there? "One of 
the most striking aspects ofWolff's writings, particularly the 'lheoria genera
tionis," she notes, "is their scholastic, deductive style of presentation. Wolff's 

dissertation is a model of the 'mathematical method' championed by Chris
tian Wolff as the universal language to be used by philosophers and scien

tists alike."289 Thus, she judges, "Christian Wolff, and the 'Wolffian philos

ophy,' was of enormous influence on Caspar Friedrich Wolff.''290 What the 

latter endeavored to create with his dissertation was "the first rationalist 

embryology,'' in the form of "a deductive scheme based on principles, defi
nitions, scholia, and syllogistic reasoning.''291 

Anyone who takes up the 'lheoria Generationis will find this immediately 
persuasive. But, I wish to suggest, that may well be too easy. By the time of 

Christian Wolff's death in 1756 a considerable amount of external criticism 

and internal mutation had befallen the "Wolffian philosophy.''292 Above 

all, the suitability of the "mathematical method" for "philosophers and sci
entists alike" had come into question.293 We need to ask whether Caspar 

Friedrich Wolff's rationalism was so simply "Wolffian" as Roe maintains. 

That he was a "rationalist" is not in question; but whether he was a rational

ist in a sense that rendered building inferences drawn from observation and 

experience superfluous, or that construed rational deduction a priori as the 

ultimate and only "science"-these are questions that need to be examined 

a bit more carefully. Indeed, one might wish to proceed with caution even in 
ascribing such views to Christian Wolff himself! 

In both the '1heoria Generationis and the '1heorie von der Generation, which 
elaborated and defended it in 1764, one finds much that fits Roe's char

acterization, but also some things that don't. Certainly, Caspar Friedrich 
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Wolff embraced Leibniz's core principle of sufficient reason. Its role, as Roe 
writes, "cannot be overestimated."294 What that principle prescribed, in her 

reconstruction, is that "explanation should consist not simply in describing 
a phenomenon but in showing the reason why it exists as it does!'295 The 
problem, here, is that one need hardly be Wolffian or Leibnizian to embrace 
this characterization of explanation. Everything hinges on what the phrase 

"showing the reason why it exists as it does" means. It can mean, for ex
ample, any account that makes a claim to determinate knowledge, or it can 
mean the high metaphysical claim that the account is exhaustively and im
mutably certain. As Roe understands German school philosophy, "the key 
to explanation is logical demonstration" that "something 'must be so and 
cannot be otherwise, it must necessarily behave thus!"296 The phrase "logi
cal demonstration" betokens the deductive model of proof in the "geometric 
method!'297 The key element Roe picks up from Wolff's own words is the 
claim to necessity. 

Now, what was happening in scientific argumentation in the mid
eighteenth century was precisely the mutation of this kind of claim to meta
physical necessity into a claim of intersubjective warrant, grounded in con
silience of evidence: an a posteriori but no less emphatic claim to valid 
knowledge. This, I suggest, was the epistemological core of "experimental 
Newtonianism!' If Roe is right, Caspar Friedrich Wolff could not be associ
ated with such a development. But I think Wolff was in fact more eclectic 
than the explicit pronouncements thus far considered might suggest. There 
was more going on in his method. In this, I think Gaissinovich has a bet
ter insight in linking Wolf£ to experimental Newtonianism.298 To go still 
further, Olaf Breidbach may not be too far afield in seeing elements of Spi
nozistic immanence in Wolff. 299 I don't want to suggest that Roe was wrong 
in finding metaphysical deductivism in the dissertation (and in the 1764 
defense), but only that this was not everything that was going on in Wolff's 
natural philosophy. This should not imply, either, that Wolff was confused. 
I think one can be eclectic and coherent, and I think Wolff was. The burden 
of proof, of course, falls on me. 

Let me start with what Roe herself offers: Wolff's embryology "also had 
its roots in the mechanism-vitalism controversy;' which she believes lin
gered in the atmosphere of the University of Halle from the days of Hoff
mann and Stahl.30° Certainly, the final argument ofWolff's dissertation, with 
its striking claim that his work had demonstrated that "mechanical medi
cine" was an illusion, suggests not only that this was prominent in his con
cern but that he took a very definitive stance on the question. 301 But we need 
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to be careful not to take this really to mean complete rejection o f  mecha
nism. Roe maintains-correctly, in my view-that "Wolff attempted . . .  to 
steer a middle course between the reductionism of mechanism and the in
explicability of vitalism.''302 That, certainly, is where the leading minds of 
the third generation of Halle medicine-Kriiger and Unzer-came out.303 It 
would not be surprising if less than a decade after their departure (and less 
than that since the publication of some of their key works), such ideas did 
still float about in the milieu of the Halle medical faculty. The key patron 
of the third generation, Buchner, was now dean of the medical faculty and 
rector of the university. Certainly, he is conventionally regarded as a parti
san of Hoffmann and mechanism at Halle, but as I have argued in chapter 1, 

this was a matter of restoring balance against an excess of Stahlianism-and 
of a Stahlianism infused with Waisenhaus-Medizin-something we have no 
reason to think Wolff would find appealing. Roe herself points out a crucial 
error in the German translation ofWolff's dissertation that misunderstands 
Wolff's repudiation of Stahlianism as in fact his affiliation with it:304 

All of those functions of the body that I have denied to be mechanical, I have 
not explained in any way, inquiring in fact into the connection that exists 
between the machine and life, but by no means searching further for the causes 
of this where it has no dealings with the machine. If therefore you should wish 
to interpret my mind on this, benevolent reader, you could easily err in this. 

And certainly indeed and especially I would suffer [paterer], if you should im
pute to me the opinion of Stahl, or that received from hinl and slighdy altered, 
which Whytt and others have recendy proposed, in which, namely, the func
tions that occur in our body are attributed to the power of an inlmaterial soul, 
whether acting direcdy and freely, or coerced by the inconvenience inflicted 
upon it.305 

Roe's Russian colleague Gaissinovich repeatedly insisted that Wolff was 
no vitalist.306 Of course, that all hinges on exactly what "vitalism" means. 
There is a case to be made that even Stahl was not positing a totally separate 
metaphysical entity intervening in bodily processes.307 And the question of 
immanent teleology in the organism is one that even today philosophy of 
biology has not resolved. 3°8 

The question of mechanism-vitalism is a theoretical issue within em
pirical inquiry into life-forms, not an epistemological issue about the war
rant of the inquiry itself, and so we have still not resolved the question 
posed by Roe. To get at that, I think, we need to get deeper into Wolff's texts, 
not only to take up his explicitly philosophical pronouncements but to re
construct the actual character of his argumentation. I want to start with the 
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second, because this is where Wolff's actual approach to inquiry compli
ated his ostensibly school-philosophical, "mathematical method!' Wolff ex

plicidy claimed that, of the three parts of the dissertation, he had composed 
the first, which dealt with botany (longer than the two following parts com
bined), so that he might lay the groundwork for the more complex and es
sential topic of generation in animals. In other words, we must see the long 
treatment of plant generation as a model for the later exposition of animal 
generation. Crucial, here, is Wolff's insistence that plant generation and 
animal generation followed the same causal principle: that there was only 
one theory of generation that explained all organic life.309 

He began by citing Stephen Hales on plant physiology.310 The key point 
he derived from Hales was the ubiquitous transfer of fluids from the en
vironment surrounding the roots to every part within the plant. This fluid 
mO'Vement required, Wolff adjudged, some explanatory force.311 Attraction 
was not sufficient for the purpose.312 Since fluid transfer was essential to the 
metabolism of the plant, he termed the requisite cause simply an "essential 
force [vis essentialis]!' The effect was ubiquitous and central to plant physiol
ogy, so the cause had to be equally ubiquitous and central-in a word, essen
tial. There is, here, nothing particularly metaphysical. It is a simple inference 
that for a given effect one should presume a given cause and, parsimoni
ously, the same cause for the same effect, as Newton prescribed.313 Wolff 
then proceeded to an examination-macroscopic and microscopic-of this 
fluid propagation in the plant and of the substance of the fluid itself. He 
noted that especially in new plant tissue at the microscopic level this fluid 
substance was unstructured. He could isolate drops of this fluid, clear and 
free-flowing, and he could agglomerate these drops to one another or sepa
rate them into droplets arbitrarily, since they had no inherent determi
nacy.314 But as this fluid moved or settled, it congealed into more viscous 
and eventually solid structures in the plant, accounting, in that process, for 
a growth within or an extension outward of the existing plant structure. 

The key point I wish to stress, here, is that there is no derivation a priori 
in this account. It is entirely a matter of experimental observation and con
crete description. The first twenty propositions of part 1, then, are entirely 
empirical, not derived from axioms in some logico-deductive manner. In 
§21, Wolff did draw an inference that he claimed was necessary ("thus it fol
lows with necessity"), namely, that the assinlliation of fluids was the source 
of the growth of plant tissue.315 I can take this only as an inductive infer
ence, not a deduction, and the "necessity" Wolff claimed can only be a mat
ter of what we would call inference to the best explanation, not demonstra-
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tive logic.316 Given that inference, Wolff felt entided to ask after the cause 
of this established regularity. It was, of course, the "essential force" he in

ferred from Bales at the outset, "through which the compressed fluids. pene

trate and expand the plant substance."317 The cause was recognized in and 
through its effects; its "essence" could not at all be specified, nor the mecha

nism of its effectiveness. 

In §27, Wolff noted that the fluid substance naturally became viscous 
and eventually formed more solid structures; thus, he imputed to it a pro
pensity to solidification: solidescibilitas (German, Erstarrungsfiihigkeit). There

fore, this fluid was not a simple liquid (water) but rather a compound of 
elements that nourished and helped plant tissue to grow-a Nahrungssa.ft, 
or nutritive fluid. Wolff insisted that this same kind of basic nutritive liquid 

was present in animals, citing Boerhaave and Haller's First Lines of Physiol
ogy.318 Nutrition and growth, then, were processes of continuous transfor

mation of liquids into solids. This whole approach in terms of the relation 

of the fluid to the solid was central to the medical physiology taught by 
Boerhaave-which Wolff knew, as his references indicate, from the Haller 

compilation and translation. Wolff drew his crucial conclusion: "the parts 

develop in the manner that their substance first arises as a simple mixture 

without any internal organic structure, and then in this substance in the 

manner explained above (§29) vessels [Gifasse] and nodes [Bliischen] get 

formed."319 This was the core of Wolff's epigenetic theory. In §34, he ex
plained that in science when two phenomena were in constant conjunc

tion, the effort turned to finding what the causal relation between them had 

to be: which was the source of the other. In the case of the fluid substance 
and the tissue nodes, Wolff argued, clearly the former had causal prece

dence.320 This was "logical;' to be sure, but it hardly betokens some grand 

metaphysical system of deduction. There is a "principle of sufficient reason" 
at play, but we could call it something less grandiose, such as sound infer
ence. My point is not that Wolff did not invoke the principle of sufficient 

reason. It is, rather, that he didn't have to. In invoking it, Wolff was putting 

on a mande of ''philosophical knowledge" that dressed him in Leibnizian 

purple, but what he was doing was simply experimental scientific inference. 

The question then arises: why did he feel he needed this authorization? 

That has to do with what he understood as "theory" and as "science." We 

get intimations of that in the opening propositions of the '1heoria Genera
tionis, where he was confident that his readership already agreed with him 

on philosophical knowledge, that this was conventional wisdom, as indeed 

school philosophy was in academic Germany at that moment.321 Wolff's 
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full defense of his way of thinking came only in the 'lheorie von der Genera
tion, when he recognized he needed to defend himself from strong criticism 

'Of his procedure, his results, and their warrant. The overt argument about 
the method of inquiry in the latter work is thus more revealing than the 
"scholastic" presentation of the dissertation, which I am suggesting offered 
a modem empirical inquiry in traditional costume.322 One of the provoca
tions that Wolff explicitly articulated in the preface to his '1heorie von der 
Generation was Charles Bonnet's somewhat-cavalier use of the technical 
term "demonstration" throughout his Considerations sur les corps organises 
(1762).323 As a scholar trained in German logic, Wolff took Bonnet to task 
for not understanding the true meaning of this term. That made him eager 
to show his own, more precise understanding of, and proper implementa
tion of, such logical forms in his own work. 

The point of departure of his argument was that notwithstanding all that 
had been written before on the· problem of generation, no true theory had 
ever been offered.324 Instead, what had proliferated were descriptions
"histories," as Wolff termed them, in keeping with the distinction promi
nent in his time.325 He professed wonderment that scholars should believe 
that their histories could count as explanations.326 Wolf£ specified what he 
took to be the insufficiency of "historical" (i.e., descriptive) accounts: "not 
to be concerned with why things have these properties and not others, and 
why matters transpire in this way rather than another!'327 For Wolff, effec
tive explanation required that one grasp something in terms of its reasons 
and causes (Griinden und Ursachen).328 This was "philosophical knowledge;' 
or "science" (Wissenschajt).329 For Wolff, a theory if generation specifically 
should "construe everything . . .  from the quality [Beschaffinheit] of the 
forces through which the organic bodies are formed, and from the proper
ties [Eigenschaften] of the substance from which they are to be formed!'330 

That is to say, an explanation would derive the ultimate character of organic 
forms from a causal account that necessarily produced the forms from these 
two originating elements of force and (primordial) material. 

This was where Wolff invoked the Leibnizian term "principle of suffi
cient reason" as the character of such an adequate causal account deriv
ing "an organic body from its causes."331 He termed anatomy merely de
scriptive ("historical") knowledge but deemed a theory of generation to be 
philosophical (scientific) knowledge. Physiology, in Wolff's view, depended 
upon the structure of the organic body described in anatomy and there
fore could not be the science that would explain how that anatomy itself 
took form.332 Thus, "physiology relates to anatomy precisely [accurat-one 
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ofWolff's favorite words] as a corollary to its theorems, from which it de
rives; my theory relates to anatomy as a demonstration of these theorems to 
the theorems themselves."333 In this formulation, Wolff was invoking philo
sophical logic analogically to explain the relation among scientific inquiries 
in which his own specific pursuit should be situated. He drew an explicit 
analogy to the Wolffian system: "The doctrine of generation is related to 
anatomy as rational psychology to empirica1:'334 This is what grounds Roe's 
interpretation, but from our vantage, this is not as transparent as the young 
Wolff believed, for we do not find the relation between empirical and ratio
nal psychology in Christian Wolff quite so unequivocal.335 

Wolff's experimental observations concentrated on the fertilized chicken 
embryo, following upon the work of Malpighi (and, without realizing it, 
paralleling Hailer's concurrent research, which appeared in 1758). The de
tails of his observations, the contrast with Haller's, and the ensuing disputes 
about the technicalities of the embryological observations have been dis
cussed elegandy and thoroughly by Roe and others, notably Maria Monti, 
and I need not go into these.336 In §166, the opening section of part 2, on 
the development of animals, Wolff asserted the parallel of fluidity at the ori
gin of organic form in animals that he had developed in his account of plant 
growth: "a mass that . . .  in general consists merely of a few loosely con
glomerated litde globes [Kiigelchen] and simply amassed one upon another, 
transparent, movable, and almost fluid!'337 Wolff insisted that the cause of 
organic formation was, just as with plants, the "essential force;' which in
duced movement of the nutritive fluid to all the parts of the organism
notably, at the outset, without the need of a vessel system or a heart to pump 
it. 338 He drew comparison to the work on the movement of lymphatic fluids 
by Meckel and Alexander Monro.339 In §242, Wolff enunciated his core the
sis succincdy: "Thus, the essential force, together with the solidification 
propensity of the nutritive fluid, constitutes a sufficient principle of all de
velopment both in plants and in animals."340 The crucial difference between 
animal organization and plant organization was that the solidification pro
pensity in animal tissue worked far more slowly than in plants.341 

Roe asks, "what is the essential force, and how does it operate ?"342 She 
observes, "Wolff does not explain the nature and operation of the essential 
force in any greater detail. He simply claims that it exists and then proceeds 
to show how, together with secretion and solidification, the essential force 
produces different structures!'343 It is true Wolff did not explain that, and 
he was quite aware that he did not: "It is enough for us to know that it [the 
essential force] is there and to recognize it from its effects!'344 That is, Wolff 



T A K I N G  U P  T H E  F R E N C H  C H A L L E N G E  161 

adopted the methodological posture of eighteenth-century experimental 
Newtonianism. Forces were in "essence" or origin "obscure" and beyond 

the reach of science, yet they could be postulated on the basis of their pal
pable effects. Of all his methodological principles, this is probably the most 
important, and it has nothing to do with Wolffianism and everything to do 

With experimental Newtonianism.34s 
In §161, Wolff posed an argument against the claim common among pre

formationists that the entire structure of the organism was already present 
at conception but simply still invisible. 346 While this was a view commonly 
ascribed to Malpighi, Wolff noted correcdy in his later crbeorie von der Gen
eration that this was not in fact the Italian researcher's view but rather one 
that Hailer developed on the basis of Malpighi's observations.347 He argued 
that even with a medium-power microscope the basic particles (Kiigelchen) 
were clearly discernible, and thus, he found it incongruous to claim that 
the parts that they should compose could remain invisible, concluding vig
orously: "Thus, that parts are hidden because of their infinite smallness 
and only gradually appear is a fable."348 Before he spoke so boldly, Wolff 
had offered a disclaimer: "in general one cannot say that what is not ac
cessible to our senses for that very reason is not present." But he argued 
that this protest was more "clever [spitzfindig] than true" when applied to 
die microscopic observations in question.349 Thus, he opened himself up to 
what became Hailer's most insistent criticism: that Wolff's whole method
ology was grounded upon the claim that what one didn't see could not be 
dlere.350 Wolff struggled to establish that this was an aside-a scholium, in 
school-philosophical language-not a principle on which his argument was 
grounded.351 But the criticism remained, and Bonnet would trumpet it over 
and over again in his works of the 1760s and thereafter.352 

The final section of Wolff's dissertation elaborated his general theo
retical insights and, tangentially, related them to the work of others. In 
§231, the opening section of this part, Wolff explained that he deliberately 
set about articulating his own experimental observations and conclusions 
without mention of parallels in the work of others so that his results should 
be judged by the reader on their own merits.353 In the next section, he ac
knowledged C. G. Ludwig and J. T. Needham as predecessors associated 
with epigenesis, linking them all the way back to Aristode and, more re
cendy, Harvey.354 He claimed in the following section that all these figures 
tacidy worked with something like his own "essential force.'' He noted that 
Needham wrote of"an expansive and vegetative force": "By expansive force 
Needham understands the force of the growing matter through which a 
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specific point of the latter attempts to remove itself to the outermost [ins 
Unendliche] from those nearby."355 Wolff argued that his own theory of es

sential force was more concrete in its characterization of the material and 
the process of fluid movement and tissue formation. Wolff's close attention 
to Needham's theory, but not his distinctions from it, allowed Hailer, in his 
review, to claim that Wolff's work was just an experimental elaboration of 
Needham's ideas.356 That led Wolff to articulate a far more extended and 
critical assessment of Needham in his 'iheorie von der Generation. There, he 
argued that Needham was not really after a theory of propagation of organ
isms but rather a theory of spontaneous generation, of the formation of 
the organic directly out of inorganic materials.357 By contrast, Wolff claimed 
always to work within an organism's self-formative processes.358 For him, 
all generation was nutritive growth.359 Hence, his research project was, by 
and large, indifferent to sexuality in reproduction or even to the moment or 
role of fertilization. 

'iheorie von der Generation not only inveighed against the preformation
ist notion, by which, it alleged, all organic bodies became blunt miracles, 
but offered a clear sense of the theoretical alternative offered by epigenesis: 
"a nature that destroyed itself and that created itself again anew, in order to 
produce endless changes, and to appear again and again from a new side;' "a 
living nature, which through its own forces produced endless changes!'360 
Wolff's 'iheorie von der Generation aimed not only to persuade the learned 
public of his epigenetic approach but also to (re)convert Hailer. He wrote: 
"I am confident that [Hailer], when I have only had the opportunity to pres
ent my reasons, [which are based on a knowledge of animal physiology] 
with which he is quite familiar, will soon completely agree with me and al
low the argument for continuity [epigenesis] to go forward. From Mr. Bonnet 
I cannot hope the same. He seems to me, like many who take themselves 
for physiologists, to be quite far from such a knowledge of the nature of 
animals."361 Wolff had little respect for Bonnet: "everything that Mr. Bon
net has written is for the most part derived from Mr. von Hailer. Here and 
there he has mixed in a little bit from other authors. Of his own there is, 
on the other hand, nothing!'362 This withering judgment occasioned Hailer 
to chastise Wolff for impertinence toward his eldersJ363 Wolff was harsh, 
to be sure, but Bonnet had it coming. Bonnet was a preformationist "true 
believer," and by q6o he did not really care what Wolff had found, since 
the whole matter had been settled in his view by the incomparable Hailer's 
work on the chicken embryo. During his last years in Berlin Wolff worked 
tirelessly on the formation of the intestine in the chicken embryo to prove 
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he was right. He only published these materials in Saint Petersburg. Hailer 
at least bothered to read them, then dismissed them. Karl Ernst von Baer, 

certainly an experimental biologist of a class with Hailer, had the last word, 
but it was too late for Wolff ever to hear it. 

J O H A N N  A U G U S T  U N Z E R  A N D  T H E  B A L A N C E  

O F  G E R M A N  P H Y S I O L O G Y B Y  1 7 7 0  

In 1771 the former Halle "philosophical physician" Johann August Unzer 
published the culminating work of his life, and a milestone in the develop
ment of German physiology: Erste Griinde einer Physiologie der eigentlichen 
thierischen Natur thierischer Korper (The first principles of a physiology of 
the authentically animal nature of animal bodies).364 In the interval since 
leaving Halle, Unzer had lived in the Hamburg area, participating in the 
key science journal Hamburgisches Magazin. Then, from 1759 to 1764, he 
produced his own journal, Der Arzt, an important vehicle for "securing a 
proper estimate of physicians and of the art of healing, and of extending 
sound medical knowledge" to the wider German public.365 That is, Unzer's 
journal served the primary professional ambition of the medical commu
nity in Germany, as Thomas Broman has reconstructed it for this period. 366 
But Unzer was also deeply committed to theoretical physiology, carrying 
forward the research program developed at Halle in the 1740s under the 
leadership of his mentor,Johann Gottlob Kriiger, and concentrating on neu
rophysiology. This theoretical interest moved Unzer first to publish a series 
of popular articles in Der Arzt, then to articulate his views in a more rigor
ously scholarly form. In 1768 he published Grundriss eines Lehrgebiiudes von 
der Sinnlichkeit der thierischen Korper (Outline of a theory of the sensibility of 
animal bodies), but he found it necessary, over the next three years, to revise 
and extend the ideas developed there, culminating in his decisive publica
tion of 1771.367 

Unzer belongs in a distinctive line within German professional medicine 
that moved away from concerns with practice toward experimental physiol
ogy as a comparative zoology. Unzer made this shift in orientation clear in 
the final sentence of his preface to Erste Griinde einer Physiologie: "Man is by 
no means the only subject of this work[;] . . .  it contains rather the principles 
of a Zoology, or natural history of every species of animal . . .  according to 
their peculiar animal forces."368 He put theoretical physiology before ther
apeutic medicine: how could physicians develop therapies, he demanded, 
when they had no conception of the physiology they were attempting to af-
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fect?369 Indeed, his shift away from considerations of clinical practice was 
even more blatant, since Unzer explicidy declined to elaborate pathological 
diagnostics or therapeutic applications of his theoretical neurology.370 

Unzer's monograph represented the first major departure in German 
physiology after Hailer had consolidated his eminence with his grand com
pendium Elementa Physiologiae Corporis Humani (Physiological elements 
of the human body; 8 vols., 1757-66). Unzer acknowledged Hailer as "the 
greatest anatomist and physiologist of the day" and used copious citations 
from and references to Hailer throughout his study.371 Hailer had charac
terized "the mechanisms of all parts of the animal body," especially in the 
greater Physiology, "in a manner almost impossible to be surpassed."372 Yet at 
the same time Unzer offered a searching and thorough critique of Hailer's 
"new doctrine in physiology" concerning irritability (Reizbarkeit; vis in
sita).373 Hailer's theory held that muscle action was "neither animal nor sen
tient." It was mechanical-indeed, stricdy speaking, it was inanimate (and, 
as such, it had nothing to do with life). The result was a starkly reductive 
dualism of animating "soul" and (not quite inert) matter. "Hailer seems to 
be of the opinion, that no movements except the voluntary are produced 
by the soul. . . .  He recognizes, nevertheless, the action of the imagination, 
sensations, instincts, and emotions . . . .  It necessarily follows that the sensa
tional conceptions, desires, instincts, etc., are not mental but corporeal. . . .  
But no sound metaphysician can grant such a confusion of ideas!'374 The 
"empirical psychology" of Wolffian school metaphysics was more plausible 
than Hailer on this score, Unzer believed.375 The "lower faculties" of mind 
(Gemiith) were really mental, not mechanical, though they were stimulated 
by and reacted upon physiological phenomena, and this was as true for the 
"higher'' animals as for humans. 

Unzer offered a radically divergent reconstruction of Hailer's experimen
tal results. He disputed, not what Hailer observed in muscular contractions, 
but rather how Hailer interpreted these observations: the issue was not (am
biguous) observations but inferences from them. Hailer's experimental evi
dence needed another interpretation. Unzer offered a coherent alterna
tive: "that which Hailer terms vis insita [angeborne Kraft] . . .  is nothing else 
than the vis nervosa [Nervenkrajt] of external impressions exciting direct 
nerve-actions."376 Thus, Unzer could both recognize the power of the ex
perimental evidence Hailer had amassed concerning irritability and yet re
direct that evidence to support a neurophysiological alternative to Hailer's 
theory. While Hailer was obviously paramount in his theoretical environ
ment, Unzer was situating his work within the larger area of the relation 
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between consciousness and physiology. The controversy had become more 
pointed in the exchange between Hailer and Robert Whytt.377 Unzer de

nied the diffusion of the soul throughout the body, Whytt's major conten
tion against Haller.378 Simultaneously, he rejected the materialist thesis 
that all physiological phenomena could be reduced to physicomechanical 

causes.379 But he was interested in theorizing how sensation and especially 

volition could work physiologically, and this meant developing a theory of 
the brain acting in consonance with conscious states (and that led him, even 
more importantly, to questions of the nervous system acting even without 
consciousness). 

Unzer's vantage was expressed pointedly in his book title: what was it 
that made animals distinctive? For him, the answer lay in neurophysiology. 

The study of the brain and nerves represented the key domain of Unzer's 
investigation.380 He regarded these as the distinctive "animal machine" in 

1 the complex "animal economy.''381 Brain and nerve functions "must be con
sidered as the most fundamental and most general principles of the whole 
animal machine.''382 Unzer aimed to establish neurophysiology as "a branch 
of science altogether distinct;' thus "separating authentically animal physi
ology from the general physiology of the entire animal economy.''383 While 
neurophysiology was part of the general physiology of which Haller was the 
grand master, it delved more deeply than Hailer had done into the essen
tially directive role of the nervous system in animals.384 The proper object 
of neurophysiology was to reconstruct, on the basis of experimental and 
observational evidence, how brain concomitants of sentience ("material 
ideas") communicated, via the nerves, with the rest of the bodily "machine." 
There had been significant advances in the field since Hailer's great Acad
emy Address on irritability and sensibility in 17)2, in particular in the work 
of Alexander Monro II in Scotland and Felice Fontana in Italy.385 On the 
other hand, Unzer had only disdain for the physiological psychology that 
Charles Bonnet had developed in the same period.386 Unzer proposed to 
develop his own synthesis around the central conception of Nervenkriifte, 
or what Laycock rendered for his English translation by the Latin phrase 
vis nervosa.387 Unzer's goal was twofold: first, to displace Hailer's vis insita 
theory of muscle irritability with a theory of nerve-action (vis nervosa) and, 
second, to show how nerve-action worked, even without the "soul" (con
sciousness or sentience), to drive animal functions. His fundamental conclu
sion asserted: "all the processes required for the life and preservation of an 
animal organism, can be effected by the vis nervosa only.''388 

Unzer agreed with Hailer that some animal functions did not require the 

1 
I 
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active role of consciousness or the "soul.'' But while Hailer wished to in
fer that this made these responses merely mechanical, in accordance with 

his dichotomy between irritability (Reizbarkeit) and sensibility (Empjlind
lichkeit), Unzer concluded-and this was his key theoretical innovation
that the nerve-force could operate autonomously of the directive interven
tion of consciousness or the "soul.'' Unzer postulated independent nervous 
function both within sentient animals (beseelten 'Ibieren)-either in collabo
ration with voluntary nervous functions or in the absence or interruption 
of these-and within "un-souled" animals. Hence, he was pioneering what 
has become the conception of the "autonomic nervous system;' but only as 
part of an even wider comparative physiology of nerve function that could 
account not only for bodily reactions in higher animals despite the inter
ruption of voluntary nerve impulses but also for the animal functions of 
organisms without brains. His key thesis was that animal life manifested 
an independent, nonconscious, nonvolitional nerve action that could not be 
explained by physical-mechanical laws but functioned sui generis.389 The 
strategy Unzer proposed was to work from experimental observations of 
nerve function both with and without consciousness.390 

Unzer repeatedly emphasized the limits of empirical knowledge con
cerning neurophysiology.391 Yet he also insisted that there was observa
tional evidence sufficient to infer from discerned effects to causal forces 
active in the animal organism.392 Thus, he had no doubt that animals en
dowed with brains were capable both of feeling external impressions and 
of exerting conscious interventions in the animal economy.393 Humans con
strued their experience as agential in precisely this way, and they projected 
it onto the wider animal kingdom.394 This was the crucial purview of the 
notion of the animating "soul," going back all the way to Aristotle. Unzer 
was not so much interested in rejecting this idea as in localizing it, and in 
two senses. First, he insisted that the "soul" could act upon the body only 
via the brain.395 Second, he theorized that this interaction (two-way, since 
the brain/body also affected the "soul") required, however mysteriously, a 
one-to-one correlation between mental content and brain event (a "material 
idea," as it was termed at the time). 

For Unzer, the "nervous fluid" or force was "neither aqueous, nor gluti
nous, nor elastic, nor ethereal, nor electrical." He conceded, "it is not known 
how and when it contributes to the animal actions.''396 And yet it needed 
to be postulated to account for the indisputable-and extremely rapid
transmission of nerve impulses from the external organs of sense or the 
internal organs of the body to the brain and from the brain to all of these 
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in turn.397 Indeed, the directionality of these nerve transmissions was a car
dinal empirical datum upon which to build neurophysiology. Unzer sus

pected, as the most plausible explanation of directionality of transmission, 
that different nerve fibers served motor and sensory functions.398 Afferent 
and efferent nervous impulses, as we now call them, could be empirically 
discriminated not only at the extremities of these impulses-in sense organs 
or the brain, for instance-but they could be isolated and instigated experi
mentally in the nerve fibers themselves, so that their directional impulse 
could be demonstrated as active apart from these origins. 

Even in sentient animals, Unzer noted, the heart and circulatory system 
as well as the digestive system appeared to operate without conscious direc
tion.399 These are today known as domains of the autonomic nervous sys
tem. But the really interesting question for Unzer's neurophysiology and 
theory of animal nature came with the lower animal organisms, which did 
not manifest a brain coordinating a central nervous system. "Animals des
titute of brain as sea-anemones, tape-worms, etc, and . . .  microscopic ani
mals, polypes, etc . . .  although without thought or sensation, appear to act 
as designedly, spontaneously, thoughtfully and volitionally, as animals really 
endowed with mind."400 Thus, "is not the whole life of an oyster, a sea
worm, a polype, a snail, a spider, a flea, an ant, a bee, etc.-is not the whole 
of their acts, or part of them, solely an operation of the vis nervosa?"401 
"Polypes may be enabled to perform all their animal movements, solely by 
means of external impressions on their nerves, without having feeling or 
thought, and without either brain or soul. . . .  These animals do not act as 
mere machines, as Descartes supposed, but according to purely animal laws, 
which cannot be deduced from either mechanical or physical principles or 
explained by them . . . .  As Hailer observes on the last page of his intro
duction to the translation of Buffon's 'History of Nature,' they are animals 
whose life consists simply in irritability."402 To conceive of simpler animal 
organisms as inanimate was simply misguided; nor could they be taken as 
identical with plants, which were largely "mechanical" organisms. Instead, 
they belonged to the animal kingdom. 403 To think that these organisms had 
"soul" distributed through their entirety (as did Whytt) was absurd and re
sulted in the further absurdity that such souls could be divided to engender 
subsequent souls in their fragments (as in Trembley's polyps).404 

"But do true insentient animals exist?"405 Was the "soul" essential to all 
animals?  Was it really necessary to explain animal functions even in ani
mals with a "soul" (consciousness) ? Unzer realized that this challenged one 
of the most entrenched ideas about animals-that the very notion of animal 
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required the "animation" of a soul. 406 Thus, he recognized the central resis
tance in his intended audience. Unzer considered all the objections and re
plied: "all the processes required for the life and preservation of an animal 
organism, can be effected by the vis nervosa only.''407 

What could be fully conscious/volitional in sentient animals could also 
arise as unconscious nerve-action; hence, the involuntary nervous system 
could often substitute for-or, in lower organisms, physiologically replace
volitional nerve-actions. Unzer traced the same continuity for instinct.408 
Strikingly, he located this whole phenomenon of instinct within conscious
ness, a sensed impulsion.409 Animals came to feel the force of these in
stincts as something incontestable acting upon them (from within); know
ing neither their proper object nor their purpose, yet they had to comply, 
and nature had seen to it that the environmental circumstances that trig
gered instinctual impulses also accorded with their fulfillment. 410 The ini
tial thrust of instinct did not arise in, though it was felt by, consciousness, 
but it could become increasingly volitional. What sentient animals expe
rienced initially as a blind drive they could develop into a volitional pur
suit; that is, they could do willingly what they were initially compelled to do 
willy-nilly.411 In that sense, "instinctual passions" arose.412 More generally, 
Unzer recognized the physiological possibility that voluntary control could 
take over initially involuntary processes. 413 Respiration was the most inter
esting case.414 It led Unzer to conceive of ontogenetic development within 
the higher animal organisms that exhibited a shift from involuntary to vol
untary. 415 This created the possibility, which he did not pursue, that this 
could be viewed as a development across organisms, from lower to higher: 
an idea with enormous potential for the balance of German life science over 
the later eighteenth and beginning of the nineteenth century. 

In 1771 Hailer was Unzer's principal interlocutor, much as he had been 
for Caspar Friedrich Wolff in the 176os. Unsurprisingly, in his review (more 
accurately, his dismissal) in the GGA, Hailer responded to Unzer's revision
ism with the same magisterial condescension he had shown Wolff.416 Un
zer responded in detail to the review in his Physiologische Untersuchungen: 
Auj Veranlassung der Gottingischen, Frankfurter, Leipziger und Hallischen Recen
sionen seiner Physiologie der thierischen Natur (1773), though without identify
ing the reviewer explicitly as Haller.417 Phrase by phrase, Unzer defended 
himself against each point in the review, often cleverly enough faulting the 
reviewer for misunderstanding Hailer (i.e., himself) !  He did not back off 
one iota from his disputation of Hailer's theory of irritability or from his ad
vocacy of the neurophysiological alternative he had propounded. 
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J O H A N N  T E T E N S : T H E  P H I L O S O P H I C A L  

U P T A K E  O F  I S S U E S  F R O M  L I F E  S C I E N C E  

important effort in German philosophy to come to terms with issues 
life science came with the two-volume compendium by Johann Nico

Tetens, Philosophische Versuche iiber die menschliche Natur und ihre Ent
ucke.tun� (1777). 418 The work had immediate and widespread impact in the 
�.uui111 philosophical community.419 It is certainly no coincidence that]. G. 
Hamann could report in a letter to his friend Herder (May lJ, 1779) that in 

years leading to the completion of his Kritik der reinen Vernunft (1781) 
Kant had this work by Tetens constantly open on his writing desk. Tetens 
showed a remarkable attunement to the essential issues of his time across 

a wide variety of fields, including much we have considered in this chapter. 
He discussed in discriminating detail the ideas of SiiBmilch and Herder on 
the origin of language, of Reimarus and Unzer on instinct and physiology, 
of Bonnet and Wolff on preformation and epigenesis. He related all of this 
to the confrontation of Wolffian school philosophy with British empirical 
psychology. And, as well, Tetens was cognizant of the challenge of (French) 
"materialism," especially as this was propagated, somewhat ironically, by 
the psychological speculations of Charles Bonnet. 42° From Tetens, then, we 
can discern, more clearly than from any other single source, what sophisti
cated German philosophy considered the essentially contested issues of life 
science by the close of the 1770s. 

Tetens proved the most discriminating critic of Bonnet within the Ger
man psychological community. 421 Did the new neurophysiology leave any 
room for an immaterial soul, and if so, how could it be conceived to interact 
with the body? These were problems at the metaphysical core of the Leib
nizian tradition, but neitherTetens nor Unzer (nor even Reimarus) believed 
they could be resolved by a metaphysical doctrine, not even by Leibniz. In
stead, Tetens affirmed with Unzer that this had to be a question of empirical 
inquiry, following the methods of observation and experiment as far as they 
could reach.422 Unzer represented the most advanced level of physiologi
cal theory for Tetens, even beyond the work of the "greatest physiologist" 
of the epoch, Hailer. 423 The question that Unzer made salient helped Tetens 
to advance to a more complex perspective, as the title of his thirteenth es
say ("On the Essence of the Soul in Humans") betokened. The fundamental 
issue was the relation between the soul and the brain, the neurophysiologi
cal domain in which Unzer had made his most distinguished contribution 
(and in which Bonnet's mechanistic psychology also situated itself promi-
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nendy). Pointedly, Tetens urged iliat Bonnet's brain-fiber account of human 
consciousness represented not empirical science but pure speculation
indeed, it was metaphysics wiiliout acknowledgment. 424 In this, Tetens af
firmed positions iliat Unzer had explicidy taken against Bonnet.425 Unzer 
provided, by contrast, die most plausible empirical evidence and interpreta
tion. Unzer took die view iliat die lower animals literally had no soul. For 
Tetens, iliis went too far in one direction, just as Bonnet's commitment to 
soul-or, indeed, many souls-in a polyp went too far in die oilier.426 

In Philosophische Versuche Tetens took up die issue of preformation ver
sus epigenesis in what many consider die most discriminating form in his 
day. He identified the extreme positions wiili Charles Bonnet (preforma
tion, or, as Tetens and his age termed it, Evolution) and Caspar Friedrich 
Wolff (epigenesis). But in fact he found Wolff's experimental results un
convincing for die most part, and he turned to die earlier ideas of Buffon 
as a more convincing representation of die merits of epigenesis. 427 By con
trast, he endorsed much of Bonnet's position, only faulting it for going too 
far.428 Thus, Tetens believed iliat Bonnet and Hailer had made a compelling 
case for the necessity of a preexisting.form for die reproduction of organ
isms; oilierwise, die species continuity and die organic coherence of each 
new specimen seemed to hini too inexplicable.429 On die oilier hand, he be
lieved iliat, via die epigenesis proposed by Buffon and Wolff, organisms de
veloped, incorporating into themselves alien, even inorganic materials and 
creating new forms, even developing ilirough stages, especially in die em
bryo, which would be displaced in die ultimate, mature organism. 430 The 
question of "new forms" was, he asserted, die essentially contested issue 
between evolution and epigenesis.431 An adequate ilieorywould have to incor
porate boili die need for a guiding design and die recognition of emergent 
properties. What he liked about Buffon's version of epigenesis was precisely 
die latter's insistence on an "interior mold," a preexisting, necessary form 
for die organization of die "organic molecules" of each new organism.432 As 
always, Tetens sought an intermediate position. Thus, he proposed "evolu
tion via epigenesis": "an evolution from wiiliin iliat can occur through epi
genesis.;''433 "[T]his epigenesis ilirough evolution appears to be die general 
form of emergence of organized beings.;''434 On die basis of a fixed original 
form, die organic matter of a new organism formed itself and grew into die 
mature form via die mechanical processes characterized by epigenesis. 

Epigenesis would become die central point of contention between die 
philosophies of life science of Herder and Kant in die 178os. Wiili Johann 
Friedrich Blumenbach's elaboration of the notion of a Bildungstrieb from 
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1781 fotward, epigenesis became dominant. 435 These ideas fused with ques
. tions of Lebenskraft and animal instinct-'lrieb, out of Reimarus-to con

solidate the theoretical frame of emergent life science, culminating in Carl 
Friedrich Kielmeyer's pathbreaking address of 1793 delivered at the Karls
schule in Stuttgart. 436 The balance of this inquiry will trace this trajectory. 



C H A P T E R  S I X  

From Natural History to History 
of Nature : From Buffon to Kant 
and Herder (and Blumenbach) 

Natural history has been, until now, really the description of Nature, as Kant 
has very correctly remarked. He himself uses the name "natural history" for 
a particular branch of natural science, namely, the knowledge of the gradual 
alterations which the various organisms of the Earth have suffered through 
the influence of extemal nature, through migrations from one climate to an
other, and so forth. 

S C H ELLING, 1 799' 

"The parallel between the history of the earth and the history of the animal 
world"-to invoke the tide of an essay by Reijer Hooykaas-proves decisive 
for the gestation of biology in the eighteenth century.2 Historicizing geol
ogy would have a direct bearing on the historicizing of life and hence on 
the emergence of a science of biology. Both histories were new, Hooykaas 
notes, but "the new discipline of the 'history' of the earth influenced the 
still younger discipline of the 'history of life."'3 In the course of the eigh
teenth century, "natural history" in its classical sense of natural descrip
tion (Naturbeschreibung), which had found brilliant systematization in the 
work of Linnaeus, underwent a mutation to "history of nature" (Naturge
schichte), that is, the explicit recognition that nature changed and developed 
over time. 4 Actually, four fundamental "emergence" problems were driving 
natural philosophy toward historicization in the eighteenth century: in de
scending order of scope, (1) the problem of the origin of the regularities ob
served in the plane and orbital direction of the planets in the solar system; 
(2) the problem of geological change; (3) the problem of the emergence of 
life and its differentiation into species; and (4) the problem of the genera
tion of individual living beings.5 Newton made the first a central issue for 
natural philosophy with his "General Scholium" of 1713.6 The second would 
lead to the establishment of the modern science of geology. The third and 
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ourth became the essential issues of modern life science. Over the course of 
he eighteenth century, the notion that nature was not constant in its order 

mt rather developmental forced a critical appraisal of the methodological 
·esources science might possess for grasping this.7 

While Michel Foucault, among others, believed that this notion of histo

icity was incongruous with the "classical episteme" and could make sense 
mly after 18oo, the evidence is clear that a shift began considerably ear
ier.8 The movement to a history of nature developed gradually over the 
:ighteenth century. The most obvious locus of this shift to a literal "history 
1f nature" was in the study of the earth.9 Unquestionably, the discourse of 
1 "history of the earth;' starting with the burst of English "theories of the 
:arth" from Thomas Burnet (1635-1715), William Whiston (1667-1752), and 
ohn Woodward (1665-1728), was longstanding by 1749.10 A good proxy for 
he gestation period of the historicization of nature would be from the com
losition of Protogaea by Leibniz in the late 168os to its full publication only 
n 1749, or the similar history of Benoit de Maillet's science-fiction novel, 
r'elliamed.11 The first volumes of Buffon's Histoire naturelle, which appeared 
n 1749, represented a decisive milestone in these developments. An impor
ant climax came with his great work of 1779, Les epoques de la nature.I2 By 
nidcentury the historicization of nature had had a place in the minds of 
�::ey philosophers and students of nature, and its consequences for other in
tuiries, particularly in life science, preoccupied the balance of the century. 

Martin Rudwick has written that this "new and surprising conception of 
he natural world[,] . . .  the earth itself, . . .  as contingent, as unrepeated, and 
IS unpredictable" -was "quite limited" until after 1790.13 The breakthrough 
o authentic historical geology ("geohistory") came, he elaborates, with the 
lill10uncement of a prize competition by the Teyler Foundation in Haarlem 
n the 1780s. The question posed was "How far can one infer-on indisput
tble principles, [and] from the known character of fossils, from the beds 
n which they are found, and from what is known of the past and present 
:ondition of the earth's surface-what changes or general revolutions the 
;urface of the globe has undergone; and how many ages must have since 
�lapsed?m4 The winner of the contest, Fran<rois-Xavier Burtin (1743-1818), 
!Vith his Revolutions generales (1789), "highlighted the capacity of fossils to 
tct in their own right as nonhuman sources of historical evidence.''15 More 
heoretically, Burtin believed in the possibility that, though the origin of this 
Iistory "is lost in the immensity of time, admits neither dates nor rigorous 
:alculation, [it does disclose] epochs and a perceptible direction.'n6 

Rudwick pursues the history of geology that the Haarlem query inaugu-



174 C H A P T E R  S I X  

rated. My concern is how that question came to be possible at all: what were 
the elements of its gestation? The language of "epochs" and "revolutions" 
was firmly established in the mind-set of the moment. Its genesis passed 
through Buffon and stretched back, however problematically, to Linnaeus, 
Leibniz, and Woodward. Whatever the "speculative" character of the genre, 
"theories of the earth" proved the decisive womb in which genuine histori
cization ("geohistory;' as Rudwick calls it) gestated, leading to conceptions 
of "revolutions" and species extinction ("catastrophism") based on fossils 
and their stratificationY 

"The Theory of the Earth is a completely new science; it consists in de
ducing Phenomena of Nature; the formation of our Globe; the changes it 
underwent since then and those yet to come. The Ancients have absolutely 
ignored this science." So wrote Louis Bourguet (1678-1742) in 1729.!8 Bour
guet had been in correspondence with Leibniz and was aware of the brief 
summary of Leibniz's Protogaea in the Acta Eruditorum (1693).19 He was also 
a keen student of British "theory of the earth," particularly Woodward's ver
sion, which he and his Zurich friends, the brothers Scheuchzer, especially 
Johann Jakob (1672-1733), debated with the great Italian naturalist Antonio 
Vallisneri (1661-1730). Bourguet's own work marked a significant contribu
tion to this "new science.'' Rhoda Rappaport calls him "the most thoughtful 
of Continental diluvianists."20 Typically, retrospective historical study has 
pounced on the first aspect Bourguet mentions-deducing Phenomena of 
Nature-deeming it a sterile speculative undertaking. That has disregarded 
the crucial terms "formation of our Globe [and] the changes it underwent 
since then." For Bourguet, the new science needed to be a science about his
torical change in the earth. 

Historical geology arose from the conundrum over the "meaning of 
fossils.''21 Specifically, seashells appeared atop the highest mountains of 
Europe. How could that have happened?22 It was not unreasonable at the 
time to presume that the Noachian Deluge might be an explanation.23 Pi
ety alone cannot explain the adherence to the Deluge by geologists from 
Woodward through Bourguet to Jean-Andre Deluc (1727-1817).24 It solved 
a real scientific problem. But could the one Deluge account for all the sepa
rate strata of fossils, and could it really have been universal and not local? 
Those mountain fossils and all the other anomalies empirically presented 
in field research became an unbearable weight for the old theories of the 
earth by the middle of the eighteenth century, and real historicization of 
nature became inescapable.25 For a time, some geologists, motivated by re
ligious as well as scientific concerns, sought to find a way to incorporate 
both extensive duration and the centrality of the Deluge into their theories. 
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They articulated a theory of early turbulence, punctuated by the Deluge, 
and succeeded by ongoing stasis through the present. A crucial example is 

the Genevan geologist Deluc, 26 who became an intermediary between the 
earlier "geotheorists" and such pioneer paleontologists as Blumenbach and 
Georges Cuvier.27 

Central to this whole question of the historicization of nature is Buffon's 
role. In a provocative and important essay, John Eddy has disputed the sub
stantial efforts by Jacques Roger and Phillip Sloan to uphold Buffon's "his
toricism."28 For Roger, the essential locus of historicism in Buffon lay in his 
more and more intense preoccupation over time with "variation" within 
species and with "hybridization" among closely related species.29 Buffon's 
research, as he composed his natural history of the animal kingdom, forced 
him to modify his initial definition of species and, by the 176os, to elaborate 
a more encompassing notion of closely related species (a "family") among 
which interbreeding was possible, but only because they shared descent 
from a common ancestor. This also set limits on the extent of their pos
sible variation and hybridization. This sense of "degeneration of animals," 
as Buffon entitled his most extensive discussion of this problem in 1766, led 
him, according to Roger, to a preoccupation with historical questions. Buf
fon himself wrote of a "far more ancient state [of nature from that of our 
own day] which we cannot access at all except via inductions and relations 
which are almost as ephemeral [jugitijs] as Time [itself], which appears to 
have covered over all their traces; nevertheless, we shall attempt to return 
[remonter], via facts and via monuments which still exist, to those first ages 
of nature and to present the epochs which appear clearly indicated to us!'30 

That, Roger contends persuasively, was a "historical project," indeed, one 
that would seem to presage Buffon's later Epoques. Unfortunately, Roger in
forms us, "the history we find in the Epoques is of a different order."31 After 
1766, influenced by Dortous de Mairan's study of ice and the establishment 
of a specific internal heat of the planet itself distinct from solar radiation, 
Buffon began to concentrate his efforts on a theory of the cooling of the 
earth as an irreversible geophysical process.32 The history of living things, 
in that light, necessarily became ancillary to inexorable physicochemical 
changes associated with the gradual cooling of the planet. Indeed, that his
tory would end with their utter extinction. In the interval, living things 
would struggle to adapt to the cooling world by migrating to warmer climes, 
if possible, but many would simply perish. That model displaced Buffon's 
earlier concern with "degeneration!' While he did not abandon the latter, it 
no longer seemed so important. 

Eddy presses his case aggressively: "Buffon was no more a forerunner of 
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historicism than he was a precursor of evolutionism.''33 In particular, Eddy 
disputes Sloan's claim to discern in Buffon an "opening to true historic
ity in the concept of species.''34 Eddy objects: "just because Buffon thought 
of species as temporal organic continuities (temporal durations) does not 
mean that he thought of species as historical beings. In fact, . . .  Buffon did 
not think of species as historical in any sense.''35 For Buffon, "species, al
though manifesting themselves in temporal succession, remain single liv
ing wholes, that is, reproductions of prototypes and independent of time.''36 
Buffon's "species as organic types were universals, removed from the earth's 
history . . .  [and] not, then, as Sloan believes, only concrete historical lin
eages; they are also universal types of organic organization.''37 Like Roger 
in seeing the late Buffon as moving toward geophysical determinism, Eddy 
concludes that, even in the Epoques, "Buffon did not develop some new his
torical vision of living nature.''38 Instead, "Buffon eventually explained all 
phenomena, living and nonliving, as manifestations of the same Newtonian 
laws.''39 Rudwick is entirely in agreement: "Superficially, this second geo
theory [the Epoques] might seem to anticipate modern reconstructions of 
geohistory. But in fact it was profoundly ahistorical, for it postulated a series 
of changes that had in effect been programmed into the system from the 
start, and that could be extended into the future with the same degree of 
confidence."40 

All such contentions notwithstanding, rather than ask whether Buffon 
satisfies our conceptions of historicity, it proves more germane to consider 
how Buffon was received in his own time. Indeed, whatever Buffon himself 
intended-either in the opening volume of the Histoire nature/le (1749) or 
the later Epoques de la nature (1779)-the reception of his work by the close of 
the eighteenth century took it to signify historicization of nature. 

K A N T  A N D  T H E  C O N C E P T U A L  C RY S T A L L I Z A T I O N  

O F  " H I S T O RY O F  NAT U R E "  

One of the key eighteenth-century interpreters of Buffon who unequivo
cally took him to be a proponent of the historicization of nature was lm
manuel Kant. 41 Over the second half of the century, Kant would play a 
crucial role in defining Naturgeschichte to mean quite literally a develop
mental and generative reconstruction of nature's past, an "archaeology of 
nature.''42 Despite the reservations he would develop after his "critical" 
turn-reservations especially spurred after 1784 by the radically historicist 
reception of Buffon's work by Johann Gottfried Herder-Kant was taken by 
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the wider community in Germany as the key exponent of this usage for the 
balance of the century. 43 And others took up the impulse to create a devel

opmental theory of Naturgeschichte notwithstanding his later resistance.44 
Johann Friedrich Blumenbach would become significandy caught up in this 
aspect of the field. 

The earliest appearance of the term Naturgeschichte in Kant's writings 
came in 1754, at the close of his litde essay "Whether the Earth in Its Rota
tion . . .  ;' announcing his forthcoming work, Universal Natural History and 
'l'heory of the Heavens (1755). He proposed "an experiment with a natural 
history of the heavens . . .  in which the earliest condition of nature [erste 
Zustand der Natur], the gestation of cosmic bodies [Erzeugung der Weltkor
per], and the causes of their systematic relations would be determined from 
the traits [Merkmaalen] that the [current] relations of the order of the uni
verse in themselves demonstrate [die Verhiiltnisse des Weltbaues an sich zei
gen]."45 The specific wording of this passage is very important for Kant's 
subsequent usages. First, Kant indicated that this was a (thought) experi
ment, not anything close to an apodictic knowledge claim. Second, Kant 
affirmed "actualism;' that is, the applicability of current "relations" of the 
universe in reconstructing earlier natural configurations. Third, the basis 
for such an extension of knowledge into the past was the availability of 
"traits" (Merkmaalen) that persisted into the present. Finally, and crucially, 
Kant concerned himself with original condition (erste Zustand) and with ges
tation (Erzeugung), not simply development (Auswicklung). These are crucial 
methodological posits of a historicization of nature, and it is important to 
note that Kant embraced all of them already in 1754. Equally important is 
Kant's elaboration that his undertaking was simply "to attempt in the large, 
or better said in the infinite, what the history [Historie] of the earth entails in 
a smaller scope," and hence carried the same warrant as the latter inquiry, 
which was "in our days the object of considerable efforts at construction!'46 
Kant was clearly aware of Buffon's work (and its tide) and in all likelihood 
also of Leibniz's Protogaea, both of which appeared in print in 1749.47 

Kant, in the passage cited from 1754, referred to the genre as "history of 
the earth," not "theory of the earth," and Historie meant, literally, formation 
and development, not description. This was exactly what Louis Bourguet, 
with whose work Kant was quite familiar, signified as the essence of this new 
science.48 More immediately, the German translation of Buffon's work, su
pervised by the important German natural philosopher A. G. Kastner, began 
appearing in 1750/51 with a tide, Allgemeine Historie der Natur, emphasizing 
the new, literally historical sense of Buffon's phrase histoire nature/le. Strik-



178 C H A P T E R  S I X  

ingly, in Kant's book of 1755, Naturgeschichte was used only in title headings, 
without conceptual elucidation.49 In the later 1750s, however, Kant created 
a pioneering new course on "physical geography" which pursued the ques
tions that animated his little essay of 17 54 and also responded to the consid
erable interest engendered by the terrible Lisbon earthquake of 1755.50 In 
the now-published formulation of the initial course in physical geography, 
Kant devoted "Part Eight" specifically to the "Account [Geschichte] of the 
great transformations which the earth has suffered earlier and still suffers 
now!'51 Given his frequent teaching of the physical geography course (forty
eight times over his career) and its distinct pedagogical importance for him 
(in preparing his students for their lives in the "world" of affairs), we have 
reason to believe that Kant remained very attentive to the literature on 
"theory of the earth" and on "natural history" over the ensuing decades. 52 

There was a twenty-year gap, nonetheless, before the term Naturge
schichte again appeared in a publication by Kant. That reappearance, on 
the other hand, proves decisive. In 1775 Kant explicitly sought to redefine 
Naturgeschichte away from its traditional descriptive signification into an ac
tual historical reconstruction of geological and biological orders. "We take 
the terms natural description and natural history typically as having the same 
meaning. But it is clear that the knowledge of natural things as they now are 
still leaves wanting the knowledge of what they earlier were, and what se
quence of changes they underwent in order to come in each locality to their 
current condition [durch welche Reihe von Veriinderungen sie durchgegangen, 
um an jedem Orte in ihren gegenwiirtigen Zustand zu gelangen]!'53 His decisive 
inspiration, as he made clear in his essay, was Buffon.54 Kant explicated pre
cisely what a history of nature would involve: 

The history of nature, of which we presendy have very litde, would teach us 

about changes in the shape of the earth, and also the changes that the creatures 

of the earth (plants and animals) have undergone through natural migrations, 

and thereby about the degenerations [Abartungen] from the original form [Ur

bilde] of the stem genus [Stammgattung]. It would in all likelihood reinterpret a 

large number of apparendy distinct types [Arten] into races of the same species 

[Gattung] and transform the currendy very diffuse system of academic natural 

description into a physical system for the understanding [i.e., a science].55 

That is, in place of logical classes (Schulgattungen), one could discern actual 
natural genealogies (Naturgattungen). "The divisions of the schools have to 
do with classes based on similarities; the divisions of nature, however, con
cern lineages [Stiimme] that discriminate animals in terms of consanguin
ity [Verwandtschaften] in terms of their generation."56 Sloan aptly notes that 
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Kant's formulation entailed "historical alteration, and it also is concerned 
with issues of origins, or at least with changes from an original state.''57 In 

1775 Kant did not believe that any of this was beyond the reach of science. 
He was, in fact, inspired by what Buffon was undertaking in geological his
tory and the history of organic life. 

The specific language of Kant's passage should be correlated with the 
formulations in Buffon's crucial "Degeneration des animaux" essay in His
toire nature/le from 1766. Not only does this betoken Kant's study of Buffon's 
ongoing publication, but it suggests as well Kant's own sense that the "cut
ting edge" issue was to conceptualize the "stem genus" and to coordinate 
''varieties" within it in a more rigorous theory. This was precisely what Buf
fon had come to accentuate in his own work. In the words of Eddy: 

[I]n 1766 he admitted that environmental factors can alter the organic forms 
of the original prototypes to the point that different but similar species seem 
to have stemmed from the same' source . . . .  All the species in a genus, what
ever the alteration, stemmed from the same prototype and are presumed to be 
reproductively compatible. In 1764 and 1766 Buffon identified genera in the 
same manner that he had earlier, in 1753, identified species: genera are groups 
of species (the species that descends directly from the original stock plus all 
altered collateral species) capable of interbreeding with one another and stem
ming from a common organic source. 58 

Kant's essay on human races constituted a self-conscious elaboration of 
just this interpretive problem. He believed in the possibility and the future 
of this new historical approach to earth science. The essay clearly enunci
ated this agenda and identified his own work (as armchair scientist) as part 
of this undertaking: 

Natural description (the state of nature in our current moment) is by far insuffi
cient to establish the basis for the multiplicity of variations [Mannigfaltigkeit der 

Abartungen]. It is necessary, however much one might also and correctly oppose 
insolent opinions [auch und zwar mit Recht der Frechheit der Meinungen feind ist], 
to dare a history of nature, which is a separate science [eine abgesonderte Wissen
schajt] that will in all likelihood [wohl] advance from [mere] opinions to [ac
tual] insights. ss 

Indeed, in his essays on race (1775/77, 1785, 1788), Kant considered himself 
to be actively participating in this emergent natural inquiry. 60 

But what induced Kant to mention "insolent opinions" in this context? 
To grasp this, we must register that the pursuit of natural history had for 
some time been decisively embroiled in "physicotheology.'' Here, the crucial 
figure was Reimarus, but another important influence, especially for Kant, 



180 C H A P T E R  S I X  

was Maupertuis. 61 What Kant dreaded was materialism, or, as he phrased 
it, "hylozoism.''62 The irony was, Kant had personally trained the most for
midable German hylozoist,Johann Gottfried Herder, and he would have to 
deal with that for the balance of his career. 

H E R D E R  A N D  T H E  M A K I N G  O F  A 

B U F F O N I A N  H I S T O R I C I S M  

There can be little question that "Buffon's Histoire nature/le had an essen
tial influence on Herder's conception of natural history and his way of 
thinking in general."63 We can grasp this more clearly, however, if we be
gin with Herder's relation with Buffon's philosophical expositor, Denis 
Diderot. In November 1769 Herder arrived in Paris, after having holed up 
in Normandy for many months getting up his nerve (and his French) for 
the venture. 64 One of the claims he made about his visit to Paris was that 
he met Diderot. 65 Imagine what it would have meant had Herder had the 
linguistic facility and the intellectual opportunity to have discussed with 
Diderot the latter's remarkable achievement of the prior summer-the Reve 
de d'Alembert. 66 Diderot and Herder enunciated some of the most powerful 
systematic conjectures about nature as a self-contained and infinitely crea
tive system (natura naturans) that the eighteenth century would witness.67 
What these two exceptional thinkers shared, even if they could not discuss 
it together in 1769, was a "Spinozism" that entailed a specific and creative 
misreading of the seventeenth-century philosopher as a theoretical resource 
for the articulation of a more subtle and dynamic materialism. 68 Herder 
had a sharp sense for the emergence of the new paradigm of vital material
ism that sought to integrate problems of organic life with problems of ac
tive principles in the physical sciences. As Elias Palti has noted: "the study 
of the natural sciences of his time clarifies fundamental aspects of Herder's 
historical view, and, conversely, the analysis of Herder's philosophy allows 
us to better understand [the developments in natural science].''69 

The Diderot-Herder connection is important in the reconstruction 
of the impetus of natura naturans across the eighteenth century. Diderot 
and Herder shared an insistence on continuity-from plant to animal, to 
be sure, but more radically from inorganic to organic and from animal to 
man. Diderot reached the same conclusion that Herder would reach: that 
all the complex forces discerned by "experimental physics" needed to be 
interpreted in terms of a single universal force.7° Yet there were differences 
between them. If Spinoza was a vehicle for Diderot to dispense with God, 
that is, to see Deus sive Natura as atheism, for Herder Spinoza was a vehicle 
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to reconstruct God, that is, to see Deus sive Natura as pan(en)theism, an im
manent, nonanthropomorphic theology.71 Diderot systematically sought to 
remove all trace of God. Herder, while consistently pursuing the immanent 
operations of nature, always retained a theological concern. But as both 
worked through the concrete issues of interpreting nature, they ended up 
theorizing a vital materialism. On the other hand, Diderot never embraced 
the possibility of a history of nature in the sense of what we would call de
velopment. He remained committed to a radically Lucretian sense of chance 
and emergence.72 Herder, by contrast, had a very historicist mind. Nature 
was for him unquestionably historical, though he hesitated-for theologi
cal reasons, one suspects-before embracing species change.73 For Diderot, 
vitalism reduced to a stark form of "spontaneous generation.''74 For Herder, 
"formation [Bildung]" had an inherently developmental character, whether in 
man or in nature. It was this that drew him from Diderot to Buffon. But it 
also figured in Herder's seminal reconstruction of Spinoza. 

Herder began seriously to work through Spinoza's ideas in 1769.75 In 
his last years in Riga he devoted himself to an intense study of Leibniz's 
Nouveaux essais (published in 1765), along with some of his earlier writings, 
and to the study of Spinoza in a Leibnizian context.76 Herder read Leibniz 
through Spinoza and Spinoza through Leibniz to find a philosophical mode 
for articulating his consistently naturalist insight. 77 Force and dynamism 
were essential for the new natural philosophy, but it was equally essen
tial that these be seen as immanent in nature.78 Leibniz was important for 
Herder because he dynamized the natural order. On the other hand, Leib
niz robbed the material world of metaphysical reality, whereas for Herder, 
"Nature had the most exalted reality."79 This insistence on the actual world 
brought Herder far closer to the viewpoint of "physical influx" than Leib
niz had at all been prepared to go.80 But this also shows how the project of 
"hylozoism" needed to appropriate Spinoza. Herder sought to revise Leib
nizian dynamism from a transcendent to an immanent monadology. 81 Just 
this inspired his reinterpretation of Spinoza to balance Leibniz. One found 
dynamic polarity, Herder wrote, 

spread throughout the whole world order. Everywhere two forces set against 

one another that nonetheless must work together and in which only by the 

combined and appropriate influence of both emerges the higher reality of a 

wise order, development, organization, life. All life arose in such a manner 

from death, out of the death of lesser forces, all wholes of order and of design 

from light and shadow, out of diverging, mutually opposing forces . . . .  Mathe

matics, physics, chemistry, physiology of living beings all seem to me to provide 

evidence for this everywhere. 82 
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Herder had developed this ubiquitous vitalism fully by the mid-1770s. He 
wrote these lines in "Uber die dem Menschen angeborene Liige," which can 
be dated to those years. 

In 1787 Herder claimed his reworking of Spinozism provided a coherent 
interpretation that would bring 

an end to all the objectionable expressions of how God, according to this or 

that system, may work on and through dead matter. It is not dead but lives. For 

in it and conforming to its outer and inner organs, a thousand living, manifold 

forces are at work. The more we learn about matter, the more forces we dis

cover in it, so that the empty conception of a dead extension completely dis

appears. Just in recent times, what numerous and different forces have been 

discovered in the atmosphere! How many different forces of attraction, union, 

dissolution and repulsion, has not modern chemistry already found in bodies?83 

Herder's vitalist materialism thus invoked the most important recent devel
opments in the natural sciences, especially in the fields of electricity, chem
istry, and physiology. 

Central to Herder's magnum opus, the Ideen zur Philosophie der Geschichte 
der Menschheit, was the conviction that there could be no categorical divide 
between nature and (human) history.84 Hans-Dietrich Irmscher notes, 
"It is striking that Herder makes absolutely no effort to bridge [the] gaps 
[between nature and culture] with reference to the freedom of God and 
those made in his image. Instead, he calls for a continuous, purely imma
nent historical transition and coherence!'85 Kant, by contrast, wished to 
dissociate nature and culture to the highest degree possible without con
tradiction. 86 As Martin Bollacher has noted, "the main thrust of Kant's cri
tique of the Ideas was aimed, not at Herder's argument from concepts that 
were no longer drawn from sensible experience, but at the pantheistically 
grounded perspective of a genetic relation and natural-historical develop
ment of the 'species!"87 Reinhard Brandt grasps the largest sense of differ
ence: Kant could not tolerate the idea of continuity from the inorganic to 
the organic. 88 

Herder asserted across the board a "natural history" whose cosmologi
cal dimension he had learned from Kant and whose biological idea he took 
from Buffon and Caspar Friedrich Wolff.89 He saw increasing complexity 
and differentiation as an immanent principle of natural development, as 
an intrinsically historical character/tendency of the entire physical world. 
"Everything in nature is connected: one state pushes forward and prepares 
another!'90 "Nothing in nature stands sti11!'91 "Inferior powers ascend to 
the more subtle forms of vitality!'92 Herder sought for a conceptual struc-
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ture of transition. He found it in the notion of "forces" (Krajte).93 The result 
was a theory of the world as composed primarily of forces organized hierar

chically. "The one organic principle of nature . . .  that we here term plastic, 
there impulsive, here sensitive, there artful . . .  is at bottom but one and the 
same organic power."94 Thus, Herder proposed to discern morphological 
universals: "in marine life, plants, and even inanimate things, as they are 
called, one and the same groundwork may prevail, though infinitely more 
rude and confused.''95 "The new discoveries that have been made respecting 
heat, light, fire, and their various effects on the composition, dissolution, and 
constituent parts of terrestrial substances, the simpler principles to which 
the electric matter, and in some measure the magnetic, are reduced, appear 
to me . . .  at least considerable advances that will in time enable some happy 
genius . . .  to explain our geogony on principles as simple as those to which 
Kepler and Newton have reduced the solar system.''96 Herder's specific con
tribution was to elaborate on Kant's new sense of Naturgeschichte, the his
tory of nature, accounting for the immanent changes in physical nature 
discerned from the empirical record. "Before our air, our water, our earth 
could be produced, various reciprocally dissolving and precipitating forces 
were necessary . . . .  How many solutions and conversions of one into an
other do the multifarious species of earths, stones, and crystallizations and 
of organization in shells, plants, animals, and, lastly, in man presuppose !"97 
And further: "Various combinations of water, air, and light must have taken 
place before the seeds of the first vegetable organization, of moss, perhaps, 
would have appeared. Many plants must have sprung up and died before 
organized animals were produced.''98 Another passage advanced this spec
ulation more concretely: "From rocks to crystals, from crystals to metals, 
from metals to the world of plants, from plants to animals and finally to 
man, we saw the form of organization ascend and the powers and instincts 
of creatures simultaneously become more diverse and finally come together 
in the human figure (insofar as this could encompass them).''99 

Herder elaborated into a general interpretive principle the idea of epigen
esis, as it had come to prominence in contemporary generation theory and 
embryology.100 Herder referred explicitly to the work of William Harvey 
and Caspar Friedrich Wolff: 

How must the man have been astonished, who first saw the wonders of the 

creation of a living being! Globules, with fluids shooting between them, be

come a living point; and from this point an animal forms itself. The heart soon 

becomes visible and, weak and imperfect as it is, begins to beat . . . .  What would 

he who saw this wonder for the first time call it? There, he would say, is a living 

organic power: I know not whence it came or what it intrinsically is, but that it 
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is there, that it lives, that it has acquired itself organic parts out of the chaos of 
homogeneous matter, I see; this is incontestable.101 

If we contemplate these changes, these living operations, as well in the egg of 
the bird as in the womb of the viviparous quadruped, then, it seems to me, one 
is not being forthright [spricht man uneigentlich] if one talks of germs [Keimen] 

that are only developed or of an epigenesis according to which the members 
would accrete externally [die Gliedervon aussen zuwiichsen]. It is a matter of for
mation [Bildung] (genesis), an effect of internal forces for which Nature has pre
pared the raw materials [Masse] that they incorporate into themselves in order 
to make themselves visible,1°2 

That is, there exists an "internal nature [that] becomes visible in a mass ap
pertaining to it and that must have the prototype of its appearance in itself, 
whence or wherever it may be.m03 Herder denied individual preformation 
(das Evolutionssystem-emboitement) and merely external, mechanical change 
(Epicureanism) as sufficient explanations and argued that there had to be 
an inunanent force behind such variation. Herder called it "genetic force!' 

What Herder was suggesting as the proper sense of epigenesis was a fer
tile and unpredictable creativity in nature, a sweeping notion of its per
vasive fundamental "genetic force!' He was not rejecting but rather radi
calizing the idea of epigenesis. Kant understood exactly: "As the reviewer 
understands it, the sense in which the author uses this expression [i.e., ge
netische Kraft] is as follows. He wishes to reject the system of evolution, on 
the one hand, but also the purely mechanical influence of external causes, 
on the other, as worthless explanations. He assumes that the cause of such 
differences is the vital principle [Lebensprinzip] that modifies itself from 
within in accordance with variations in external circumstances and in a 
manner appropriate to these!'104 This was far too open-ended for Kant, and 
he insisted that this "genetic force" was not unlimited and could not lead 
to a mutation of species, and that the proper terms for it should be "germs 
[Keime]" or "original endowments [natiirliche Anlagen]." Such an interpreta
tion, Kant added, should simply accept this capacity for variation as a given 
incapable of further determinate elucidation.105 Otherwise, the very notion 
of species distinction was at risk. To be sure, Herder was careful to repudi
ate such a speculation explicitly: "In truth, ape and man were never one and 
the same species!n°6 But that could not disguise for Kant the radical po
tential latent in Herder's text; indeed, this was its historical impact for "at
tentive and adept readers," as Heinz Stolpe has acutely observed.107 Char
lotte von Stein wrote very aptly to this effect in a letter to Karl Ludwig von 
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Knebel.108 H. B. Nisbet, too, emphasizes that it was Kant's recognition of the 
potential in Herder's type theory for a transmutation theory that led to his 
critique.109 

Herder deliberately set about erasing the borders Kant had so carefully 
drawn not only between life and matter but also, and even more grievously 
for Kant, between animal and man.U0 Drawing extensively from the anal
ogy of botanical and zoological forms with those of humanity, he identified 
erect posture as man's decisive physiological difference from the rest. In 
what was the most imaginative segment of the work, Herder sought to cor
relate all man's distinctive cultural attributes with this essential physical at
tribute of erect posture.m Even in those aspects of humanity that were most 
authentically spiritual, Herder continued to uphold immanence of transi
tion. Thus, he proposed to read even reason as a natural emergent: "Rea
son is not innate, but acquired . . . .  Theoretically and practically, reason is 
nothing but something received, an acquired proportionality and direction 
of ideas and faculties, to which the human being is formed by its organiza
tion and way of life . . . .  He acquires reason from infancy, being formed to 
it, to freedom, and to human speech through art, as he is to his ingenious 
mode of movement.''112 The issue of the continuity of man with nature 
was the touchstone of the epoch for which Herder composed Ideas.113 For 
Goethe, enthusiastically following Herder's composition of the Ideas, this 
was Herder's whole point: in Goethe's words, "nothing [physiologically] 
specific could be found to differentiate between man and animals.?'I14 This 
was Herder's salience for late eighteenth-century German science: no one 
articulated with the same breadth and vivacity as Herder the prospect of 
confirming that continuity. 
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Johann Friedrich Blumenbach and 
the Life Sciences in Germany: 

His Rise to Eminence from the 1770s 

Johann Friedrich Blumenbach must become our Peter Camper! 

J. G .  Z I M M E RMAN TO B L U M E N B A C H , September 1 5, 1 7791 

If Albrecht von Hailer dominated German life science from 1740 to his 
death in 1777, another Gottingen professor, Johann Friedrich Blumen
bach (1752-1840 ), came to prominence in the remainder of the century and 
helped crystallize the emergent new discipline of biology.2 His long and 
distinguished career linked him as teacher, colleague, and mentor to virtu
ally all the important figures in the field, so that Blumenbach came to be 
the patriarch of German life sciences well into the nineteenth century.3 And 
yet, as Tanya van Hoorn observes apdy, "no comprehensive, ground-laying 
study of Blumenbach has yet been presented." She elaborates that the ab
sence of a full-fledged monograph on Blumenbach "is all the more incom
prehensible since Blumenbach's importance for the development of science 
is always being highlighted!'4 My treatment here makes a modest contribu
tion in light of this gap.5 

D E F I N I N G  " N AT U RA L  H I S T O RY " : F R O M  T H E  

G R E A T  A P E S T O  P H Y S I C A L A N T H R O P O L O G Y  

As John Gascoigne apdy points out, "it was in Germany particularly that 
natural history began to be reconceptualized . . . .  Blumenbach sought to 
elevate the conceptual significance of natural history. Such views eventu
ally set the scene for the emergence of the discipline of biology!'6 By shift
ing natural history toward comparative zoology, Blumenbach moved away 
from medicine as it was traditionally oriented (concerned with humans and 
their health) toward a relatively autonomous research program. We have 
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to begin from this shift in the semantic field of Naturgeschichte. In Ger
man eighteenth-century discourse, there was a clear distinction between 
Naturlehre, the general term used for natural philosophy or physical science, 
and Naturgeschichte, taken still in its traditional sense of the description of 
nature.7 A classic illustration of this was the composition of two key text
books by the Gi:ittingen scholar Johann Christian Polycarp Erxleben (1744-
77), the short-lived prodigy whose textbook in physical science dominated 
German academic instruction for the last quarter of the eighteenth century.8 

In addition to his famous Anfangsgriinde der Naturlehre (1st ed., 1772), he also 
published Anfongsgriinde der Naturgeschichte (1768).9 The terminology, as re
flected in Erxleben's titles, set apart the still-descriptive research domain 
(Fachgebiet) of natural history from that of the physical sciences: the first 
was content merely to collect accurate data, while the second sought the 
causes behind phenomena. 

Erxleben's two textbooks illustrate how natural inquiry in Germany ar
ticulated its semantic field in the third quarter of the eighteenth century. 
Of even greater significance are some emergent mutations in this field.10 
An early exemplar was the inaugural address delivered in J en a in 1762 by 
the professor of medicine Ernst Gottfried Baldinger (1738-1804), later to 
move to Gottingen and become Blumenbach's academic supervisor (Dok
toruater).11 In his address, Grenzen der Naturlehre, Baldinger drew three dis
tinctions in terminology.I2 First, he distinguished Naturlehre from applied 
mathematics by virtue of its empirical, as opposed to a priori, element. Sec
ond, he distinguished Naturlehre from more specialized fields of investiga
tion, like chemistry and mineralogy, by virtue of its universal scope. Finally, 
he distinguished it from traditional Naturgeschichte, because it had causal 
and explanatory ambitions, not just descriptive ones. Baldinger's statement 
reflected the moment of transition of the semantic field of German natural 
science. What he still termed Naturlehre would come to be called Naturwis
senschaft, but, as in his account, it would stress the empirical as against the 
mathematical in its ambition to extend its scope to embrace all the emer
gent domains of natural-scientific inquiry.B And, of greatest relevance here, 
a new conception of Naturgeschichte would seek recognition as one such ex
planatory natural science, not merely description.14 This aspiration had 
been clearly articulated by Buffon in the opening statement of his Histoire 
nature/le, and the case for a nonmathematical conception of "experimental 
physics" got taken up with enthusiasm by Diderot and even by Maupertuis 
(first in France and then in Berlin). 

Over the second half of the eighteenth century, "natural history" came 
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to be problematized and reformulated along crisscrossing dimensions. The 
first and most salient was the line of tension between a concern with clas

sification (taxonomy), associated most eminendy with Linnaeus, and a con
cern with development (the literal history of nature), which the eighteenth 
century associated with Buffon. The career path of the great Dutch natural

ist Peter Camper (1722-89) was paradigmatic here. He began as an enthu

siastic Linnaean, but by the end of his career, as he committed himself to 
developmental zoology, he called Linnaeus the most "superficial natural
ist" he knew.15 A second polarization has already come under scrutiny in 

this study, namely, that between the "party" of Reaumur (Trembley, Bon
net, Sennebier), ostentatiously committed to "observation?' and the "party" 
of Buffon (Maupertuis, Diderot, et al.), who advocated "interpretation." 

Reaumur's partisans imputed the "spirit of system" to their opponents, in
sisting that the business of inquiry should be restricted to the observation 
and collection of data, with interpretation to be deferred indefinitely. They 
lambasted Buffon for "speculation?' for "fiction" and "romance" in place of 
rigorous inquiry. But theoretical interpretation could not be deferred indefi
nitely, even by such ardent "observers" as Bonnet, who proved altogether a 
"theorist" in his own right.16 Buffon's effort to raise the level of natural his
tory to a form of natural philosophy ended up triumphing by the close of 

the century. Camper, again, is illustrative in his condemnation of bad natural 

history in which one could find "nothing to do with the internal structures, 
nothing to do with the senses, nothing with the growth of offspring.m7 

In the course of the eighteenth century, the attention of natural history 
shifted away from the traditional tripartite division (animal, plant, and min
eral) to the boundary between the animate and the inanimate and to the 

question of transition or continuity between domains-that is, the nature 

and the origins of life, the border between plants and animals, and espe
cially that between animals and man. Boundaries needed to be explained, 
not just described, if there were to be unity in the sciences of nature. In just 
that measure natural history took on far more ambitious theoretical aspira
tions. As one instance of this general turn, the self-formation of crystals as
sumed great salience in construing the transition between inert matter and 

organic form.18 Yet even the crystal's demonstration of "formative forces" 
in nature could not fully capture the uniqueness of organic form, which did 
not simply accrue at the margin of the entity (per appositionem) but inte
grated new material throughout the growing form (per intussusceptionem).19 

A final, more concrete dimension of the reorientation of natural history 

had to do with its research focus with respect to botany and zoology. There 
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had long been an emphasis on botany in the medical school curriculum, 
oriented, of course, to pharmacology.20 Thus, no medical school was with
out its botanist, and in the era of Linnaeus botany was no minor pursuit. 
He made botany the exemplary domain in achieving a rigorous taxonomi
cal approach to natural history.21 Still, by the second half of the eighteenth 

century, zoology had become the most exciting domain of inquiry. 22 Buffon's 
great Histoire nature/le began with many volumes treating the animal king
dom. This became the prime concern of Camper, then Blumenbach. 

Zoological interest concentrated overwhelmingly on the vertebrates until 
the close of the century when Lamarck's great work revealed the enormous 
theoretical significance of the character and variety of the invertebrate 
realm.23 Indeed, interest focused still more narrowly for a time on what had 
come to be classed as "mammals!'24 Two major bodies of new evidence gal
vanized this fascination with vertebrates and more specifically with mam
mals. The first was the discovery of fossilized remains of remarkable crea
tures that were at once similar to living forms and yet at the same time 
strikingly different.25 In Siberia, Peter Simon Pallas (1741-1811) raised to 
theoretical salience the remains of elephants (mammoths) and also of rhi
noceroses whose dimensions vastly exceeded currently existent species. 26 In 
Ohio, the remains of a creature equally large but quite problematic-hence 
its original name: the "Ohio-unknown" (eventually, thanks to Cuvier, bap
tized a mastodon)-became an international topic of debate.27 In Europe 
itself, discoveries in caves of the bones of a huge creature eventually identi
fied as a bear added to this fascination.28 What these finds all indicated was 
a very substantial shift in the habitat and in the dimensions of creatures 
very similar to current species and hence, plausibly, evidence of significant 
recent geological changes and especially of animal extinction.29 

The second sort of new evidence that caught the imagination of natural 
historians was the introduction into Europe of extensive travel reports and 
eventually of actual specimens, first dead, then living, of anthropoid apes.30 
Many living specimens died very shortly after arrival; an even vaster num
ber failed to survive sea transport from their origin to Europe.31 The first 
chimpanzee arrived in Europe around 1630 .32 Dead specimens of orang
utans arrived around 1770, and the first live specimen later that decade.33 
In addition, these were almost all juvenile specimens, because they were 
more easily captured, and this complicated interpretation still further.34 The 
most provocative reception of this new evidence came in Linnaeus's Sys
tem of Nature. First, in 1735, Linnaeus audaciously included humans within 
the taxonomy of animals, in a group termed Anthropomorpha, which in-
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eluded initially not only humans with geographically varying ("racial") fea
tures but also apes, sloths, and bats.35 More dramatic still was his advance 

in the tenth edition of the System of Nature (1758) to the characterization of 
a new order of Primates, from which the sloth and bat were excluded but 
within which Linnaeus now included two types of humans-Homo sapiens 
(diurnus) and Homo troglodytus (noctumus)-and segregated these from the 
simians (lesser apes and monkeys).36 Under Homo troglodytus he classed not 
only "orang-outangs" (a generic term for the anthropoid apes) but also what 

we would call albinos.37 In a note to the twelfth edition, Linnaeus even con
sidered a third type of human-one with a tail! This combination of the 
reception of the most recent zoological evidence from the non-European 
world with a host of bizarre received tales of monstrous human proxies 

carried over from ancient and medieval European sources indicated not 
simply the credulity of Linnaeus, or his desire to include every sort of "at
tested" creature in his scheme, but the genuine and pervasive bafflement of 
natural historians as to the variety of humanoid forms and their implication 
for (European) human self-understanding.38 There was no clear theory of 
teratology-of monstrous deformity-though it was a topic of considerable 
interest.39 Any given individual aberrance might accordingly be the mani
festation of a variant kind. 

Most of these issues had already come under careful scrutiny in a work 

that, over the course of the eighteenth century, became the touchstone of 
serious advance in the field: Orang-Outang, sive Homo Sylvestris: or, 'the Anat
omy of a Pygmie compared with that of a Monkey, an Ape, and A Man. "Jo which 
is added a Philological Essay concerning the Pygmies, the Cynocephali, the Satyrs, 
and Spinges of the Ancients, wherein it will appear that they are all either Apes or 
Monkeys, and not Men, as formerly pretended (1699), by Edward Tyson (1651-
1708). 40 The full title indicates two decisive features of the work. First, it un
dertook a deliberate project of comparative anatomy, aiming to distinguish, 
by empirical evidence, the specific traits of the specimen under examina
tion (whose multiple names will be taken up below) from others already 
known -that is, the monkey, the human, and the Barbary ape (familiar since 
antiquity and in all likelihood the object of Galen's pioneering anatomical 
investigations).41 Second, it undertook, equally deliberately, to discriminate 
a project in natural history (i.e., to establish, by actual physical-anatomical 
investigation, the variety of Anthropomorpha) from the accumulation of 
centuries of mythical lore that only encumbered that investigation with de
lusions.42 In this philological debunking, we can identify Tyson's work witll 
a longer-standing endeavor, going back to Francis Bacon and John Browne, 
earlier in the century, to purge natural history of its accretions of fanciful 
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errors. Tyson's contemporary, the leading naturalist John Ray (1627-1705), 
recognized and welcomed this aspect of Tyson's work. But Tyson was add

ing a dimension to natural history that even Ray did not fully realize: that 
the discrimination of varieties could not rely simply on external features 
but had to probe into the interior of the organisms to establish similarity 
and difference. Thus, natural history in zoology had to entail comparative 
anatomy.43 This would be a principle even Buffon could not fully embrace, 
leading to tensions with his collaborator, the anatomist Louis-Jean-Marie 
Daubenton (1716-18oo), that would ultimately rupture their partnership. 
But Tyson's way would prevail in the generation after Buffon: in Dauben
ton's disciple Felix Vicq d'Azyr (1748-94) in France; in Peter Camper in 
Holland; and in Johann Friedrich Blumenbach in Germany. 

The connection linking Tyson to Blumenbach, however, was hardly 
a straight line but rather a sprawling web, with many a wayward strand. 
Tyson's title gives us a key to that, as well, in the variety of names Tyson 
offered for the creature he examined: first, and most importantly, Orang
Outang, which he identified with the Latin Homo sylvestris (man of the 
woods, i.e., the human savage), and second, most prominently for Tyson, 
pygmie, a term, as becomes clear from his philological appendix, with a long 
and misleading cultural heritage.44 Nomenclature became a crucial prob
lem in the conceptualization of apes over the eighteenth century, promi
nently in Linnaeus but also in Buffon's two crucial essays "Nomenclature 
of the Apes" and "Orang-outang, or the Pongo and the Jocko."45 Tyson dis
sected an African chimpanzee, but he called it "orang-outang" for good rea
son, since this name had already been (mis)applied to the African apes by 
his predecessors, notably Nicolaes Tulp (1593 -167 4). 46 Moreover, the notion 
of a "man of the woods;' which Tulp offered as the translation of the Ma
lay term orang-outang, set the decisive conceptual issue: namely, what had 
this creature to do with man? Interestingly, it seems that "chimpanzee" had 
a similar meaning in the original African language: "man of the woods."47 

. In both native contexts, that is, apes were taken to be (deviant) humans.48 
The Latin Homo sylvestris made that salient in a European cultural con
text, bringing to the forefront of attention the relation of humankind to all 
the other mythical and actual life-forms that resembled or dissembled (de
ranged) that kind. 49 In this context, the fanciful illustrations and tall tales 
that accompanied reports of the anthropoid apes, with their persistently ac
centuated affinities to human form, added to the damaging confusion, and 
even the finest naturalists were not above the use of these dubious human
izing illustrations and the still more dubious (and salubrious) tales. 5° 

The question, bluntly put, was this: could comparative anatomy contrib-
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ute to the consolidation of human distinction? The danger, of course, was 
that any merely physical enterprise appeared to undercut the most prized 
conceptualization of that distinction, namely, that the human differed from 
the animal by virtue of a rational-and, for Christians, an immortal, God
given, and God-like-soul.51 In the traditional European view, humans par
took in a totally different, spiritual order of being. That Linnaeus dared to 
include humans among the animals in 1735 provoked scandal and oppro
brium. 52 Tyson was already attuned to this parameter for inquiry in 1699. 
Descartes had inflamed the issue with his "animal-machine" hypothesis. The 
"dignity of man"-that is, his radical superiority to all other living things
appears to have been a rather frail thing in the dawning Enlightenment, in 
need of conservative retrenchment or progressive reconfiguration.53 But the 
question of a spiritual human nature was only one of the great anxieties that 
would intensify across the century. Another was the question of the unity of 
the human species: the challenge of polygenism and racism. 54 The meander
ing path that led from the comparative anatomy of apes to physical anthro
pology to the conception of a "scientific" racism is the essential historical 
context for the career of Johann Friedrich Blumenbach. 

Robert Wokler, in a series of essays, has highlighted the "ape debate"
"controversy about apes, man and language[,] . . .  the distinction between 
the natural and cultural determinants of human behavior"-as a central 
feature of Enlightenment discourse.55 Similarly, Miriam Meijer has re
trieved the notion of a "century of the orangutan."56 Something major was 
unleashed in the problem that had come to the attention ofTyson. Certainly 
it had to do with the "chain of being" with which Tyson was clearly preoc
cupied, and more specifically with the question of the gap between man and 
the rest of the animal kingdom. 57 In his specimen, Tyson explicitly offered a 
creature "more resembling a Man, than any other animal, . . .  in this Chain of 
the Creation . . .  an intermediate Link between an Ape and a Man."58 

What, then, did this link-creature offer on the question of the specific 
difference of the human species? Justin Smith has recently offered a very 
illuminating account. Two differentiae had been salient in the discourse 
up to Tyson's moment: the "bodily" one of erect gait, with attendant be
havioral functions, and the "spiritual" one of spoken language as the tal
isman of rationality. 59 Obviously, the physiology of the human organism 
had to accommodate this spoken language, so the anatomy of the larynx 
and other physical features involved in speech production became centrally 
important in the physical discrimination of humans from other animals. 
Tyson for that reason meticulously studied these features in his chimpan-
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zee specimen. Yet there, precisely, lay the paradox, as Tyson saw it. He was 
under the misapprehension that his creature naturally and normally walked 

erect. He had a brief experience with the juvenile male chimp before it died, 
but it was already quite ill, and Tyson presumed that it was only ill health 
that led it to lean upon its knuckles as it moved. Moreover, his creature 
certainly had a larynx-and, presumably, all the other physical accoutre
ments for language-identical to that of humans, yet it could not speak.60 
TYson came to believe that anatomical endowment did not necessarily entail 
functional use, a discord that put enormous pressure on the generally teleo

logical notion of natural order. 61 But in this particular case, Tyson argued, it 
underscored that a grasp of human distinctness had to turn to spiritual en
dowments. 62 The capacity for language had to come from some immaterial 
intervention or supplement (the rational soul); it could not emerge or be ex
plained adequately from physiology alone. 

This incongruity between anatomical endowment and cultural capacity 
became the obsessive question of the "ape debates!' Linnaeus made clear 
that he could discern no characteristic in the physical nature of things that 
could discriminate the human species from that of the ape. 63 Buffon made 
TYson famous throughout Europe by citing him on this precise point and 
concluding, resoundingly, that this was the preeminent proof that there 
could be no materialist account of human capacities, thereby securing the 
privilege of the human rational soul. 64 As a consequence, neither Linnaeus 
nor Buffon-nor Bonnet nor Hailer-could countenance counting apes and 
humans as of one kind. This was particularly important in the face of cir
culating notions that such apes were the product of the "degeneration" of 
humans or of the interbreeding of humans with simians.65 A disciple of 
Linnaeus, the GermanJohann Christian Fabricius (1745-1808), became well 
known for suggesting that black Africans were the product of "degenerate" 
interbreeding of (white) humans with apes. 66 

An interesting feature of this discourse-exhibited by both native infor
mants and their eager European interpreters-was the recurrent contention 
that male apes had an overweening lust for human females. 67 This evoked 
association with the satyrs of ancient European mythology-which fre
quently carried over into the very nomenclature attached to apes. Not only 
sexuality but also aesthetics figured in these concerns about human differ
ence, as frequently it was contended that some of these anthropoid apes 
seemed more comely than some humans, particularly the "Hottentots" and 
the "Kalmucks," both taken to be particularly hideous by European stan
dards of taste. 68 Clearly, the discourse of race became thoroughly interfused • 
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in the discourse of apes, and by the end o f  the eighteenth century, Robert 
Wokler has contended, the first discourse simply displaced the second as the 
prime concern of physical anthropology. 69 

Notably, no one imagined that humanity ascended from the ape-and 
for a variety of reasons.70 By contrast, the notion of degeneration was par
ticularly prominent in Buffon, for whom the term betokened not simply 
descent from a common ancestor but decay of original vigor. Buffon made 
"degeneration" a central element in his account of the domestication of ani
mals, and it carried over into his conviction regarding the pervasive inferi
ority of New World life-forms to those of the Old World.71 That view cap
tured, both for him and for his avid disciple Cornelius De Pauw (1739-99), 
the degenerate character of the indigenous human population of the New 
World, the Amerindian "race.''72 Buffon inaugurated the consideration of 
the human species as an object of natural history.73 "Man became simply a 
part of natural processes, developing like all other natural creatures from an 
elemental mud," and humankind "could be fruitfully compared to the low
est creatures and placed in the context of the unfolding of matter and mo
tion in an evolutionary process.''74 "The location of human beings among 
the animals was combined with a radical historicizing and naturalizing of 
the human species that would pursue zoogeographical analysis of humanity 
in connection with a gradually developing schema of a naturalized account 
of cosmological and geological history.''75 Still, Buffon refused to erase the 
boundary between man and animals. What physiology could not define, he 
was prepared to stipulate in terms of reason and language as irrefutable 
evidences of a spiritual nature in man irreducible to natural elements. Buf
fon insisted that the "ape was no mediating link between the human and 
the animal orders of nature, but 'in truth just a plain animal."'76 Indeed, 
anatomical similarity only reinforced the claim that the difference that con
stituted humankind had to be sought in a separate, spiritual dispensation. 
Reason and language belonged to a divine intervention: that was the line 
Buffon took up alongside many other thinkers of the time. 77 

If Buffon and Linnaeus were content to adopt Tyson's posture in dealing 
with the disconnect between anatomy and function with regard to speech 
(and gait), others in the eighteenth century would not be. There were two 
lines of dissent: first, on the question of language and, second, on the ques
tion of erect posture. La Mettrie inaugurated the first line of dissent, insist
ing that it was inconceivable that there could even be such a disconnect 
between form and function, and therefore, it had to be a mistake to believe 
the orangutan-that is, generically, the higher apes-incapable of speech and 
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hence a distinct species. On the contrary, La Mettrie contended, the orang
utan could be taught to speak, and it was, therefore, conjecturally human.78 
Jean-Jacques Rousseau, in his famous tenth note to the Discourse on the Ori
gins if Inequality, made the case even more compellingly, suggesting that 
humans in their natural state were quite similar to orangutans and espe
cially like them in their lack of speech.79 It could not be established that they 
were separate species without experiments in interbreeding, which Rous
seau pronounced impracticable and unseemly.80 The most extravagant case 
along these lines was proposed by James Burnet, Lord Monboddo (1714 -99). 

In 1773, and especially in his revisions of 1774, he took up all Rousseau's 
arguments and pushed them still further in asserting the commonality of 
orangutans and humans.BI All that distinguished the latter from the former 
was progress in cultivation of mental agility via socialization, and this could 
not be denied a priori for the former case, given proper circumstances. 

The revisions that Monboddo undertook between 1773 and 1774 arose 
from the critical intervention of his friends, notably John Pringle, president 
of the Royal Society of London, pointing out his lack of familiarity with 
the work of Tyson and his consequent misunderstanding of the arguments 
of Buffon. Monboddo thereupon studied these materials, incorporating 
them in a still-unpublished draft essay entided "Of the Orang-outang and 
Whether he be of the Human Species" (1773 -74) and adapting much of this 
material into revisions in the second edition of his Origins if Language.82 
Pringle, among many others, found the new version no more credible than 
the earlier one, and he invited his Dutch correspondent, Peter Camper, who 
was becoming widely known as the leading anatomist of the orangutan, to 
intervene. This resulted in the first publication by Camper specifically deal
ing with the true orangutan of Indonesia. In the Philosophical Transactions, 
1779, he argued, against Tyson on anatomy and against Monboddo more 
generally, that the orangutan did not have the physiological equipment for 
human utterance. 83 

Language was one avenue of argument. The other was erect posture. Ty
son had believed that his specimen was a natural biped. The question of 
the erect gait of the anthropoid apes became a very important issue in the 
eighteenth century. Indeed, the erect posture of humans themselves came 
into dispute. In 1771 the Italian Pietro Moscati argued that humans were by 
nature quadrupeds; their original constitution entailed walking on all fours. 
Hence, it was a cultural deviation -and one with significant costs in human 
health-to assume an upright gait.84 Kant found this a very appealing line 
of thought, which he praised in a very rare book review, for it seemed to 
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him to mark the radical intervention o f  rationality in human develop
ment, displacing and overriding the merely animal. 85 For physiologists and 

medical men, Moscati was far less persuasive. 86 Blumenbach dismissed him 
with scorn, and he was not alone. 87 The anatomical and physiological evi
dence that humans were by nature distinctively bipeds was overwhelming. 

That case was buttressed substantially by two crucial anatomical inter

ventions. The first came even before Moscati's publication, with a path
breaking essay by Daubenton on the occipital cavity in humans relative to 
other animals. 88 By establishing the relation between the carriage of the 

head and the top of the spinal column, Daubenton demonstrated that the 
human skeletal frame fit upright posture, but those of animals did not. 
The second contribution came from a series of dissections of orangutans by 

Peter Camper over the 1770s, the results of which were disseminated orally 
long before they came to be published. As Visser notes, "from 1770 to 1777 
he examined eight animals in all; five of them were anatomized."89 This 
was widely known before any of his results were published. Blumenbach 
referred to this work in his dissertation of 1775; it was this reputation that 
induced Pringle to invite the paper for Philosophical Transactions in 1779· 
In that same year, Camper published on the orangutan in Dutch, and in 

1781 Samuel Thomas Soemmerring (1755-1830) made that widely known by 
translating extensive excerpts into German in a key paper, "Etwas verniifti

ges iiber den Orangoutang."9° 
What Camper established is that the higher apes, while they could stand 

up on their hind limbs, naturally walked on all fours. 91 This upheld his view 
and that of his successors that upright posture did indeed physically distin
guish the human animal from all others. In Germany, Camper's ideas had 

enormous influence, and both Herder and Blumenbach would claim up
right posture as the decisive physical basis for human nature, with which 
many specifically cultural capacities could be correlated.92 A final, ancillary 
feature of Camper's anatomical enterprise with the orangutan had to do 
with the intermaxillary bone. For many anatomists, this bone was a ubiqui
tous feature of all animals except humans.93 Camper upheld this view.94 In 
France, Vicq d' Azyr established that it was false, but this was not widely 

known, especially in Germany. 95 A notorious affair ensued in the mid-178os 
upon Goethe's proclaimed discovery of an intermaxillary bone in humans.96 

Camper's self-formation as a naturalist followed a crucial pattern, which 
I have already identified in Hailer, Buffon, and others: commitment to the 
"experimental Newtonian" tradition. Camper learned this at its heart: the 
University of Leiden, where he studied, 1734-36, under Van Musschen-
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broek. He absorbed Dutch experimental Newtonianism from the meth
odological writings of 'sGravesande as well as the class instruction of Van 

Musschenbroek.97 As a student at Leiden, Camper concentrated on animal 
,. anatomy.98 His first major publication came in 1760-62: Demonstrationem 

Anatamo-Pathologicarum.99 Over his career, Camper worked and taught in 
medical schools at various universities in the Netherlands.100 But although 

he was a medical doctor, and quite capable as a surgeon, he was not primar
ily interested in clinical practice or even in human health, but rather, from 

,' the beginning, he pursued zoology "for its own sake.m01 He was eager to de

vote himself entirely to his research in comparative anatomy.102 
In 1782 Camper published the first and only volume of what he envi

sioned as his major work: Natural History of the Orang-Outang, the Double 
Horned Rhinoceros, and the Reindeer.103 It established Camper as the fore

most comparative anatomist in Europe. "At the basis of Camper's com
parative anatomy was the idea that the animals are interrelated through a 
uniform plan.''104 He had elaborate ideas for publication, but his "rage for 
research" often induced a tendency to rush from one project to the next, 
without bringing any to fruition.105 Nonetheless, Camper swiftly became 
known as "the indispensable source of information on the orangutan.'nos 

His only rivals as a comparative anatomist were Vicq d' Azyr in France and 
John Hunter in England. His greatest successor would be Blumenbach in 
Germany. It would be one of the foremost sources of pride for Blumenbach 
that he was the first to offer a course in comparative anatomy at a German 
university.107 In the preface to his widely acclaimed and internationally dis
seminated textbook in comparative anatomy, he wrote of its centrality to the 
discipline of natural history.108 

Camper proved decisive in the development of Blumenbach's scientific 
identity. As the epigraph of this chapter indicates, for his countrymen, Blu
menbach's role was to become the German Camper.109 Such analogies are 
not to be taken altogether lightly, for we are concerned, here, with the gesta-

. tion of a science, and that must always entail the construction of quite spe
cific scientific identities, modeled after paradigmatic practices. Buffon and 
Camper did offer such paradigmatic models of natural history for Blumen
bach, and his self-formation as a scientist decisively reflected their assimila
tion. Above all, Camper played this role. 

Hailer was Blumenbach's self-proclaimed model, but it is noteworthy 
that Hailer died in 1777, just as Blumenbach was coming into his own. 
Camper lived considerably longer; he and Blumenbach would meet in per
son and engage in a correspondence. Their correspondence began in August 
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1778 and they met personally when Camper came to Gottingen in October 
1779.U0 Thus, they were colleagues and, in crucial matters, even competi
tors. As a result, Blumenbach never fully acknowledged the paradigmatic 
status of Camper for his practice of natural history. m It remains, however, 
that this was palpable to his peers and admirers from very early on. Blu
menbach's whole sense of natural history is unimaginable without (Buffon 
and) Camper.112 

J O H A N N  F R I E D R I C H  B L U M E N B A C H ' S  

A C A D E M I C  C A R E E R  

In Jena, where Blumenbach commenced his university studies (1769-72), 
he got his first exposure to natural history from J. E. I. Walch (1725-88), 

one of the pioneers in German mineralogy and fossil collecting (though he 
was a professor of rhetoric!).113 When Blumenbach transferred his univer
sity studies from Jena to Gottingen in 1772, he moved from a relatively re
spectable medical school to the most exciting university in Germany.114 To 
be sure, its guiding light, Albrecht von Hailer, had returned to Switzerland 
in 1753, but he remained a decisive force in the Gottingen Academy, in the 
Gottingische Gelehrten Anzeigen, and even in the university, which kept hoping 
for his return and which, under the general guidance of Christian Gottlob 
Heyne (1729-1812), looked to his counsel from afar in most of its important 
policy considerations.115 Heyne, who had arrived in 1763, dominated univer
sity affairs by 1770, and it was to Heyne that Blumenbach came, bearing ref
erences.U6 Heyne took him under his wing, put him in contact with Haller, 
gave him the management of the newly acquired natural history "cabinet'' 
of the Gottingen medical professor Christian Wilhelm Biittner (1716-1801), 
and thus opened his way to a splendid career in the rapidly transforming 
field of natural history.117 It also helped that Blumenbach's mentor at Jena, 
Ernst Gottfried Baldinger, was called to Gottingen in 1773, where he would 
serve as the director of Blumenbach's dissertation, though not as its inspira
tion, a role that belonged in equal parts to Biittner and to Haller. 

At Gottingen, Heyne saw to it that Blumenbach entered into correspon
dence with Hailer as early as February 1775, and Blumenbach acknowl
edged this connection as seminal for his entire formation as a naturalist.118 
But Blumenbach emphasized as well the "whimsical but remarkable" Biitt
ner, whose collections in natural history furnished the basis for the ethno
graphic museum of Gottingen.119 Blumenbach studied natural history with 
Biittner and was drawn especially to his extensive "quantity of books of 
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voyages and travels" as well as being motivated by Biittner's insistence that 
humans should be a primary topic in natural history. This was a fundamen

tal impulse in the field, emanating from Buffon. Blumenbach summed up: 
"''t was thus I was led to write as the dissertation for my doctorate, On the 
natural variety of mankind;mo 

What was the study of nature like at Gottingen in Blumenbach's time? At 
GOttingen, physics, chemistry, mineralogy, and geology were esteemed essen
tial propaedeutics for the study of human medicine, grounding it in wider 
"experimental physics;' the nonmetaphysical and largely nonmathemati
cal approach to natural inquiry emphasizing "observation and experience!' 
This had been the agenda of Albrecht von Hailer and it was systematically 
maintained, especially in the medical faculty of the 1770s when Blumenbach 
received his training. Subsequently, he was instrumental in perpetuating 
it over his long tenure.I21 Georg Lichtenberg (1742-99) was Blumenbach's 
closest colleague in the sciences.P2 Not only did he edit and expand the Erx
leben physics textbook four times up through 1794 and manage other im
portant journals in natural science, but Lichtenberg's own work (primarily 
on electricity) was highly regarded as well.123 He came to be considered an 
arbiter in German natural science over the last decades of the century. Kant, 
for example, wanted Lichtenberg to review his Metaphysical Foundations of 
Natural Science (1786).124 Lichtenberg was also the figure to whom many 
turned for counsel in the bitter dispute over Lavoisier and the "chemical 
revolution!'125 He was an ardent Anglophile and frequently visited England. 
In that context, one important contact that Lichtenberg brought to Blumen
bach was the Swiss geological thinker Jean-Andre Deluc, who would eventu
ally present Blumenbach with a series of letters on the theory of the earth.126 

Another of Blumenbach's important colleagues was Samuel Thomas 
Soemmerring, who enrolled at Gottingen in October 1774 and achieved his 
doctorate in 1778 with a dissertation of highest distinction on anatomy.127 

His thesis director, Baldinger, already predicted on that basis that Soem
merring would become one of the great masters of anatomy.128 In the years 
1776-78, Soemmerring took courses with Blumenbach, about whom he of
fered a ringing testimonial in his curriculum vitae: "Exc. Blumenbach was 
not only my most desirable instructor in general zoology, mineralogy, physi
ology, pathology, the particular history of man, and in relating the tradi
tions of medicine, but also a distinguished patron, who deigned to treat me 
as a friend!'129 Having completed his celebrated dissertation, Soemmering 
went on extended tour (peregrinatio medica) in 1778-79, meeting and be
coming closely associated with Peter Camper in Holland and with Georg 
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Forster (1754-94) in England, relationships that would define his intellec
tual and personal life.130 In addition, Soemmerring met the Hunter broth

ers and he stayed with and learned a great deal from Alexander Monro II 
in Edinburgh. Yet Soemmerring had problems finding a position when he 
returned to Germany. There were few chairs in natural history among Ger
man medical faculties: they were a luxury in a stringent time, when the en

ergies of the larger faculty were directed at clinical professional advance
ment. The first defined chair in natural history in Germany was specially 
created for Christian Biittner at Gottingen in 1763, so the university could 
secure his prized "cabinet" of natural curiosities.131 Blumenbach happily in
herited his mentor's chair upon Biittner's retirement in 1776. Thus, Heyne, a 
master of university politics, counseled Soemmerring that Blumenbach had 
been very lucky to find a position in a medical faculty that accommodated 
his interest and it might be hard for Soemmerring to find something similar. 
Even though courses were widely offered in natural history, it was very dif
ficult to establish secure academic lines in the field. 

The narrow group of Blumenbach, Camper, the Forsters (father and 
son), and Soemmerring (with one more, remote participant, Eberhard A. W. 
Zimmermann [1743-1815]) constituted the cutting edge of natural history 
for Germany.132 Blumenbach's relationships with both Camper and For
ster were mediated by Soemmerring, though in each case Blumenbach had 
made a prior connection. Later in his life, Blumenbach recollected that he 
met the younger Forster in November 1777.133 In all likelihood this was 
really in 1778, while Georg was visiting Gottingen to seek a position for 
his distinguished father,Johann Reinhold Forster (1729-98), the expedition 
naturalist on Cook's second voyage to the Pacific (1772 -75), on which Georg 
had accompanied his father.134 In 1779 Georg was appointed (instead of 
his father) as natural historian at the Collegium Carolinum in Kassel. The 
younger Forster and Soemmerring had become intimate friends in London 
during the latter's stay, and he secured a position at Kassel in anatomy for 
Soemmerring.135 They remained the closest of friends over the next two de
cades. For much of that time, as well, they were frequendy in Gottingen and 
associated with Lichtenberg and Blumenbach. 

T H E  D I S S E R TAT I O N  O F  1 7 7 5  O N  H U M A N  VA R I E T Y  

The theme of Blumenbach's dissertation was highly topical: the renewed 
challenge of "polygenism" in man.136 This matter was "much discussed in 
these days" in German academic circles (and, of course, more widely in 
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the European discourse of "race").137 The weakening of Buffon's position 
through equivocations about fertile hybrids in later volumes of his Histoire 
nature/le had offered opportunity for the revindication of polygenism. In 
Sketches on the History if Man (1774), Henry Home, Lord Kames (1696-1782), 
ruthlessly demonstrated that Buffon had compromised his monogenism.B8 
1he work was translated into German in 1775 to considerable notoriety. 

For the developing field of natural history the importance of Blumen
bach's dissertation lay in the conceptual frame treating the problem of spe
cies and variety in zoology generally.139 Blumenbach elaborated the idea of 
"total habitus" as the only viable empirical approach to classification in life 
science.140 While it was admittedly still "artificial,'' it came closer to the ideal 
of a "natural system" than Linnaean classification schemes, without falling 
into the empirically unmanageable difficulties of Buffon's genealogical ap
proach.141 In all this, Blumenbach followed dutifully the line of argument of 
his great Swiss mentor Haller. The opening page of Blumenbach's disserta
tion cannot say enough of the "immortal labours of the great Hailer," of his 
"profound sagacity."'42 Blumenbach steeped himself in everything Hailer 
wrote; he is widely regarded as the most competent late eighteenth-century 
commentator on Haller's sprawling opus, and he clearly set out to be heir 
to Hailer's mantle in the field.143 He would envision his great works, the In
stitutes if Physiology (1787ff.) and above all the pioneering Handbook if Com
parative Anatomy (1Bos'ff.), as worthy successors to Hailer's most popular 
work, First Lines if Physiology (1747), which had defined the field for the 
second half of the eighteenth century.144 Blumenbach sought from the out
set to ground his inquiry in Haller's theory of preformation. He further fol
lowed Haller in doubting Buffon's definition of species. Therefore, Blumen
bach thought it essential to address the question of hybrids-that is, "the 
conjunction of animals of different species!'145 He was highly skeptical of 
most proposed examples, because of the lack of proportion in the organs 
of reproduction as well as in the gestation periods of different species.146 

. He distrusted even long-suggested instances, notably that of the "jumar," 
an ostensible cross of horse and cow.147 Still, Blumenbach wrote: "There 
is no reason for doubting that hybrids have sprung from the union of the 
fox and the dog, and those too capable of generation!'148 While he agreed 
with Buffon that interspecies generation was unlikely and that hybrids were 
so typically infertile that enumerating exceptions was "tiresome,'' he would 
not adopt Buffon's principle as a necessary and sufficient criterion for spe
cies differentiation.149 

Like Buffon and Haller, Blumenbach believed that man should be cat-
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egorically distinguished from the other animals on the basis of "the en
dowments of the mind!'150 He elaborated: "man alone ought to be held to 

possess speech, or the voice of reason, and beasts only the language of the af
fections!'I51 While he noted that "Linnaeus could discover no [anatomical] 
point by which man could be distinguished from the ape;' he was himself 
convinced of the importance of some distinctions, in particular the form 

of the human hand and more generally man's erect posture.152 Indeed, ret
rospectively he would take his discussion of erect posture in his 1775 dis
sertation as establishing his precedence in advocating this trait as the de
finitive morphological difference distinguishing man from animals (well 
before Herder's advocacy of this notion in his famous Ideen of 1784).153 Blu
menbach disputed as "not quite serious" Pietro Moscati's recent claims that 
erect posture caused physiological problems for man.I54 Following the latest 
reports on anatomical dissections of various "animals which are most like 
man" and relying on his own systematic dissections, Blumenbach was con
fident he could spell out empirically what morphological differences sepa
rated man from animals. He pointed specifically to a series of dissections 
of apes he performed in the winter of 1774, in which he concentrated on 
the brain.155 Drawing on all this work, Blumenbach disputed the assertion 
by Rousseau and others (Monboddo and La Mettrie, in all likelihood) that 
orangutans were of the same species as man, making the point bluntly that 
such writers were "ill-instructed in natural history and anatomy!n56 While 
the orangutan might be "like man in structure," Blumenbach asserted, it 
was incapable of speech.157 

Having carefully followed the research on apes, he discriminated two 
distinct species: chimpanzee and orangutan.158 He was already aware in 
1775 that Camper had conducted dissections of the latter that indicated sub

stantial differences from Tyson's earlier anatomy of the "pygmie" (i.e., the 
chimpanzee).159 He was also beginning to register a radical separation in 
habitat for the two: Angola versus Borneo. By 1779 his characterizations of 
the two species in the Handbuch der Naturgeschichte would be quite clear and 
set the terms for future work in the field.160 Another aspect that Blumen
bach noted in his dissertation was the presence of an intermaxillary bone in 

Camper's anatomical studies of the orangutan.161 Blumenbach would later 
be peripherally involved in the disputes over Goethe's claims for the inter
maxillary bone in humans (1783ff.), in which Soemmerring and Camper 
would prove so disappointing to Goethe.162 

Reaching, finally, the central issue of polygenism in human origins, Blu
menbach ascribed the revival of this view to "ill-feeling, negligence, and 
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the love of novelty" rather than any scientific soundness. He specifically 
identified Voltaire and Kames as guilty here. He charged bluntly: "it was 
much easier to pronounce [humans] different species than to inquire into 
the structure of the human body, to consult the numerous anatomical au
thors and travellers, and carefully to weigh their good faith or carelessness, 
to compare parallel examples from the universal circuit of natural history, 
and then at last to come to an opinion, and investigate the causes of the 
variety.'>163 While Blumenbach conceded to the polygenists that differences 
among humans might seem to warrant considering them "as forming dif
ferent species of mankind," he insisted nonetheless that this was misguided. 
Clearly, on the basis of the alternative and appropriate method he accused 
them of neglecting, Blumenbach came to the opposite conclusion, namely, 
monogenism. 

The problem, then, was how to account for the variety among humans, 
especially since, "when the matter is thoroughly considered, you see that 
all do so run into one another, and that one variety of mankind does so in
sensibly pass into the other, that you cannot mark out the limits between 
them."164 Variation within any population of humans was so rife that to 
leap to a species discrimination among humans, as Kames did, left Blumen
bach "astonished."165 For the purposes of his dissertation, Blumenbach 
confidently asserted: "even if it be granted that lascivious male apes attack 
women [an idea that ran sensationally through the travel literature], any 
idea of progeny resulting cannot be entertained for a moment.''166 Thus, the 
insinuation of simian origins of African populations, entertained by Voltaire 
and Fabricius, he flatly dismissed. 

In discriminating varieties, Blumenbach invoked "the whole bodily con
stitution, stature, and colour" first, then "the particular structure and pro
portion of individual parts.''167 The former group of traits he identified as 
"owing almost entirely to climate alone.'nss Blumenbach postulated a defin
ing relation between heat, moisture, and bodily form: "That in hot countries 
bodies become drier and heavier; in cold and wet ones softer, more full of 
juice and spongy, is easily noticed.m69 He carefully adduced all the com
parative anatomical research that had been done to establish the general
ization. Stature, too, Blumenbach correlated with heat and cold: "the latter 
obstructs the increase of organic bodies, whilst the former adds to them and 
promotes their growth.m70 He brusquely dismissed Kames for having "pre
sumed with the greatest confidence to think otherwise.''I71 

While Kant in 1775 and especially in 1777 made skin color his decisive 
criterion for racial distinction, Blumenbach found this trait equivocal.172 He 
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saw a continuous spectrum of changes in skin tints whereby "the most dis
tinct and contrary colours so degenerate, that white men may sensibly pass 

and be changed into black, and the contrary!'I73 "There is an almost insen
sible and indefinable transition from the pure white skin of the German 
lady through the yellow, the red, and the dark nations, to the Ethiopian of 
the very deepest black!'l74 Thus, two vital points informed Blumenbach's 
approach to the variety in human skin coloration in 1775· First, it was not 
only an effect of extended exposure to climatic difference but also reversible 
under exposure to different climatic conditions for similarly extended peri
ods.175 Second, there were simply no definable discontinuities adequate to 
constitute varietal boundaries. His conclusion was unequivocal: "from all 
these cases, this is clearly proved, . . .  that colour, whatever be its causes, be 
it bile, or the influence of the sun, the air, or the climate, is, at all events, an 
adventitious and easily changeable thing, and can never constitute a diver
sity of species!'I76 

Instead, a more promising standard for diversity seemed the "various 
shapes of the head."177 This was a portentous turn in these matters, prompted 
by Johann Joachim Winckelmann's raptures over the Grecian profile and Jo
hann Caspar Lavater's physiognomy, which culminated in Peter Camper's 
theory of the "facial angle" as the key to racial classification.178 Much of Blu
menbach's later theory of "race" would be invested in such craniology. The 
intervention not only of cranial-capacity measurement but of ethnocentric 
aesthetic judgments of physiognomy would long dominate "race" theory, as 
Stephen Jay Gould so memorably demonstrated.179 Camper, following ex
plicidy upon Winckelmann, began to conjecture about the ideal facial angle 
in lectures of the 1770s at Groningen.180 The published fruit of this concep
tion came only posthumously, but the oral transmission was swift and po
tent, and Blumenbach noted at several points in his 1775 dissertation that 
he had learned key features of Camper's theories from mutual acquain
tances.181 Indeed, Blumenbach showed the influence of this aesthetic orien
tation: "J. B. Fischer has published a drawing of a Calmuck's skull, and [he 
maintains that] it is ugly . . .  and in many ways testifies to barbarism!n82 But 
he quickly supplied counterevidence from the Siberian explorer Pallas, who 
"describes the Calmucks as men of a symmetrical, beautiful and even round 
appearance."183 (One presumes the discourse is of skull shape.) 

Already in 1775, then, Blumenbach found "the physiognomy and the pe
culiar lineaments of the whole countenance in different nations" a "very 
vast and agreeable field;' yet it is crucial to note that he believed "almost all 
the diversity of the form of the head in different nations is to be attributed 
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to the mode of life and to art"-that is, that these were not matters of natural 
endowment.184 Blumenbach considered a body of evidence concerning the 

willfu1 or adventitious modifications of head shape based on the manner 
in which infants were swaddled or carried. He pointed to some evidence of 
deliberate manipulations of the plastic infant cranium to achieve culturally 
desired aesthetic standards. He even toyed with the idea that these acquired 
characteristics might become hereditary.185 Yet, for all that, clearly Blumen
bach was not ready-as he would be in 1795, after amassing and assessing 
his famous collection of skulls from many of the world's peoples-to assert 
that there was in fact a "racial face" and that skull shape was the definitive 
indication of human racial variety.186 

Blumenbach clearly saw any classification scheme as "very arbitrary in
deed both in number and definition.''187 In 1775 he followed Linnaeus in 
settling upon four "varieties" (he eschewed the term "race" in the entire 
discussion), of which "the first and most important to us (which is also the 
primitive one) is that of Europe, Asia this side of the Ganges, and all the 
country situated to the north of the Amoor, together with that part of North 
America [in later statements this is more sensibly North Africa], which is 
nearest both in position and character of the inhabitants.'nss This is a strik
ing congeries of peoples, one might observe. Blumenbach acknowledged 
this: "Though the men of these countries seem to differ very much amongst 
each other in form and colour, still when they are looked at as a whole they 
seem to agree in many things with ourselves.''189 The other three varieties 
he identified geographically with South and East Asia, with Mrica, and with 
America.I90 By 1779 he would find this Linnaean fourfold division too con
fining, and he added a fifth variety, the "Malay;' to recognize the problem
atic character of the peoples of the vast archipelago including the Dutch 
East Indies, Australia-N ew Zealand, the Philippines, and all of the South 
Pacific.191 The Pacific was the scene of the most rapid growth in European 
geographical and ethnographic discovery in Blumenbach's lifetime, owing 
to the voyages of Cook and others, and he took an avid interest in all of 
this.192 Indeed, by the turn of the century, Blumenbach had built up the 
largest collection of natural-historical materials from the Cook expeditions 
and generally on the Pacific region to be found in Europe.193 

What are we to make of this dissertation? It is clear that that he was in
volved in a quasi-Linnaean project of classification. Blumenbach's approach 
was one of comparative morphology, applying the idea of the "total habi
tus;' as it had been taught to him by Heyne, to the organism. But because he 
had no clear criterion for variety, indeed insisted repeatedly on the fluidity 
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and arbitrariness of such classification schemes, his fourfold division seems 
even less motivated than that of Linnaeus. Blumenbach in 1775, then, ap

pears to have derived monogenism from the indeterminacy of any categori
cal discrimination among varieties of human. I must dissent from the widely 
shared view that Blumenbach expressed strong "racialist'' bias in his early 

texts and came only later in his career to the defense of blacks. There is every 

reason to contend that already in the 1770s he (and Camper as well) stood 
sturdily against arguments, whether explicitly polygenist or not, that would 

affirm the radical inferiority of other "races"-and particularly of blacks. 

T H E  H A ND B U C H  D E R  NA <f'UR G E S C H I C H <J'E A N D  

U B E R  D E N  B I L D U N G S <J'R I E B  ( 1 7 7 9 - 1 7 8 2 )  

Blumenbach devoted a good deal of energy to organizing, cataloging, and 

expanding the natural-history cabinet that had been entrusted to him. In
deed, when he was appointed extraordinary professor in 1776, he was actu
ally given three distinct assignments: the professorship, to be sure, but also 
the complete organization of the natural-history cabinet and, at his spe
cific request, the position of "prosector" in the anatomy theater of Profes
sor Heinrich August Wrisberg (1739 -1808).194 That entailed substantial time 

in the dissecting theater, which Wrisberg, apparently, had allowed to fall 
into considerable disorder.l95 Blumenbach devoted himself assiduously to 
all three roles. It was only when Heyne could report that Blumenbach had 
accomplished a complete catalog of the collection that the administration in 
Hanover in 1778 approved his promotion to ordinary professor. 

This promotion carried with it the obligation to produce and publish a 
Latin inaugural dissertation. Blumenbach summarized his work, entitled 

Prolusio Anatomica de Sinibus Frontalibus, in an announcement in the GiJttin
gische Gelehrten Anzeigen (GGA).196 From this summary we can discern some 
important impulses in his approach. First, Blumenbach chose to present a 
dissertation in anatomy. Second, dealing with the frontal sinuses, Blumen
bach was already showing his interest in the facial structure and the skull, 
matters that would be central to his life's work. Third, he presented a dis
tinctly medical dissertation, dealing with the formation and deformation of 
human sinuses and with their maladies: clinical concerns usually absent 
from his work. And, finally, but perhaps most importantly, he sought to ex
plain the structure of the frontal sinuses functionally and via comparative 
anatomy, systematically relating the size and number of sinuses in humans 
to those of other animals in connection with their physiological role. This 
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was portentous of the major directions in which Blumenbach's whole career 
would move the field of natural history and comparative zoology. No less 

a figure than johann G. Zimmermann recognized the promise of the work, 
prompting the line to Blumenbach that I have chosen as my epigraph for 
this chapter, that Blumenbach should become the German Peter Camper, a 
role that he did come to fill. 197 

Perhaps the most important event in the interval between the publica
tion of his dissertation in 1775 and the publication of the first part of his 
Handbuch der Naturgeschichte at the end of April 1779 was the death of Al
brecht von Hailer, in early December 1777. Hailer was Blumenbach's idol, 
but he also cast a very deep shadow over the field. Dissenting from his views 
was highly risky. Blumenbach had long since developed reservations about 
aspects of Hailer's work, some of them quite substantial.198 The most impor
tant of them concerned the theory of generation. His experiments on fresh
water hydra had been under way since 177 4 at the latest, and it is inconceiv
able that the evidence from these experiments, published only in 1780, had 
not already aroused theoretical restiveness that would culminate in the idea 
of the Bildungstrieb. But as long as Hailer lived, Blumenbach never chal
lenged his theory of preformation. Conversely, already in 1778 (i.e., shortly 
after Hailer's death), Blumenbach ventured to express skepticism about pre
formation in an article in a Gottingen popular magazine: "can it be more 
than mere plausibility [Wahrscheinlichkeit] that we have lain as seeds in our 
mothers from time inlmemorial and that our fathers, like all the other male 
animals, in the end are little more than a supplement whose role [Bestim
mung] is merely to enliven these seeds stuck in eternal sleep and encour
age them to develop?"199 Even when he did come to overthrow Hailer's 
theory, Blumenbach remained extraordinarily deferential, intimating that 
Hailer himself would have come round to this view had he only lived longer 
and revised his physiology. 200 Toward Bonnet, however, Blumenbach was 
hardly so considerate. 201 

Other developments marked the years 1777- 78, when Blumenbach was 
writing his Handbuch. In London, in 1777, Georg Forster, defying the Brit
ish Admiralty, published A Voyage Round the World, his father's naturalist 
report of the Cook expedition: a major landmark in the ethnography and 
natural history of the Pacific.202 Forster would later see to the publication 
of a German translation of his father's book in Berlin.203 Blumenbach's ac
quaintance with the younger Forster dates exacdy to this period, and there 
is no doubt that he devoured the elder Forster's text with intense interest. 204 

Simultaneously, the years 1777 and 1778 saw the publication of Lavater's 
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famous works on physiognomy, which took Germany by storm.205 Only in 
1778 would Georg Lichtenberg begin deflating Lavater's pretensions.206 

Blumenbach was very close to Lichtenberg at this time, and for all the rea
sons mentioned in connection with his 1775 dissertation, he could not have 
been indifferent to the question of Lavater's physiognomy. 

Even closer to his own bailiwick, in 1777 Immanuel Kant published a re

vised version of his 1775 Konigsberg University course announcement on the 
problem of human races.207 This revised version appeared in a very widely 
circulated popular journal, J. J. En gel's Philosophie for die Welt, and Kant's es

say (which stood out incongruously in that volume of mostly literary work) 
gained considerable attention.208 As evidence of this, the publisher of the 
journal invited Kant to publish more extensively on the topic, which Kant 
declined to do.209 The scientific community clearly noted Kant's contribu

tion. Given its direct parallel with his own work, Blumenbach undoubtedly 
read it, though there is little evidence that Kant's essay had any immediate 
impact on his own ideas.210 Perhaps this was because in 1778 in the pref
ace to a work that had a much more profound impact on the field, Eber
hard A. W. Zimmermann sharply criticized Kant's views.211 Zimmermann 
was a pioneer in biogeography whose work Blumenbach and other Ger
man natural historians considered monumental in the field.212 In any event, 
Blumenbach knew of Kant from 1777 forward, and thus, when, in the mid-

178os, Kant entered into dispute with Christian Heyne's close friend Johann 
Gottfried Herder, and with Blumenbach's own friend Georg Forster, over the 
issue of human variety, Blumenbach was primed to take a much more deci
sive interest in his views. Finally, in 1778, the elder Forster published his Ob
servations on Physical Geography, with acknowledgments of the contributions 
of Blumenbach to the field.213 Thus, Blumenbach found himself situated in 

a body of scholarship concerning human variety and ethnographic diversity, 
all sharply inflected in a "natural-historical" direction with which he was 
himself identified. He was poised to take a leading role in directing this new 
field, and that was what his Handbuch der Naturgeschichte aimed to achieve. 

Blumenbach dated the preface to the first volume of his Handbuch April 
1779. This twelve-page preface introduced a book of some 450 pages, deal
ing only with the animal kingdom. The continuation in 1780 completed the 
whole design, covering plants and minerals on pages 449-559.214 The orga
nization of the work would remain unchanged through all the myriad edi
tions stretching well toward the middle of the next century. 215 It is the mate
rial in the first four parts that most warrants attention, in both this original 
edition and the many succeeding ones. In the 1780 continuation, what is 
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striking is that Blumenbach devoted only part 10 to plants, while aspects of 
mineralogy took up parts 11-16.216 While minerals get attention in eighty

six pages, all plant life is covered in a mere twenty-three pages, and this 
includes an introductory section of four pages, restating the main themes 
of the whole book. Blumenbach was simply not interested in botany. The 
introductory part on minerals (part 11) and the concluding one, on fossils 
(part 16), are particularly important, especially as the editions succeeded 
one another, for an understanding of the development of Blumenbach's idea 
of natural history. 

The foundation upon which Blumenbach constructed his Handbuch was 
the principle of the total habitus as the key to classification. He argued in 
the opening section of part 1, "On Natural History Generally," that Lin
naeus's "artificial" system was clearly inadequate but that the ideal of a 
"natural system" was empirically unattainable, and hence, something in 
between must be found. The most promising avenue was the pursuit of a 
classification using all characteristics accessible for interpretation, the total 
habitus of the organism. This was the argument he had already made in his 
177) dissertation and in a presentation on classifying mammals delivered to 
the Gottingen Academy in 177), but now he was able to demonstrate its util
ity more fully.217 

Blumenbach rejected the idea of transitional kinds between plant and 
animal or between inorganic and organic realms. Such "missing-link" in
quiries had in fact been the object of his own research, not only on polyps, 
which some had suggested were plantlike but which he had established 
incontrovertibly as animal, but also on freshwater mosses, which seemed 
to have animal properties but were distinctly plant forms.218 That led Blu
menbach to a most important argument, which he sustained in version after 
version of the Handbuch: namely, that the "chain of being," or the "law of 
continuity" in the objects of nature, prominently associated with Leibniz in 
metaphysics and with Bonnet in life science, was only a heuristic analogy, 
useful for the pursuit of the ideal "natural system" but in itself false to the 
complexity of nature and the providence of God.219 Adamantly he insisted 
that it was folly to regard the orangutan as the link between man and the 
apes.220 Blumenbach reiterated and amplified all the arguments whereby 
man was distinct from the animals. He assigned humans to their own genus, 
separate from the apes, thus repudiating Linnaeus's inclusive class of pri

mates. The core distinction turned on behavior: man had no instincts, but 
all the other animals were determined by them.221 In his terminology and 
argumentation, Blumenbach clearly drew on Hermann Reimarus, though 
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he would cite him explicidy only in later editions in connection with these 
arguments. Man was distinct precisely by virtue of his lack of instinct and 
organs of self-defen.se. His unique order was "Inermis-here taken spe
cifically to betoken the absence of innate weapons, constructive instincts 
[Kunsttriebe, a technical term from Reimarus], cover [Bedeckungen, i.e., ar
mor or camouflage]-in short, all those [vulnerabilities] that man is rescued 
from by reason.''222 In the Handbuch Blumenbach explicidy connected the 
absence of instinct in man with his ability to penetrate all habitats on earth 
and establish ubiquitous setdement. 

Revisiting, as well, the theme of human variety of his 1775 dissertation, 
Blumenbach firmly reasserted his monogenism: "humans of all times and 
all climes can have descended from Adam.''223 Indeed, "all the differences 
flow so indiscernibly together that there can be none but the most arbi
trary boundaries established between them.''224 Here, Blumenbach first in
troduced his five-variety classification scheme, as I noted earlier. Of great 
interest is the language he used in characterizing the first such variety: 
"The original [urspriingliche] and greatest [grij.i'te] race [Race] comprises first 
all Europeans, including the Lapps," then Asians west of the Caspian Sea 
and the Ganges River, plus North Africans and Eskimos. All these peoples 
were white-skinned and "according to our concepts of beauty the most well 
formed of humans.''225 By 1779, then, Blumenbach not only advanced the 
five-variety model but explicidy used the term "race.'' He still believed in 
the primordiality of the "European" white race and grounded its grandeur, 
in some measure at least, in its beauty, albeit acknowledging that this aes
thetic judgment was an ethnic preference. 

Important as all this was for anthropology and "race" theory in the late 
eighteenth century, for biology it is secondary to the question of Blumen
bach's thoughts on organism and on generation. That is, in the 1779 work 
what were the criteria by which Blumenbach distinguished the organic 
from the inorganic orders of nature, and how did he appraise the theories 
of generation? For Blumenbach, the question of the emergence (Entstehung) 
of organized bodies was, despite all the efforts of modern science, "one of 
the most difficult topics of physiology." He elaborated: ''Whence the original 
basic material [erste Grundstoff] of each and every animal and plant arises 
[hervorkomme], and by what sorts of forces this material is subsequendy de
veloped [ausgebildet], are each problems whose solution hitherto has been 
shrouded in darkness.''226 There was not even agreement over the roles of 
the male and the female in propagation. Blumenbach declared his loyalty 
to Haller's ovism: on the basis of the latter's experiments on chicken em-
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bryos, "Herr von Haller has drawn conclusions that make this doctrine con
siderably more than merely probable [bei weitem mehr als blos wahrschein
lich]."227 In part 2, §u, Blumenbach gave clear definitions of the competing 
theories of epigenesis and "evolution" (preformation). The weakness of the 
former theory was "that all sorts of forces were assumed to carry out this 
process!' He identified three forms of the epigenesis idea: outright animism 
("The spiritualists have made the soul into the master builder");  Buffon's 
view (whereby an "inner model" present in the older organism provides the 
scheme after which "the basic material of the new organism is patterned"); 
and, finally, Caspar Friedrich Wolff's notion of a vis essentialis.228 Blumen
bach then characterized "evolution" (preformation) in the starkest form as 
"preexistence" or "encapsulation!' In §12, he considered the experimental 
work of Hailer in more detail, then offered some reservations. He pointed 
to hybrid generation, to the inheritance of polydactyly from both sexes over 
generations, and to species in which male and female demonstrated radi
cally different morphology-all classic difficulties for theories of preforma
tion.229 Blumenbach was about to make a major intervention in this whole 
question of generation with his new idea of the Bildungstrieb, but in 1779 
there was still no hint of that. 

Blumenbach devoted considerable energies to a Gottingen journal 
founded in 1780 and edited by his two colleagues Georg Lichtenberg and 
Georg Forster, the Gottingisches Magazin der Wissenschaften und Litteratur. 230 

Blumenbach contributed to the inaugural issue and then provided many 
more essays over the next two years, including his most seminal scientific 
paper, "Uber den Bildungstrieb (Nisus formativus) und seinen EinfluB auf 
die Generation und Reproduction;' the original presentation of his theory 
of the Bildungstrieb. This came in late 1780, in the fifth and last issue of the 
first volume.231 The article title itself is important not only for its introduc
tion of his famous term, with its Latin equivalent (nisus, not vis), but also 
for its incorporation of propagation (German, Generation) and regeneration 
(German, Reproduction) as essential aspects of the phenomenon. 

Blumenbach was drawn to the most exciting experimental work in life 
science: Trembley's famous work on polyps. Indeed, while still a medical 
student, his own field research brought him to the study of freshwater hy
dra near Gottingen, and these studies would lead to his greatest theoretical 
innovation, the idea of the Bildungstrieb.232 Blumenbach explained that his 
experiments had led him to a new and significant finding: the regener
ated parts were always smaller than the originals. When, in his subsequent 
medical practice, he observed that after the healing of a particularly exten-
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sive knee injury, the restored tissue permanently manifested a depression 
(i.e., was smaller in mass), he saw the parallel and inferred a generalization 
of very wide significance: 

That in all living creatures from man to mite and from cedar down to mold, 

a distinctive innate drive ['irieb] lies that remains actively at work over their 

entire life span, at the beginning to help them assume their definitive form, 

then to maintain it, and if that be destroyed, as much as possible to restore it. 
A drive (or propensity or endeavor, however one wishes to term it) that is 

entirely different both from the general properties of all bodies whatsoever and 

from the other characteristic forces [Krtijte] of organized bodies in particular, 
which appears to be one of the original causes of all propagation [Generation], 
nutrition, and regeneration [Reproduction], and which I here, in order to avoid 

all misinterpretation and in order to distinguish it from other natural forces, 

provide the name formative drive [Bildungs-'irieb] (nisus formativus).233 

The definition would remain virtually unaltered in all subsequent formula
tions, both in the texts devoted explicitly to the Bildungstrieb and in the texts 
that made use of the concept, for example, later editions of the Handbuch der 
Naturgeschichte and the various editions of his Institutes of Physiology. 

The term itself deserves some attention. The first part, Bildung, is one of 
the most studied in modern German intellectual history. 234 Its importance 
for aesthetics and for cultural orientation has been unquestionably estab
lished. But it had a powerful role in the life sciences as well, with its impor
tant conception of processual development, of formation, especially in the 
organic realm.235 On the other hand, the last component of Blumenbach's 
famous term has not quite drawn the attention it deserves. The concept 
'1rieb played a central role in the developing life sciences of the eighteenth 
century and one explicitly pertinent to Blumenbach's dissertation: namely, 
the difference between man and animals, the question of instinct versus rea
son. Here, Blumenbach was clearly very attentive to the pioneering work of 
Hermann Reimarus. There is also an important contrast between '1rieb and 
Kraft (nisus and vis), which mattered both to Blumenbach and to Kant (and, 
later still, to Goethe and Schelling). 

Blumenbach proposed that propagation, nutrition, and regeneration 
were all fundamentally aspects of one single force, the Bildungstrieb. He 
contended that this new discovery should not be assimilated to older no
tions, such as that of vis plastica, associated with early eighteenth-century 
discussions of organic life, or the vis essentialis of C. F. Wolff. His description 
of each of these alternative views came in the form of brief footnotes.236 
In later versions he would elaborate, especially as he endeavored to make 
clear his differences from Wolff. But Blumenbach had a more important ar-
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gumentative task than distinguishing his position from those of other epi
genesists. He had clearly parted company with preformation theory, and he 

needed to adduce his reasons for doing so, especially since he had formerly 
embraced Hailer's preformation theory in numerous publications. 

This was a bold essay, and he swiftly saw the need to elaborate on his 
argument to make it more convincing. The result was the publication in 

1781 of a book-length version: Uber den Bildungstrieb und das Zeugungsge
schiifte. The core of the eighty-seven-page book is the unaltered repetition 
of the article, but the supplements are worth attention. The book version 

opens with a long, clearly anxious kowtow to Hailer, lamenting "this split 
from Hailer-the man to whose writings and whose correspondence I owe 
so immeasurably much."237 Blumenbach consoled himself that had Hailer 

lived longer he would have himself come round to the new view. Even were 
that not the case, "under no circumstances would Haller's fame suffer the 
slightest diminution of its deserved brilliance.''238 Blumenbach claimed his 
new insight was just luck, not superior labor. The humility is oppressive 
though presumably genuine. 

In the book version, Blumenbach expanded on the difference of his view 
from earlier forms of epigenesis, vis plastica and vis essentialis. He expressed 
a bit of pique at Lazzaro Spallanzani for lumping all such theories together 
the better to uphold his Hallerian preformationist orientation.239 In §5 Blu
menbach moved his discussion of the difference of his Bildungstrieb from 
Wolff's vis essentialis from the original footnote into the body of the text, 
but the treatment amounted to no more than a citation from Wolff's '1heorie 
von der Generation where Wolff gave a characterization of vis essentialis.240 
A great deal more would be required to settle the real differences between 
their views. 

More definitive was his characterization of the weaknesses of preforma
tion theory. Now he suggested there were problems in Hailer's experimental 
results as summarized in Haller's famous review ofWolff in the GGA. Blu
menbach confessed himself to have been convinced for a time, but now he 
raised objections, claiming (in line with Wolff, incidentally, but without ac
knowledgment) that in the first days of embryonic development of the fertil
ized chicken egg there were no signs of blood vessels at all.241 He dismissed 
the "spermists" more brusquely, arguing that the various illustrations of
fered by Leeuwenhoek, Hartzoker, Lieberkuhn, and Spallanzani were so 
mutually incompatible that they made any general claim problematic.242 In 
§35 Blumenbach brought to bear for the first time explicitly the decisive ex
perimental work ofJoseph Gottlieb Kolreuter (1733-1806), who had demon
strated the possibility of mutating one species of tobacco plant into another 
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and then back over a series of generations, thus dissolving some of the most 
essential fixities that inspired preformation and eighteenth-century life 
science altogether.243 Kolreuter's results, Blumenbach averred, "ought to 
convert even the most committed defenders of the theory of evolution from 
their prejudice.''244 Finally, he turned to the notion of "panspermism;' the 
revival of the Lucretian idea that organic germs were dispersed through
out creation and simply came together by chance convergence.245 For Blu
menbach such a theory was formed from "the most adventurously arbitrary 
presuppositions [abentheurlichsten willkurlichen Voraussetzungen] .''246 Having 
disposed of the rival theories, Blumenbach devoted the rest of his text to the 
role of the Bildungstrieb in propagation, nutrition, and regeneration, elab
orating on the different regenerative capacities among animals, especially 
their limits in warm-blooded ones. 

In 1782 Blumenbach issued the second, revised edition of his Handbuch 
der Naturgeschichte, but with virtually no change in the account of animals, 
with one noteworthy exception: in the discussion of the apes, the 1782 edi
tion introduced the notion that they could be particularly distinguished 
from man by the presence of an elongated snout caused by the intermaxil
lary bone, absent in humans.247 Blumenbach referred explicitly to Camper's 
dissection of an orangutan proving the presence of this bone in them.248 
The greatest innovation in the 1782 edition was the inclusion of his theory 
of the Bildungstrieb. The concept made its appearance in the 1782 Handbuch 
in the revisions of part 2 ("On Organized Bodies Generally") and in the re
visions of part 10 ("On Plants"). Part 2 gives the impression of far greater 
confidence and concentration in Blumenbach's presentation of the idea of 
the Bildungstrieb, which he defined in essentially unchanged language in §11 
of the new edition.249 Preformation got short shrift, given its "numberless 
and irresolvable difficulties," and he did not even bother to distinguish his 
idea from other forms of epigenesis.250 His argument was that preforma
tion had nothing to say concerning the ongoing organic processes of nu
trition and regeneration, whereas his theory of the continued presence of 
this formative drive took all this directly into consideration.251 Moreover, 
the regularity as well as the deviance of birth defects and teratology gen
erally could be explained via the Bildungstrieb but not by preformation.252 
Finally, in the section on plants, Blumenbach offered a more extended dis
cussion of Kolreuter's experiments, arguing that preformation was helpless 
to account for them, while they fit very nicely with his own theory of the 
Bildungstrieb. 253 
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Blumenbach, Kant, and the 
"Daring Adventure" of an 
''Archaeology of Nature" 

It is commendable to do comparative anatomy and go through the vast crea
tion of organized beings in nature, in order to see if we cannot discover in 
it something like a system, namely, as regards the principle of their produc
tion . . . .  Despite all the variety among these forms, they seem to have been 
produced according to a common archetype, and this analogy among them 
reinforces our suspicion that they are actually akin. 

KANT, l 7901 

In the first volume of the first edition (1779) of Johann Friedrich Blumen
bach's Handbuch der Naturgeschichte, there is a crucial section (§39) in part 3, 
"Of Animals Generally," that would be removed from all subsequent edi
tions, not because Blumenbach repudiated anything in it, but rather be
cause he would expand upon it in a separate, major component of later edi
tions. That section dealt with the question of extinction. He wrote: "Since 
we are acquainted with so many animals only in fossil form, and not in 
[live] nature, some famous men have concluded that probably some species 
[Gattungen]-indeed genera [Geschlechter]-may have died out. Against this, 
to be sure, one might protest that a very large part of the earth is not yet in
vestigated, and that we cannot know what might lie hidden at the bottom of 
the seas, in the interior of Africa, and other places where natural history has 
not yet made its way!' This was cautious, to be sure, but Blumenbach clearly 
inclined toward the idea of extinction. He noted that there were so many 
fossils without contemporary living counterparts that notwithstanding the 
doubters "still [doch] we have to see from all this that our earth over time 
has suffered very grave catastrophes!'2 
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B L U M E N B A C H  A N D  PA L E O N T O L O G Y  

In the second part of this first edition, which appeared in q8o, Blumen
bach presented a section specifically dealing with fossils (Versteinerungen) 
that aimed to establish clearly the distinction between organic remains and 
inorganic minerals.3 The opening section on mineralogy in general showed 
no changes between the first two editions (1780, 1782). In §221, Blumen
bach presented his overview of the field in crucial language largely unmodi
fied in subsequent editions: 

To start with, something concerning the origin [Ursprung] of minerals, namely, 

concerning the main paths [Hauptwegen] by which in part in earlier times they 

emerged all at once [theils vor Zeiten mit einemal entstanden sind] and in part 

[they] have emerged gradually and even now continue to emerge [nach und 

nach und noch immerfort entstehen]. To shed some light on this, we must nec

essarily go back to the origin of our earth itself, an investigation in which, to 

be sure, a few daring conjectures must always be allowed, although we do not 

want to give ourselves over to the flights of clever men who have offered comets 

and burned-out suns as the basis of their system of the earth[. Instead,] we offer 

our more modest opinion, to which we have been brought first of all through 

the investigation of fossils [Versteinerungen] and their observed difference from 

currendy existing organized beings, as well as through the comparison of an

cient volcanoes [ehemaligen Vu/cane] and their products with those still burning, 

etc., and though this remains just another hypothesis, yet it is a hypothesis that 

nature and what is observable can easily and effectively accommodate. 4 

In the very next section of the 1780 text, Blumenbach made a most radical 
claim: 

We believe ourselves persuaded, accordingly, that our globe [Erdkugel] has ex

perienced at some time at least one apocalypse [wenigstens schon einen Jungsten 
'iag einmal erlebt], and that we have the last judgment that took place then to 

thank for the current state of the world.5 

I think the phrase "at least" in this passage needs to be registered as highly 
significant, though assuredly Blumenbach did concentrate on a single cata
strophic event in this account: 

This great catastrophe was, in all likelihood, occasioned by a subterranean fire 

that presumably thrust the floor of the sea into the heights and at the same time 

occasioned the dry land all at once to be swamped by the sea. Thus was every

thing living on earth drowned [die ganze beseelte Erde ertrunken], and by the 

same token the sea animals perished in being thrust out of their element onto 
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dry land. Hence the size and the regularity of the strata on the highest peaks, 

full of the majority of fossilized molluscs, etc., which have not been discovered 

and are indeed hard to discover in [living] nature.6 

There is compelling evidence that Blumenbach drew this model of the great 
catastrophe from the writings of the Genevan geologist Jean-Andre Deluc. 

Blumenbach reviewed Deluc's Lettres physiques et morales sur l'histoire de la 
terre et de l'homme: Addressees a la reine de la Grande-Bretagne (1779/Bo) in 
Gottingische Gelehrten Anzeigen in December 1780.7 It offered Blumenbach 
a general theory into which to situate his own issues of natural history and 
comparative anatomy and thus brought him to the cutting edge of the field 
of paleontology. Once attuned, Blumenbach recognized that paleontological 
evidence lay all about him-indeed, as he famously put it, in every paving 
stone in Gottingen. 8 

Blumenbach discriminated two elements in Deluc's text, a rambling trav
elogue and a systematic scientific theory, and he concentrated entirely on 
the second of these, which he took to be a finely articulated system.9 Sum
marizing, Blumenbach observed that Deluc "divides all of world history 
into two great periods"-a former world (Vorwelt) and a "newer" earth
separated by a great catastrophe: 

Our earth has its current form thanks to the Deluge-but this came to be in 

the following manner: that the dry land, after it was gradually undermined by 

subterranean fire, eventually collapsed and sank below the level of the ocean 
of that time, which accordingly was drawn into these new depths and aban

doned its former beds, which in turn, having been left dry, became the new 

landmasses. This new, still-current dry land therefore remained stable and 

unchanged in its original fixed stratification, and its previous mountains and 

valleys had almost all already existed while all this was still at the bottom of the 
sea. The highest peaks had stood out over the surface of the waters as islands. 

The rest was covered by the waters.10 

Since then, Blumenbach continued his summary, the oceans and continents 
had remained roughly in the same configuration. Most significantly, accord
ing to Blumenbach, Deluc maintained that "since this great catastrophe . . .  
only a few thousand years could have passed" up to the historical present.11 
Deluc drew his evidence, Blumenbach noted, from the "archive" of the 
mountains to be found on the new continents. Deluc offered a tripartite ty
pology of these mountain formations: primordial, aquatic, and volcanic. Blu
menbach rendered these into "our"-that is, the Wernerian geognosical
terminology, with which his German readers would be familiar. What Deluc 
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called "primordial," Blumenbach rendered Ganggebirge; what Deluc called 
"aquatic," Blumenbach termed Flotzgebirge.U The latter were particularly 
decked with strata upon strata of fossils (Versteinerungen). 

Since Deluc posited that in the former world there had been many up
heavals thanks to volcanic action, this allowed for the local submersion and 
reemergence of dry land, relative to the seas, hence accounting for the fos
sil presence of land animals and plants in strata beneath those of sea life, 
and conversely. The volcanic explosions were outbursts of a subterranean 
fire and, combined with explosions resulting from penetration of seawater 
via the resulting cracks, widened cavernous gaps in the earth's crust, gradu
ally spreading laterally until the whole surface was undermined, setting up 
the great catastrophe. This further explained the overlay of volcanic and 
sedimentary strata, since there were many such dislocations and resettle
ments over the vast span of preadamite time. Two outcomes were particu
larly salient for Deluc in this analysis. First, the age of the current conti
nents could be measured by geological observations-the use of "nature's 
chronometers" such as the accumulation of silts in river deltas like that 
of the Rhine-to be quite recent. And, second, this all converged gratify
ingly, but ostensibly without deliberate refitting, with the biblical narrative 
of Moses.13 

Blumenbach's review accomplished a remarkably concise distillation of 
Deluc's prolix presentation. There can be little doubt from this account that 
Blumenbach drew heavily on Deluc for his theory of the early history of the 
planet in 1780. He made this explicit in a footnote to §227 of the Handbuch 
of 1797: "There is no geognosic system known to me (and one could count 
already in the year 1764 no fewer than forty-nine) that satisfies this demand 
[of grounding the fundamental knowledge claims of geognosy in a careful 
test against physics and chemistry] other than that in Mr. Deluc's geologi
cal letters which are translated from the French manuscript in Hr. Professor 
Voigt's Magazin [for den Neueste aus der Physik und Naturgeschichte]."14 

Blumenbach's 1780 formulation augmented Deluc's account in its treat
ment of volcanoes. If fossil remains represented one of the two classes of 
empirical evidence for the ancestral earth, Blumenbach noted, volcanic re
mains formed the other: 

In a thousand places, however, the fire broke through the crust of the earth, 

hence the coundess extinct volcanoes that in the most recent times have been 

recognized as such and that from Gottingen to the banks of the Rhine alone 

have been counted at about fifty. Perhaps it was through this great catastrophe 
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that granite assumed its current appearance and, consequently, like the vast 

majority of fossils [Petrifacten], along with the majority of extinct volcanoes 

and columnar basalt formations, should be considered the ruins of the former 

world, that preadamite earth, and accordingly be distinguished from all the 

other minerals that, gradually or also through similarly violent catastrophes, 

emerged on the subsequently established earth, after the Creator, in the manner 

recounted by Moses, gave it new life with its current creatures.15 

In this passage Blumenbach both embraced the biblical account (Moses) 
and situated it in a context of preadamite times that was clearly a more 
recent and nonscriptural conception.I6 In short, Blumenbach arrayed two 
substantial classes of empirical evidence for a radically different earlier ep
och of the earth, and he contemplated the possibility of "similarly violent 
catastrophes," that is, a plurality of such events. Indeed, in §223, Blumen
bach moved from the conception of the unique catastrophe to a notion of 
general causes of geological disruptions: "subterranean fires and deluges, 
the two means by which, in our opinion, the former world was annihilated, 
are still two considerable sources also on our current planet sometimes for 
the destruction and other times for the transformation and emergence of 
minerals."17 

The next edition of Blumenbach's Handbuch appeared in 1788, and it 
showed primarily an expansion of Blumenbach's documentation of fossil 
finds.18 He had become quite interested, as museum director, in accumu
lating a collection of such fossils for Gottingen, and he would build one of 
the foremost such collections in Europe by 18oo. Theoretically, however, he 
made no revision in the 1788 edition. By the 1791 edition, Blumenbach did 
make important changes in the mineralogy section, including a clearer for
mulation of its taxonomy.19 But in the interval, of course, he had published 
the first edition of his Beytriige zur Naturgeschichte (1790 ), which proved his 
most important publication in the field.20 

The first volume of the first edition of his Beytriige was dated April 1790.21 
It was accompanied, later that year, by an article in Magazin for den Neueste 
aus der Physik und Naturgeschichte, with the title "Beytrage zur Naturge
schichte der Vorwelt."22 Only the first sections of volume 1 of the book dealt 
directly with the questions of earth history and paleontology; the entire sec
ond volume dealt with other issues.23 The article of late 1790 did take up 
questions of earth history, since it was motivated by his immediately ensuing 
critical resume of James Hutton's "eternalist" theory of the earth.24 Clearly, 
Blumenbach preferred the historical-developmental account worked out by 
Deluc (and others, including the German Wernerians) to the cyclical theory 
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developed by Hutton, especially since the latter made light of species ex
tinction, in stark contrast to Blumenbach's own view. This may have been 
a central topic in his conversations with Deluc a year later (1791) at Wind
sor. Their common opposition to Hutton may have been an important mo
tive for Blumenbach's invitation to Deluc to draw up a concise summary of 
his rival theory for a German audience, which appeared in the same journal 
where Blumenbach had himself critically appraised Hutton's ideas. A de
cade later, in 1801, Blumenbach gave an anniversary address to the Gottin
gen Royal Academy of Sciences, "Specimen Archaeologiae Telluris?' which 
he summarized in a report for the Giittingische Gelehrten Anzeigen in that 
same year, then published in Latin in 1803.25 A summary of his summary 
was then appended to the third section of his Beytriige, part 1, in the second 
edition of 1806.26 The contentions of these three versions, and often the 
very phrasing, are roughly identical, with the exception that the Latin paper 
published in 1803 had a more extended treatment of particular fossilized 
organismsY This body of material is the most direct evidence we have of 
the development of Blumenbach's ideas on paleontology and the history of 
the earth. 

As he put it in a footnote to §2 of the 1790 edition of his book, "nearly 
the only, but therefore all the more important, use of the knowledge of fos
sils [Versteinerungen], is the solution that the history of the changes of the 
earth's surface derives from it."28 Blumenbach articulated clear methodolog
ical constraints, already in 1790 and then more extensively in 1806: "If pet
rifactions [Petrifacten] can be made of regular use for the archaeology and 
the physical geography of the earth, as the surest documents of the archives 
of nature for the fruitful history of the catastrophes that have been con
nected with our planet since its creation, the study of them . . .  demands . . .  
a thorough critical comparison of them with the organized bodies of the 
present creation, . . .  of their different locations, and their geognostical re
lations.''29 If one observed this methodological propriety, "a wider exami
nation of these differently made fossils, and of these equally various sorts 
of condition, brings us to a closer conclusion as to the oldest history of the 
body of this earth . . .  [and] the numerous catastrophes . . .  through which 
its crust has acquired its current appearance . . .  built out of such great 
convulsions."30 

The most important feature in these texts is that Blumenbach insisted 
upon a plurality of "revolutions"-"the sequence of the totally different 
catastrophes [earth] has gone through, by which the numerous fossil re
mains of former organic creations have come to their present positions.''31 
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1 He clearly articulated three conceptually distinct phases; moreover, each of 
these phases in its turn involved multiple incidents.32 Working backward 

in time, Blumenbach first collocated those fossilized (and semipreserved) 
remains of creatures that could be identified with currently existing spe
cies. Second, he identified remains that were similar to current species but 
not the same and, in addition, whose closest living analogues inhabited dis
tinctly different climatic zones. Here he placed the widely discussed ele
phant, rhinoceros, and other remains that had been the preoccupation of 
zoologists over the second half of the eighteenth century, and whose cor
rect reconstruction would become the basis of Georges Cuvier's rise to pre
eminence in the early nineteenth century.33 Blumenbach clearly discerned 
a mass extinction between the first and the second phase: "a total alteration 
of the climate took place, which occasioned the destruction of the then living 
generation of these tropical creatures, as of many other genera and species 
of organized bodies which existed among them . . .  such as the unknown 
of Ohio [Ohio-incognitum] among great land-animals . . . .  This revolution, 
which seems to have been merely climatic, must be distinguished from 
those earlier and much more formidable ones [note plural!], from which we 
must date the petrifactions of the third division, the oldest of all.''34 

In his third and most ancestral phase, Blumenbach placed fossilized re
mains that were utterly different from any known living forms and that, ac
cordingly, were evidence for a former world (Vorwelt) and a discontinuity 
far more radical than he ascribed to the border between his first and sec
ond phases. It was this more ancient and drastic divide that Blumenbach 
accorded the title of a "total" revolution: "in my opinion, it becomes more 
than probable that not only one or more species but a whole original orga
nized preadamite creation has disappeared from the face of our planet.''35 
That is, "as I have said [already in 1780 ], • . .  our earth has already suffered a 
complete revolution and experienced one last day."36 He elaborated: "This 
general revolution . . .  is quite different from the subsequent one" dividing 
the first and second phases.37 For all these phases his consistent employ
ment of the plural indicated that many disruptions, though not all global in 
scope, took place both before and after the great catastrophe. Significantly, 
he wrote of that as "the last catastrophe" (my emphasis), hence one of many 
that beset the Vorwelt.38 He insisted that the fossil remains could not all be 
"explain[ed] . . .  by one and the same catastrophe,"39 Clearly, Blumenbach 
conceived of multiple disruptions in the Vorwelt: "these destructive catastro
phes themselves were again of more than one sort, and were very far from 
happening all at the same time."40 To be sure, Blumenbach was cautious 
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about how much order could be brought to the periodization of the planet's 
surface changes :  "it is scarcely possible at present to determine with any 
certainty the chronological arrangement of the successive periods[,] . . .  to 
say nothing of the causes of them.''41 

What triggered Blumenbach's thinking was the empirical evidence for 
extinction, and not simply rare instances of it but massive hordes of no
longer-to-be-found organic forms, illustrated, in his own works, by some 
two hundred species of ammonites for which no correlative life-forms could 
be found in the living world. 42 One can hardly argue that Blumenbach was 
the first to take up the issue of extinction. Already in 1779 he wrote of "a 
few famous men" who advocated the idea and with whom he chose to align 
himself.43 Blumenbach made the question of extinction the leading prin
ciple not only for the study of fossils but also for the theory of life-forms in 
general-a foundation, in conjunction with comparative anatomy, for a true 
life science. Moreover, in Baron's words, "Blumenbach's periodization of 
fossils represents one of the earliest efforts to draw a parallel between the 
history of the earth and the history of organisms.''44 Thus, Blumenbach was 
among the first to see that the reconstruction of the "individual phases" of 
the historical process of the development of organisms could be achieved 
through the study of fossils. 45 The direction of this relation is crucial here. 
In the history of geology, the significance of "biostratigraphy" lay in dating 
strata sequences, that is, geological forms. But strata sequences also created ef
fective empirical evidence for periodization in the sequence of life-forms
evolution in our most general sense of shifts in the basic form and function 
of living things across the span of earth history. To be sure, Blumenbach 
knew he was far from a good causal account. Yet, by that very token, such a 
realization obviously called for one. 46 

The single most important conundrum presented by this periodization 
of earth history and its living inhabitants was how the extinct organisms 
came to be replaced after the great catastrophes, and especially after the most 
massive one separating the Vorwelt from the recognizable configurations of 
what Blumenbach took to be the current world (Schopjung, literally, "crea
tion"). 47 Mass extinction made the idea of a "total revolution" very prob
lematic, as Rudwick notes, since the question of a "new" creation seemed 
to require literally a deus ex machina. 48 Blumenbach clung to the fact of 
the matter, even if he could not offer a compelling causal account. ''A whole 
creation of organized bodies has already become extinct, and has been suc
ceeded by a new one," he wrote.49 "How indeed this subsequent creation 
took place, that I can no more say than how in early times the first sper-
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matic animalcule came into being; that, however, they were subsequently 
created seems to me undeniable, and I lay that to the account of the great 
DlUtability of nature,"50 

Blumenbach, to get some perspective on this, insisted that extinctions 
and new emergences were continuing to take place: "Creatures enough die 
away in a locality, and fresh ones again become naturalized and spread 
themselves . . . .  So there is nothing contradictory in the idea . . .  that a species 
may have become extinct; and on the other hand, a fresh one may likewise 
be sometimes very easily created [!] subsequently!'51 This was the perspec
tive from which to consider the aftermath of the "last great catastrophe!' "If 
the former world [Vorwelt] suffered a total revolution, as seems unmistak
able, and if this revolution was probably caused by a general conflagration 
of the earth [durch einen allgemeinen Erdbrand bewirkt], afterward there must 
have been a very long span of time before the newly changed crust of our 
planet had cooled down and its surface once again became at all ready to 
be enlivened with a fresh vegetation and vivified with a new animal crea
tion!'52 Blumenbach surmised that "the Creator" would then have "permit
ted the same natural forces in general to achieve the production [Heroor
bringung] of a new organic creation" to fulfill the same purposes that the 
older order of life had served in the prior world. 53 Noteworthy here is not 
only the transcendent interoention but the teleological construction of the order 
of organized life in both worlds. That teleological structure was, moreover, 
ascribed to natural forces, which, even more importantly, remained constant 
across the catastrophe. 

This allowed Blumenbach to have recourse to his own master concept, 
the Bildungstrieb, to grasp the phenomenon. "Just that, after such a total 
revolution had so changed the materials at hand, the formative drive clearly 
was compelled to take a direction differing more or less from the old one 
in the production of new species." 54 That is, "the formative drive in these 
two creations, to be sure, functioned in a similar but not in the identical 
manner."55 The language of an "alteration of direction of the formative 
drive" became a centerpiece of Blumenbach's teaching in the 1790s, as evi
denced in its prominence in Christoph Girtanner's representation in his 
1796 monograph. 56 In his text of 1790, Blumenbach was at pains to distin
guish that mode of explanation from a rival view proposing "degeneration 
(Degeneration) acting for a long series of thousands of years."57 Evoking the 
contrasting direction of the spiral in fossil seashells relative to living ones, 
he firmly asserted: "Such a thing is not a consequence of degeneration, but 
a remodelling [Umscha.ffung] through an altered direction of the formative 
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drive."58 He considered the possibility, based on the similarity of ancient 
fossils to currendy existing life-forms, that some organisms might have per
sisted across all the catastrophes into the present, but he asserted a pref
erence for the hypothesis that these were only similarities induced by the 
formative drive of nature since it was indeed perennial, though it adapted 
to the new circumstances of the postcatastrophe earth. 59 Thus, Blumenbach 
proposed "an altered direction of the formative drive [eine veriinderte Rich
tung des Bildungstriebes]" as his key. In a footnote added to the second edi
tion, he elaborated: "the formative power of nature in these remodellings 
[Umschaifungen] partly reproduces again creatures of a similar type to those 
of the old world, which however in by far the greatest number of instances 
have put on forms more applicable to others in the new order of things, so 
that in the new creatures the laws of the formative drive have been some
what modified."60 

Rather than abandon his commitment to the immutability of species 
(though not of varieties within a stem-line), Blumenbach insisted on the for
mation of entirely new life-forms, with only structural parallelism to earlier 
forms due to their common formation by the ubiquitous Bildungstrieb. The 
notion of perennial forces generating different particular forms in differing 
ecological circumstances has some resonance with Buffon's notion of the 
persistence of indestructible "organic molecules" and the action of various 
"interior molds" that allowed for similar emergences of new life-forms 
across geological change. 61 That assumption of perennial forces, which took 
into account altered circumstances, seemed to Blumenbach more consis
tent with "physiology" than the notion of immanent developmental change 
leading to new species. 62 The functionally constrained (teleological) "animal 
economy" of each species (or its stem-line) was so finely integrated in terms 
of the relations of its various organic parts that any significant change 
would induce drastic dysfunction, in his view. 63 The force of his "compara
tive anatomy" thus induced conservatism about biological transformism, 
just as it would in the parallel positions of Cuvier. 64 

K A N T ' S  R E T R E AT F R O M  T H E  " D A R I N G  A D V E N T U R E  

O F  R E A S O N "  I N  H I S T O RY O F  N A T U R E  

If Kant was one of the most important advocates of history of nature as a 
new empirical science, by 1790 he also became suspicious of its potential. 
Kant made a decided shift over the 1780s from participation in actual life 
science (to be sure, from his armchair) to a much more skeptical critique 



THE " D A R I N G  A D V E N T U R E "  O F  A N  " A R C H A E O L O G Y  O F  N A T U R E " 225 

of its method.65 As he waged his bitter disputes over "race" in the q8os 
with Herder and Forster, and as he simultaneously evolved his own critical 

philosophy, epistemological scruples overshadowed Kant's scientific ambi
tions, undermining the very possibility of a science that proposed to account 
for the genesis or even the organicism of living things in nature. 66 Raphael 

Lagier traces across the 178os a "progressive reduction of empiricism in 

[Kant's theory of] the sciences;' which at the extreme "seemed to disqualifY 
from the outset" new impulses in late eighteenth-century science, especially 
life science. 67 

Phillip Sloan notes three contexts for Kant's shift: the controversy with 
Herder, Kant's return to the problem of race, and Kant's "development of 
a rational philosophy of science and a classification of the sciences in the 

Metaphysical foundations of natural science of 1786."68 These three contexts 
are thoroughly interconnected. Sloan recognizes the key: Herder's "vital, 
transformative pantheism, accounting both for the origin of the earth and 
also for its living creatures, and eventually for human beings and for the 
emergence of reason itself, seems to have drawn Kant abruptly up against 
the conclusions to which a full-blown 'history' of nature, one even more 
ambitious than that of Buffon, could be taken."69 Kant became alarmed over 
"the possibilities (and the dangers) inherent in a developmental history of 
nature-the options either of a dynamic pantheism or of an atheistic ma
terialism!'70 The decisive passage in Kant's review of Herder's Ideen made 
clear what troubled him: 

As regards the hierarchy of organisms, . . .  its use with reference to the realm 

of nature here on earth leads nowhere . . . .  The minuteness of differences when 

one compares species according to their similarity is, in view of such a great 

multiplicity [of species,] a necessary consequence of that multiplicity. But a con

sanguinity [Verwandtschaft] among them, according to which either one species 

springs from another and all of them out of one original species, or as it were 

they originate from one single generative mother-womb, would lead to ideas 

which are so monstrous that reason shrinks back.71 

Kant also rejected Herder's idea of a single all-pervasive force as the prin

ciple of the organization of nature. "The unity of organic force . . .  is an 
idea which is entirely outside the field of empirical natural science and be
longs to merely speculative philosophy."72 Indeed, Kant suggested that prac

titioners of Naturbeschreibung would do well to draw back: "As to whatever 
this contribution to comparative anatomy through all the species of ani
mals down to the plants may betoken, those who conduct natural descrip-
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tion [die Naturbeschreibung bearbeiten] can decide for themselves how useful 
this suggestion may be for new observations and whether it even has any 
basis whatever [ob sie wohl uberhaupt einigen Grund habe]!'73 This is an un
mistakably hostile stance toward an enterprise he had himself been cen
tral in advancing, though, to be sure, he did not entirely proscribe the new 
Naturgeschichte. 

In his classification of natural inquiry into a hierarchy of "proper" 
science in the preface to Metaphysische Anfangsgriinde der Naturwissenschaft 
(1786), Kant distinguished (with his epoch) between "historical" and "ratio
nal" sciences: that is, those that rested entirely on empirical, a posteriori ob
servations and those that had a rational, or a priori, foundation.74 For Kant, 
"proper science" (eigentliche Wissenschajt) could belong only to the latter 
category. He therefore divided natural theory into "historical natural theory 
[historische Naturlehre], which is nothing more than systematized facts about 
natural things, . . .  and (proper) natural science [Naturwissenschajt]!' Under 
the merely empirical category of historische Naturlehre Kant offered two fur
ther subdivisions: "natural description [Naturbeschreibung], as a system of 
classification of these natural things according to similarities, and natural 
history [Naturgeschichte], as a systematic representation of these things in 
various times and places!'75 

In his 1785 essay on race, Kant took up the question of the relation of 
Naturgeschichte to Naturbeschreibung again. "Species [Art] and genus [Gattung] 
are not in themselves distinguishable for natural history (in which what mat
ters is only generation and origin [es nur um die Erzeugung und den Abstamm 
zu tun ist]). Only in natural description, since it is just a matter of the com
parison of traits [Vergleichung der Merkmale], does this distinction arise."76 
Thus, for Kant, Linnaean classification sufficed to define life-forms accord
ing to a "nominal genus [Nominalgattung] (in order to classify them accord
ing to certain similarities), but never a real genus [Realgattung], for which the 
absolute minimum requirement would be the possibility of descent from 
a single common set of parents [durchaus wenigstens die Miiglichkeit der Ab
stammung von einem einzigen Paar erfordert wird]!'77 It was this character
ization that provoked criticism from the famous naturalist Georg Forster/8 

In his crucial essay of 1788, "Uber den Gebrauch teleologischer Prin
cipien in der Philosophie," the response to Forster's criticisms, Kant distin
guished a project to explain "the original emergence [Entstehen] of plants 
and animals"-which he agreed with Forster "would be a science for gods;' 
that is, something "to which human reason [Vernunjt] cannot extend"
from history of nature. The latter "would, by contrast, concern itself with in-
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vestigating the connection between certain present properties of the things 
of nature and their causes in an earlier time in accordance with causal laws 
that we do not invent but rather derive from the forces [Kraften] of nature 
as they present themselves to us, pursued back, however, only so far as per
mitted by analogy." Kant insisted that such an enterprise was "not only pos
sible, but one which is attempted frequently enough, as, for example, in the 
theories of the earth formulated by careful natural scientists (among which 
the theories of the famous Linnaeus also find their place).''79 

Kant maintained that Naturbeschreibung and Naturgeschichte were "thor
oughly heterogeneous;' and "if the first (natural description) appears as a 
science in the complete splendor of a great system, [while] the other (natural 
history) can only offer fragments or faltering hypotheses;' still he defended 
upholding Naturgeschichte as a distinct science: 

Even if for now (perhaps even forever) [this undertaking] can be conducted 

more in outlines [Schattenrisse] than in a thoroughly elaborated science (in 

which for most questions a "still open" [Vacat] will be found to be indicated), 

nevertheless I hope to be able to see to it that an insight not be accorded to 

the one [vantage] that actually belongs only to the other and to show how one 

might more precisely understand the extent of actual knowledge in natural 

history (for we do have some such knowledge), while at the same time [under

stand] its limits, which lie in [the nature of] reason itself, together with the 

principles in accordance with which it might be extended in the best possible 

manner.80 

This conceptual discrimination was in itself a valuable contribution to 
science, Kant insisted, for it kept off "the recklessness [Sorglosigkeit] which 
allows the proper boundaries of the sciences to be transgressed."81 He 
went on: 

the greatest difficulty in this proposed innovation lies simply in the names. The 

term history [Geschichte], as with the Greek historia (storytelling, description), 

has a meaning that is already so thoroughly and so long a matter of custom that 

one could not easily permit assigning it another meaning, which would be that 

of the natural inquiry into origins [Natuiforschung des Ursprungs], while it is also 

not without difficulty to find for it in this last sense another, appropriate techni

cal expression.* (*I would like to suggest for natural description the term physi

ography; for natural history, by contrast, physiogony.) In any event, the linguistic 

difficulty of discrimination cannot remove the difference in fact. 82 

Kant distinguished between "Abartung (progenies classifica)" and "Ausartung 
(degeneratio s. progenies specifica)"-that is, variation within, versus mu-
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tation into another, species, or what in §8o of the Kritik der Urteilskraft he 
distinguished as generatio homonyma and generatio heteronyma, then added 

in a footnote: "The terminology of classes and origines expresses quite un
equivocally a merely logical discrimination, which reason makes among its 
concepts for the sake of strict comparison; genera and species, however, can 
also express the physical discrimination which nature herself makes among 

her creatures in terms of their generation [Erzeugung]."83 A few pages later, 
Kant reasserted the distinction between Naturgattung and Schulgattung.84 
The first was a category of Naturgeschichte, and the second, a category of 
Naturbeschreibung. 

It was the task of Naturgeschichte, not Naturbeschreibung, to account for 
both the fixity of species and the varieties and races within them that had 
emerged over the course of natural history. 85 But there were rational limita
tions: "the physical first beginning of organic entities cannot be established 
by either of us [himself or Georg Forster] or by human reason in principle, 
just as little as the half-bred inheritance of traits in propagation [between 
races]."86 Only teleology could work here; to attempt otherwise, "to sup
plant [teleological judgments] by physical ones in considering organisms in 
terms of that which has to do with the fixity of their species, cannot even be 
thought, and this form of explanation imposes no new burden on natural 
inquiry to go beyond what it in any event can never get past, namely here 
to follow merely the principle of purposes."87 This led Kant to the epistemo
logical posture that grounded the "Critique of Teleological Judgment" two 
years later: 

Because the concept of an organized being carries with it that it is a material 

[entity] in which all [elements] stand in mutual interaction as ends and means, 

and this can only be thought of, moreover, as a system if final ends, and its possi

bility accordingly only teleologically-never, however, in terms of a physical

mechanical mode of explanation at least for human reason-thus, it may not be 

investigated in physics whence all organization itself has sprung. The answer 

to this question, if it is at all accessible to us, would lie beyond natural science, in 

metaphysics. I for my part derive all the organization in an organized being (via 

generation) and subsequent forms (of this sort of natural being) according to 

laws of gradual development from original endowments (of which one can often 

come upon instances in the dissemination of plants), which are to be traced 

to the organization of its stock. To account for how this [original] stock itself 

arose, this obligation lies entirely beyond the bounds of all physics possible for 

humans, within which I, however, believe I must contain myself. ss 

Sloan argues that by 1788 Kant drastically restricted any "science of the his
torical genesis of nature in the Buffon-Herder tradition.''89 While he still 
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recognized the possibility of a history of nature, he starkly limited its pros
pects. Indeed, already in his reviews of Herder, he wrote of science "shrink

ing back" from monstrous hypotheses of genesis and transformation.90 To 
justify to Forster this shrinking back, Kant appealed to the constraint of 
"original endowments," which predetermined the "line of descent" and 

which could be triggered but not created by environmental conditions.91 

In the Kritik der Urteilskraft, Kant observed: 

If the name natural history that has been adopted for the description of nature 

[Naturbeschreibung] is to remain in use, then one can call that which it literally 

means, namely, a representation of the ancient condition of the earth-about 
which, even though there is no hope for certainty, there is reasonable ground 

for making conjectures-the archaeology of nature, in contrast to that of art. To 

the former belong fossils, just as to the latter belong carved stones, etc. For since 

we are really constantly, if also, as is fitting, slowly, working on such an ar

chaeology (under the name of a theory of the earth), this name would be given, 

not to a merely imaginary branch of research into nature, but to one to which 

nature itself invites and summons us.92 

This is a crucial passage, in which Kant gave up trying to extract Naturge
schichte from its longstanding confluence with Naturbeschreibung in ordinary 
language and instead offered a new technical term for it. He clearly saw

. 
that such a historical science of nature had been pursued and that it was a 
natural desideratum. He allowed there could be some knowledge, though 
not much certainty, about such a topic. 

In the main text (to which this observation was attached merely as a foot
note), Kant described the evidence that the earth had undergone a series of 
catastrophes, with drastic effects on organic life. He suggested that this of

fered little prospect of a simple, teleological account of the development of 
earth (i.e., that it was designed to support life and especially human life). He 
wrote: "Now if the habitat, the maternal soil (the land) and the maternal 
womb (the sea) for all these creatures, yields no signs of anything except an 
entirely unintentional mechanism for their generation, how and with what 
right could we demand and assert another origin for those products?"93 

At the very least we are entitled to find Kant quite equivocal about this 
new science of the historicization of nature. Some years after the publica
tion of the Kritik der Urteilskraft, in Rink's edition of Kant's physical geog
raphy lectures, we find the following passage: 

If one presents the characteristics of nature as a whole . . .  as it took form across 

all times, then -and only then -would one be presenting a properly so-titled 

natural history. Whatever changes arose [within any given organism] by vir-
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tue of the differences of the land, the climate, dissemination [Fortpjlanzung], 
etc. through all times-that would be a natural history-and one that could be 

made for every particular part of nature. However, there is this difficulty: that 

one can only offer hunches based on experiment more than one can be in a 
position to provide an exact report of all this [dafl man sie mehr durch Experi

mente errathen miiflte, als dafl man eine genaue Nachricht von allem zu geben im 

Stande sein sollte]. For natural history is hardly more recent than the world itself, 

but we can't even attest to the certainty of our reports from the time the art of 

writing emerged. If one, then, undertook accordingly to go through the condi

tions of nature so that one observed what changes these underwent through 

all epochs, then this undertaking would provide an authentic natural history.94 

Kant, by the 1790s, while not surrendering his conceptual articulation of 
a historical science of nature as a separate science with determinate ambi
tions, nevertheless believed that its actual harvest of empirical knowledge 
would remain quite limited. A final, very revealing piece of evidence in this 
vein comes from Kant's lectures in physical geography from 1786, where, 
for the only time we have documented, Kant commented on Buffon's great 
work of 1779, Les epoques de la nature. Kant offered very left-handed praise: 
"The only work that deals with real history of nature [Naturgeschichte] is 
Buffon, Epochs of Nature. But Buffon let loose the reins of his imagination 
too much and therefore composed far more a novel of nature than a true 
history of nature."95 Neither Buffon nor Herder could satisfy Kant; the 
project itself seemed dubious. 

Significantly, in the third Critique Kant assigned a "system [of nature] 
according to teleological concepts" not to natural history but to natural de
scription (Naturbeschreibung), then added: "But concerning the origin and the 
inner possibility of these forms [i.e., the project of natural history in Kant's 
new sense], . . .  such information is still properly to be attained through 
theoretical natural science."96 By "theoretical natural science;' Kant must 
be taken to have meant science according to the mechanistic maxim.97 But, 
if so, Kant must also be taken to have meant that these were inaccessible al
together, for his whole argument in the third Critique was that mechanism 
could not explicate organic nature even descriptively-hence the need for 
teleological thinking in the first place. The real point, then, is that Kant 
made three distinctions: first, full-fledged natural science on the mechanistic 
model; second, strictly "reflexive" teleological description (which allows us 
at least to organize our thoughts about organic nature); and third, questions 
of the "origin and the inner possibility" of things-particularly "natural 
purposes"-which must remain "inscrutable" in principle.98 

Methodologically, Kant upheld a lifelong conviction that mechanism 
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could never explain organic form.99 Now he added that the only prospect for 
natural science in this domain was, in Lagier's phrase, "to limit the hemor

rhage into the supernatural!'100 In the first Critique Kant proposed to under
stand reason by analogy to organic forms ("epigenesis of pure reason").101 

However, in the third Critique Kant reversed himself, asserting, as Lagier 
notes tellingly, "the purposive systematicity of organic form is not properly 

speaking even thinkable except via the limited implications of an analogy 
with the intentional products of the will (of practical reason), such that the 
teleological orientation of the products of nature is in principle always the 
imposition by the subject himself of a purpose onto nature, and never an ob
jective property of objective 'life.""02 Indeed, Kant's ultimate considerations 
of teleological judgment turned away from natural history to human self

realization, from "physiological" to "pragmatic" anthropology.103 

The Kritik der Urteilskraft (1790) essentially proposed the reduction of 

life science to a kind of prescientific descriptivism, doomed never to be
come "proper science}' never to have its "Newton of the blade of grass."104 
That for Kant "biology" cannot be an empirical science but must draw on 
"metaphysics" is the open secret of Clark Zumbach's provocative title: The 
'Iranscendent Science.105 While I have made this larger argument about Kant 
and biology elsewhere, what I stress here is a more concrete issue: Kant's 
view on the prospect of a new empirical science of "natural history" as a 

developmental-historical approach to geological and biological matters.106 

In the context of the Kritik der Urteilskraft, this brings us to the famous and 
controversial passage in §So concerning a "daring adventure of reason." 

The text forms the second section of what Kant termed "Methodology 
of the Teleological Power of Judgment." Having, in the prior section, made 
clear that teleological judgment "provides no information at all about the 

origination and the inner possibility of [organic] forms" but can at best have 
"a negative influence on procedure in theoretical natural science/' Kant rec
ognized in § So that this could hardly appear congenial to practicing inquir
ers in this emergent field of empirical science.107 He acknowledged their 
ambition to find an empirical scientific approach to these problems, which 
for him meant integrating them into "the mechanism of nature, without 

which there can be no natural science at all;' but he insisted that this would 
never be successful-not "because it is impossible in itself to find the purpo
siveness of nature by this route, but only because it is impossible for us as 

humans!'108 That is, Kant's suspicion of biology was a direct consequence of 
the critical epistemology, the establishment of the limits of human reason, 
which Kant worked out from 1781 to 1790. 

Thus, the balance of the section should be seen as a counterfactual exposi-
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tion: a presentation of what one might wish could be done, but which Kant, 
from the outset and in principle, denied could be done.109 Kant alluded to 
a "commendable" temptation to use "comparative anatomy" to construe 
an actual historical development of life-forms: "This analogy of forms, in
sofar as in spite of all the differences it seems to have been generated in 
accordance with a common prototype [Urbild], strengthens the suspicion 
of a real kinship among them in their generation from a common proto
mother [Urmutter], through the gradual approach of one animal genus to 
the other, from . . .  human beings, down to polyps, and from this even fur
ther to mosses and lichens, and finally to the lowest level of nature that we 
can observe, that of raw matter."110 Such an "archaeologist of nature," as 
Kant characterized the empirical scientist involved in this inquiry, would 
"have the maternal womb of the earth, which has just emerged from a con
dition of chaos (just like a great animal), initially bear creatures of less pur
posive form, which in turn bear others that are formed more suitably for 
their place of origin and their relationships to one another, until this birth 
mother itself, hardened and ossified, has restricted its offspring to determi
nate species that will degenerate [ausarten] no further, and the variety will 
remain as it turned out at the end of the operation of that fruitful formative 
power!'lll Kant postulated that this developmental process had long since 
closed, that the world he contemplated was one of fixed species.112 He then 
went on to make a crucial philosophical point about such an empirical spec
ulator: "ultimately he must attribute to this universal mother an organiza
tion purposively aimed at all these creatures, for otherwise the possibility of 
the purposive form of these products of the animal and vegetable kingdoms 
cannot be conceived at all."113 That is, Kant was committed to preformation
even if "generic" rather than individual-and this meant that there was an 
ineluctably metaphysical foundation for any consideration of organisms and 
life in the physical world.114 The "original principle of organization" was 
"inscrutable"; that is, it lay beyond the reach of human reason.115 In a foot
note to §8o, Kant continued his reflection on this empirical-speculative im
pulse: "One can call a hypothesis of this sort a daring adventure of reason, 
and there may be few, even among the sharpest researchers into nature, 
who have not occasionally entertained it."116 The balance of the footnote 
made the point that while this was not an irrational undertaking, as the hy
pothesis of"spontaneous generation [generatio equivoca]" would be, it simply 
lacked any empirical evidence. All natural history could demonstrate, Kant 
affirmed, was species fixity, generatio homonyma, for "generatio heteronyma, so 
far as our experiential knowledge of nature goes, is nowhere to be found!'117 
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In these passages, Kant was hardly endorsing this "daring adventure of 
reason" but in fact suggesting drastic limitations for the empirical pursuit 

of a historical inquiry into nature. One of the casualties of the critical Kant's 
constriction of authentic scientific credibility ("proper science") was his 
own vision of a historical approach to nature. This "daring adventure of 
reason" had no prospect of becoming "proper science," and little even of 
becoming a "systematic organization of facts}' in the terms of Kant's Me
taphysische Anfangsgriinde der Naturwissenschaft.118 What remains is to ask 
whether his warning was taken to heart. In fact, Kant's interdict failed. To 
demonstrate this, we must assess his relationship with Blumenbach, in 
whom we have established an unequivocal commitment to the historiciza
tion of nature.119 

B L U M E N B A C H  A N D  K A N T  

In defending himself against Forster in his essay of 1788, Kant invoked Blu
menbach in a footnote to dismiss what in the Kritik der Urteilskra.ft he would 
call a "daring adventure of reason"-namely, the transformation of the great 
chain of being from a taxonomy to a phylogeny.120 This "widely cherished 
notion preeminendy advanced by Bonnet" had been questioned by Forster, 
and Kant was happy to report that, under the critical scrutiny of Blumen
bach's Handbuch der Naturgeschichte, all the weaknesses of that position had 
been exposed.121 Then he added the observation: "this insightful man also 
ascribes the Bildungstrieb, through which he has shed so much light on the 
doctrine of generation, not to inorganic matter but solely to the members of 
organic being!'122 

More extensively, in the Kritik der Urteilskra.ft (1790), Kant elaborated his 
estimation of Blumenbach's important contribution: "He makes organic 
substance the starting point for physical explanation of these formations. 
For to suppose that crude matter, obeying mechanical laws, was originally 
its own architect, that life could have sprung up from the nature of what 
is void of life, and matter have spontaneously adopted the form of a self
maintaining finality, he jusdy declares to be contrary to reason.m23 This was 
the essential postulate to which Kant had committed himself in his second 
essay on race (1785), and the stakes were not small: without some fixity in 
the power of generation (Zeugungskrajt), the prospect of the scientific recon
struction of the connection between current and originating species would 
be altogether dim.124 Yet it was not simply a methodological issue, however 
dire. There was also an essential metaphysical component. All organic form 
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This passage in the Kritik der Urteilskra.ft makes the distinction between 
formative force and formative drive prominent, but I submit that the dis

tinction of a formative drive creates problems within Kant's system.135 What 
is problematic is twofold. First, Kant suggests that the formative forces (of 
general, physical nature) constrain the formative drive in organized life

forms. This is a plausible scientific claim in itself, but it goes against the 

metaphysical thrust of his whole argument, which is to suggest that organ
isms as natural purposes urge us toward the notion that there is a larger 
purpose in nature as a whole that constrains the physical order (a "super

sensible substrate").136 Some commentators on this key passage have been 
so motivated by this larger concern that they have inverted the relation in 
Kant's text. Second, it is not clear how the notion of"drive" ('1rieb) fits in his 

philosophy: in what measure is it really different conceptually from "force" 
(Krajt)? Are they not equally "inscrutable;' or is there a supplementary in
scrutability about life-forces? In a word, what is the ontological status of im
manent purposiveness in Kant's transcendental philosophy? This is a cardinal 
question, but it has more to do with Kant than with Blumenbach. 

Most pertinently in regard to the latter, it is not clear that Blumenbach 
ever considered his formative drive merely a regulative idea, not a con
stitutive force in nature. Blumenbach and his school understood the Bil
dungstrieb as actual, not speculative. Their project was to specify its effects 

through the mechanisms (Bildungskriijte) it set in motion. Kant's regulative/ 
constitutive distinction proved useless for them in that pursuit, though it 
gave them some metaphysical comfort, especially given the thinness of their 
analogy to the Newtonian mysteriousness of gravity. Blumenbach, to be 
sure, found Kant's suggestion that he brought teleological and mechanical 

explanations together in his scientific practice quite pleasing, but it is not 
clear that he understood Kant's painstaking argument for their radically dif
ferent roles in scientific explanation. In short, Blumenbach's affiliation with 
Kant is best understood as a misunderstanding-though an influential one 
in the constitution of biology as a discipline in the succeeding decades.137 

There is no doubt that the life scientists of Blumenbach's day reached out 
to Kantian philosophy as legitimation of their methodology.138 They sought 
to evade both mechanistic materialism and animistic vitalism, construing 
themselves securely within Kant's "Newtonian" paradigm. But this Kant
ianism was more a convenient ploy than an epistemological commitment. 
There is perhaps no more widely accepted historical finding about life sci
entists in Germany in the 1790s-even, or especially, when they invoked 

Kantian critical terms-than that they slid one and all from a strictly regula-
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tive into an unmistakably constitutive use of natural teleology.139 This was 
indeed an inevitable consequence of their commitment to the empirical prac
tice of a life science, which Kant's philosophy in fact proscribed. 

Indeed, as both Robert Richards and Frederick Beiser recognize, these 
life scientists were closer in many ways to Kant's disparaged former student 

Johann Gottfried Herder than they were to Kant.140 It was Herder, not Kant, 

who offered avenues toward synthesis-perilous as well as inspiring-to 
shape the natural science of the epoch 1790-1820.141 Major theorists of 
natural science in that era could hold Kant and Herder both in high es

teem.142 If that is true, then there was something historically misguided 
about Kant's effort to exclude Herder's views from authentic science. Kant's 
method and Herder's manner were decisive conjointly in constituting the 

scientific imagination of the age.143 And that can be grasped, historically, 
only as a defeat of Kant's program. What was most innovative in Herder's 
uptake of Spinoza (vital materialist monism) emerged clearly in and through 
Kant's own boundary work and helped constitute the culture of science of 
the turn of the century. Goethe found even Kant himself in the Kritik der 
Urteilskra.ft equivocating between constitutive and regulative uses of teleol
ogy.144 Kant's own effort to understand specific organisms under the regu-

" lative rubric simply created more problems than it solved, and at the very 
least made it necessary to resort to the idea of the teleology of nature as a 
whole.I45 If Kant could not hold this line, it can hardly be surprising when 
the leading naturalists of his day, even in invoking his theory, found it im
possible in practice to observe it. 

What role did Kant play? Christoph Girtanner's Uber das Kantische Prinzip 
for die Naturgeschichte (1796) offers a very useful vantage for assessing how 
Kant was understood by Blumenbach and the German naturalists of the 

1790s.146 The essential point was Kant's new research program for Naturge
schichte.147 It would ask, in Girtanner's words, "what the primal form of each 
ancestral species of animals and plants originally consisted of, and how the 
species gradually devolved from their ancestral species.m48 It would ex
plore and explain how environmental changes on the earth- indeed "vio-

' lent revolutions in nature"-occasioned dramatic changes in life-forms. Yet 
however dramatic, these were not chaotic changes; rather, the variation in 
observed traits in current species emerged always under the guidance of 
a "natural law" requiring that "in all of organic creation, species remain 
unaltered.''149 Kant's great achievement, in Girtanner's eyes, was his con
nection of this law to a more determinate "natural law" (proposed by Buf
fon) to explain this process: namely, that "all animals or plants that produce 
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fertile offspring belong to the same physical [i.e., real] species," notwith
standing considerable variation in observed traits.150 That is, these organ
isms must have "derived from one and the same stem [Stamme].m51 While 
there could be hereditary variations (Abartungen) within the confines of the 
governing stem, there could not be "degenerations" (Ausartungen), that is, 
permanently heritable departures from the fundamental traits of the ances
tral stem.152 Races constituted decisive evidence for this theory, because their 
crosses always showed perfect proportion in the offspring: Halbschlachtig
keit (half-breeding). 

To account for these internal variations within species, Kant offered the 
view that "the ancestral stem of each species of organic life contained a 
quantity of different germs [Keime] and natural potentialities [naturliche An
lagen]."153 Girtanner followed Kant literally in identifying Keime with the 
source of changes in the parts (organs) of a life-form, while naturliche An
lagen occasioned changes only in the size or proportion of such parts. Kant 
used winter feathers in birds to exemplify the first, and thickness in the 
husk of grain to exemplify the second, and Girtanner replicated these ex
amples. To help explicate the process of variation, Girtanner turned to his 
teacher Blumenbach. It was "through different directions of the Bildungs
trieb [that] now these and now those [germs or natural potentialities] devel
oped, while the others remained inert!'154 Only climate acting on organisms 
over an extended time could educe such variation, such shifts in the "direc
tion of the Bildungstrieb;' and thus permanently alter "the primal forces 
of organic development and movement."155 Moreover, once such shifts in 
direction took place, once certain germs or natural potentialities were trig
gered into actualization, the rest atrophied and the process proved irrevers
ible.156 This claim represented one of Kant's decisive interventions, separat
ing him sharply from Buffon, for example.157 

Girtanner was acutely aware of the way in which Kant's "natural history" 
interpenetrated with his theory of organic form. Not only did Kant require 
a specific theory of generic transmission, but he needed a theory of organic 
life in which to cast it. The only form of generation that had been empiri
cally observed, Girtanner parroted Kant, was generatio homonyma (Abartung), 
the persistence of species, though generatio heteronyma (Ausartung) was 
not impossible (against reason) but only unheard of (against experience). 
The essential point was that these both contrasted with generatio aequivoca 
(spontaneous generation). "That by mechanism organized beings should 
emerge from unorganized matter . . .  contradicts reason as well as experi
ence.mss That is, "it contradicts all known laws of experience that matter 
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which is not organized should have by itself, without the intervention of 
other, organized matter, organized itself.''I59 Antihylozoism, then, was the es

sential posit of Kant's theory of organic form. Girtanner stressed Kant's idea 
of organism: not only was it "not a machine" in consequence of the mu
tuality of cause and effect, of parts and whole, but neither was it fully the 
"analogue of art," for "organized Nature organizes itself.''160 Because life
forms showed characteristics-reproduction, growth through nourishment 
and assimilation, regeneration of lost organs and self-healing generally
that could not be assimilated to the mechanistic model of natural science, 
they represented anomalies requiring recourse to teleological judgment, the 
analogy of "purposiveness.'' 

If Girtanner replicated Kant's presentation of the perplexity of natural 
purpose, he did nothing to advance its resolution. On the other hand, he 
clearly did not find the regulative/ constitutive distinction of any use in the 
science he proposed to elaborate. Girtanner understood Blumenbach's Bil
dungstrieb not as a regulative ideal type but as an actuality in the physical. 
world -namely, "that force by virtue of which the chemical and physical 
laws are subordinated under the laws of organization.'n61 Yet by clinging to 
the antihylozoism and species essentialism Kant and Blumenbach shared, 
Girtanner, publishing in 1796, in fact missed the decisive shift of the new 
generation toward a fully historicized natural history, transformism. 

B L U M E N B A C H ' S  " G O T T I N G E N  S C H O O L " : A 

P A L E O N T O L O G I C A L R E I N T E R P R E TA T I O N  

Crucial for the generation of the 1790s at Gottingen, I suggest, was Blumen
bach's specific interest in the historicization of nature. Paleontology, as it 
was reflected in the problem of extinctions and geological "revolutions;' 
had become a central research interest of Blumenbach's by the 1790s. He 
had amassed one of the largest collections of fossils in Europe, and he was 
beginning the crucial process of correlating geological strata with organic 
life-forms in a historical sequencing. That was profoundly important to his 
key students-Heinrich Friedrich Link (1767- 1851), Alexander von Hum
boldt (1769- 1859), Ernst von Schlotheim (1764-1832), and Gottfried Rein
hold Treviranus (1776-1837). They were among the first in Germany to opt 
for an explicitly "transformist" (evolutionary, in the modern sense) theory 
of life. They steeped themselves in historical geology in order to undertake 
historical life science. It is no coincidence that Humboldt and Schlotheim 
chose to continue their studies at the Freiberg School of Mines with the 
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great geologist Abraham Gottlob Werner.162 One of Link's first publications 
was on mineralogy. Treviranus would make this the centerpiece of his six
volume conspectus of the emergent science. By 18oo, through the influence 
of Gottingen and specifically of Blumenbach, the historical reconstruction 
of life-forms in terms of geological change had become a widely accepted 
research program in German life science. One can even wonder whether 
the infusion of Blumenbach students into the Freiberg research community 
might not have played some role in its later inflection toward Flotzgebirge 
and fossils, away from its earlier, virtually exclusive concern with primary 
formations (Ganggebirge) and mineralogy. 

The core exemplar of this historicizing turn of the "Gottingen School" 
was Treviranus. Until very recently, the only commentators interested in 
Treviranus were local historians of his hometown of Bremen.163 His place 
as one of the notable propagators of the term "biology" around 1800 earned 
at most a mention in the wider histories of life science; his six-volume study 
was dutifully listed in bibliographies, but its content and its place in the 
epoch were passed over largely in silence. Treviranus was typically consid
ered yet another Naturphilosoph, with all the dismissal that entailed. A first 
effort to take Treviranus seriously in mainstream history of science came 
with an essay by Brigitte Hoppe in 1971, in the context of a colloquium on 
his contemporary, Lamarck.164 Timothy Lenoir highlighted Treviranus in 
one of his essays on teleomechanism and the Gottingen School.165 But then 
even his interest faded. Not until around 1990 did two substantial disserta
tions attempt a fuller consideration of Treviranus's work and impact.166 I 
will build on their contribution to situate Treviranus at the core of the crys
tallization of life science in the Germany of his time.167 

In his curriculum vitae, composed at the close of his course of studies 
in Gottingen in 1796, Treviranus recognized that he would need to make 
a career as a practicing physician and only "utilize my leisure time for the 
promotion of physiology.'n68 As Trevor DeJager aptly puts it, "Treviranus 
travelled the road of Wissenschaft, even while he had to earn a living from 
his medical practice.'1169 Thus, although he set about composing his massive 
monograph, Biologic, immediately upon receiving his degree at Gottingen, it 
would be eight years before the first volume was completed and published, 
and it would take him twenty years more to bring the full conception to 
completion.170 To be sure, Treviranus was able to make a research trip to 
Paris in 1810 to meet and work with Cuvier and others, but there was noth
ing approaching institutional security and support for his research project. 

Treviranus was the eldest of a number of children of a struggling Bre-
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men businessman.171 From early in his childhood he evinced a strong 
interest in natural science and especially mathematics, and in 1793, at the 

age of seventeen, his academic merit earned him admittance to the premier 
university in Germany, Gottingen.172 That was not only the best university 
in Germany but also quite expensive for students, and Treviranus needed to 
work as a tutor for most of his years of study there, just to get by. The over
exertion led to his first bout with tuberculosis in 1794.173 Nevertheless, he 
made great academic strides. Already in 1794 he read a paper on the history 
of mathematics to the Societas Physica Goettingensis and won admission 
to that prestigious group.174 The aged but eminent mathematician Abra
ham Gotthelf Kaestner prized the young student and would eventually offer 
hini a teaching position in the field.175 He studied not only with Kaestner 
in mathematics but with Friedrich Bouterwek (1766-1828) in philosophy 
(a course on Kant's philosophy of science in winter semester 1793/94).176 

Though mathematics was his first love, Treviranus needed to be eminendy 
practical, as his father urged, and he determined to earn a medical degree 
and take up private practice to contribute to his struggling family's upkeep . •  
He concentrated his practical training under the eminent clinician August 
Gottlieb Richter (q66-1812) for his future career's sake.177 Intellectually, his 
ultimate inspiration was Blumenbach.178 He also took a very serious interest 
in the experiments with infusorians of Heinrich August Wrisberg. Trevira
nus resolved to devote his intellectual energies for the balance of his life 
to the project of life science, though only as he could squeeze out the time 
from earning a living for himself and his extended family.179 Already as a 
dissertation student, he published a paper inJohann Christian Reil's (1759-
1813) distinguished journal, Archiv for die Physiologie: the first essay not by 
Reil himself to appear in the journal.180 Reil's interest in the student's work 
can be connected not only to the content of the essay but perhaps even more 
to Treviranus's vision of the state of the field and its needs. He wrote: "our 
entire medical art can only achieve a scientific form [Durchbildung] with the 
help of a sound physiology, which in that position would prepare a path of 
certainty for practical medicine!'181 That was precisely Reil's vision. Trevi
ranus's dissertation was reviewed in the scholarly literature with favor as 
well.182 His should have been a prominent academic career, but he could 
not afford it. His father pressed him to come home at once and take up pri
vate practice to help support the family, and he returned to Bremen as soon 
as he had completed his degree, in October 1796.I83 

It helped him when his brother, who earned a medical degree at the Uni
versity of Jena in 1802, returned to Bremen and joined him in his practice 
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and in his studies. Ludolph Christian Treviranus (1779-1864) was a spe
cialist in botany and an ardent follower of Schelling's Naturphilosophie.184 
When the wealthy parents of Gottfried's new wife passed away and left 
her a considerable inheritance, he was able to leave the bulk of the clini
cal work to his brother and devote himself to research.185 As a result, the 
first three volumes of Biologie appeared in 1802, 1803, and 1805. But then 
political and economic turmoil (the Napoleonic invasions) and illness beset 
him again, and it would be more than a decade before he could publish the 
next volume.186 

Thus, it is the first three volumes of Biologie that will concern us in terms 
of establishing the research field of the time.187 Volume 1 was a general 
theoretical overview; volume 2 offered a major contribution in what we 
would now call biogeography; and volume 3 offered a clearly "transform
ist'' (or, in our sense, evolutionary) statement on paleontology and historical 
development of species. Each volume, then, achieved important progress 
toward the consolidation of the Fachgebiet. Only with great injustice can this 
work be dismissed as a "prospectus."18B 

The first volume presented a considered effort to conceptualize life as 
a natural-scientific problem, taking up the debates then current about "vi
tal forces." It also took on Kant not only epistemologically but also sub
stantively, proposing an alternative theory of the physical forces Kant 
had elaborated in his Metaphysische Anfangsgriinde and using these to con
ceive a developmental hierarchy of forces integrating the inorganic with 
the organic realm. Treviranus strove for an approach to development and 
evolution that took ecological factors as central. For him, the essence of 
life was self-preservation in interaction with a changing and challenging 
environment.189 

In an effort to distinguish Treviranus's thinking from speculative Natur
philosophie, scholars have attempted to assimilate him to Kantianism.I90 De
Jager makes a very effective case that this cannot work. To be sure, from the 
beginning Treviranus had to come to terms with Kant. But the upshot was 
that he substantially rejected or revised many of the crucial Kantian claims 
in both method and substance regarding natural science in general and life 
science specifically. As DeJager correctly claims, "Kant actually eliminates 
the possibility of any true novelty to emerge in nature!'191 Life was an im
penetrable mystery: ''As far as Kant was concerned, nature has no creative 
capacity when it comes to the production of living beings.m92 By contrast, 
Treviranus shared the fundamental intuition of his age that "nothing in 
nature is fixed and permanent . . . .  One phenomenon is transformed into 
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another by changes in the balance of forces."193 Thus, for him, "[n]ature 
could only be constructed as a system if it were understood historically!1194 

DeJager summarizes the sense of the Fachgebiet around 18oo: "The Natur
Jorscher were now being called upon to investigate the process of nature, the 
course of change itself.m95 Hence, "a history of the living world was only 
possible if one were prepared to drop Kant's restrictions!'196 

Treviranus devoted himself to the enterprise of a real developmental his
tory of nature, "the problem of reconstructing the course of nature through 
time.m97 In the second volume of Biologie, Treviranus wrote: "Any investi

gation into the influence of nature as a whole on the living world must 
begin with the principle that all living forms are the products of physical 
influence, occurring now in time, changing only in degree or duration.m98 

This was a methodological affirmation of "actualism;' but it was also a theo
retical commitment to physicalism and to evolution. He shared the con
viction of Kant, Blumenbach, and the entire research community that life
forces were irreducible to the mechanical laws of physics.199 But he rejected 
the view articulated by Kant and affirmed in a measure by Blumenbach that 
there was an utter discontinuity between the inorganic and the organic. 
Above all, Treviranus would have nothing to do with Kant's regulative/con
stitutive distinction and its implications for the scientific status of research 
into organic forms.200 Thus, he found less of interest in Kant's Kritik der Ur
teilskraft than in his Metaphysische Anfongsgriinde der Naturwissenschaft, and 
less of interest in the latter work's stipulations about "proper" science than 
in its "dynamic physics" of forces.201 His originating query was, in Dejager's 
terms, "is there a single fundamental force in nature of which all the various 
forces, which are assigned different names, are simply modifications;' and 
then, "what is the cause of their modification into distinct forces?"202 He 
never accepted Kant's view that there could be no natural science of organic 
forms. In particular, he rejected Kant's views on spontaneous generation.203 

The second volume elaborated this ecological frame by developing ex
tensively and seminally the ideas of biogeography that had been initiated 
by Buffon and especially by E. A. W. Zimmermann.204 As DeJager aptly puts 

it, a theory that would construe the development of life-forms in terms of 
geological changes must begin by relating the current life-forms to their en
vironmental niches. That was a prospect that Buffon had already contem
plated, especially in his theories of animal migrations caused by changes 
in climate, but it was developed in a far more complete and complex form 
by the noted naturalist Zimmermann in works published at the end of the 
177os.205 Treviranus was the most thorough assimilator of Zimmermann's 

sd 
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initiatives in the development of a general biogeography.206 Together, they 
are regarded as founders of the field. 

The third volume proved beyond question the prominence and thor
oughness of a "transformist" approach to the history of nature in German 
natural science around 1800.207 Having studied the literature on inverte
brates and conducted considerable research of his own on infusorians and 
the life-forms in the gray zone between plants and animals, Treviranus 
argued that these simpler organisms arose first in geological time, that they 
were far more immediately responsive to environmental changes, and that 
all more complex organisms evolved from these over the course of geologi
cal time: "not, as is usually assumed, that it was great catastrophes of the 
earth that extinguished the animals of ancient times, but rather that many 
of these survived and that they have vanished from current nature because 
the species to which they belonged completed the circuit of their being 
and have transformed into other species [in andere Gattungen ubergegangen 
sind].mos It was his view that "the succession of fossils in the strata of rocks 
of different ages demonstrates clearly the relation that exists between the 
organisms that underwent transformations and the lawfully regulated de
velopment of these changes!'209 

Ernst Mayr famously dismissed Treviranus (among others) for offer
ing only a "prospectus" for the science of biology, which had to await the 
"modern synthesis" to achieve realization. But instead of reading Trevi
ranus as the anticipation of something long in the future, the balance of 
this study will consider him as the summation of a far more compelling 
project of consolidation of the Fachgebiet. That means we have to consider 
the lineage from Blumenbach through Carl Friedrich Kielmeyer, Johann 
Wolfgang von Goethe, and Friedrich Schelling and the long-despised con
text of Idealist Naturphilosophie. 
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Carl Friedrich Kielmeyer and "an 
Entirely New Epoch of Natural History" 

Without a doubt future ages will date . . .  the Address of Professor Kiel

meyer . . .  already in the year 1793 • • •  as the onset of an entirely new epoch 

of natural history. 

S C H E L L I N G , 1 7981 

In many ways, force was the concept that animated revision in the natural 
philosophy of the eighteenth century.2 While new forces in physics-such 
as gravity, electricity, magnetism-became objects of intensifying experi
mental and theoretical inquiry, so did new forces in chemistry: heat, affin
ity, eventually oxidation.3 These supplemented-and could not be reduced to
particulate mass or the physical forces. In the same way, by the end of the 
eighteenth century, "it was felt necessary to distinguish a concept of force 
that applied for organic nature alone.''4 The critical frontier between the 
physical sciences and medical physiology was open-ended in both direc
tions.5 Thus, the research problem which galvanized experimental phys

iology was what Brigitte Lohff has charmingly called "a banquet of vital 
forces.''6 That banquet first served up Hailer's two forces of irritability and 

sensibility in 1753.7 Then it presented Caspar Friedrich Wolff's vis essentialis 
in 1759 and Blumenbach's nisus formativus or Bildungstrieb in 1781.8 A few 
years later Blumenbach elaborated five vital forces in his widely influential 

lnstitutiones Physiologiae (Institutes of physiology; 1787).9 In 1793 Carl Fried
rich Kielmeyer (1765-1844) worked these up into another complex menu 
that, in my view, proved decisive for the gestation of biology.10 The genera

tion of the 1790s would struggle to digest the ensemble.11 Vital forces con
stituted the basis for the autonomy of biology, as Gottfried Reinhold Trevi
ranus asserted in adopting the term in 1802.12 

To reconstruct the development of this ''banquet of forces;' a useful point 
of entry is with the first text to use the crucial term Lebenskraft as its title, 
Friedrich Casimir Medicus's lecture of 1774, Von der Lebenskraft. His aim was 
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to trace the leading figures and issues in German life science up to his mo
ment and articulate where the frontier of debate stood in their wake. Nota
bly, there appears to be a striking omission (at least overtly) in his catalog 
of relevant figures and ideas: namely, Caspar Friedrich Wolff and his notion 
of vis essentialis. That will demand reflection. Very early we tumble upon a 
pervasive anxiety that runs through Medicus's remarks: his concern with 
"materialists." Medicus constantly sought to rebut "our contemporary mate
rialists."13 But who were they? He mentioned no names. Now, Medicus was 
writing in 177 4, and the most salient articulation of materialism in that mo
ment was unquestionably Baron d'Holbach's System of Nature (1770 ), which 
occasioned a huge stir all over Europe and notably in Germany.14 Yet ma
terialism was no sudden intrusion. French materialism made substantial 
inroads into Germany earlier in the century, as we have established. It car
ried from La Mettrie, Buffon, Diderot, and Maupertuis through the Berlin 
Academy to the work of Caspar Friedrich Wolff. Medicus, I suggest, gives 
evidence of the persistence of that challenge in German life science into the 
1770s. Thus, the suspicion arises that the absence of Wolff from Medicus's 
consideration may be linked to his aspersions against "materialists.ms If so, 
Medicus both underestimated the serviceability ofWolff's vis essentialis for 
the sort of argument that he wanted to make and yet, perhaps, showed a 
telling sensitivity to the potentially "materialist" implications of his work. 
Wolff was assuredly no materialist. He was simply a naturalist, an empirical 
scientist of the physical world, for whom transcendent interventions were 
not relevant, yet for an age and culture still anxious about its pieties, this 
could seem quite "materialist!' 

In any event, clearly Medicus wanted to dispute the unnamed "material
ists." He insisted that since matter was essentially inert, it could by defini
tion have no intrinsic force or capacity for self-movement.I6 The fundamen
tal error of the "materialists;' he claimed, was to ascribe activity to matter 
in itself. "The clever constructions of the materialists collapse in the face 
of this one principle, the inertness of matter!'17 Moreover, it would not do 
to salvage this idea of self-movement for some matter by adding the mod
ifier "organized," Medicus went on. An organized body-that is, a living 
organism-was "an artificial configuration of matter," producing "harmony 
and balance" by a regulated relation among the parts.18 But this regulation 
could not come from the material itself. "Organization accordingly provides 
the body with no force!'19 A dead body, Medicus argued, had all the organic 
matter, but none of the life. That required something additional, and this 
was the decisive consideration. 



" A N  E N T I R E L Y  N E W  E P O C H  O F  N A T U R A L  H I S T O R Y "  247 

Taking up human nature, Medicus rolled out all the doctrines of the 
Leibniz-Wolff school. The soul was essentially thought and will. "The soul 

is a simple substance[,] . • .  immortal and self-conscious . . . .  It cannot be 
material. For from inert matter no thinking substance can arise."20 Some of 
�our contemporary philosophers" suggested that "humans have a rational 

soul, while animals have a sensible [sinnlich-empfindende] soul."21 For Medi

cus, this was not quite plausible. Given the definition of soul, there seemed 
to him a clear contradiction in the idea of an animal soul. He acknowledged 
that animals appeared to sense and to feel, but that did not suffice for the 

term soul, in his view. This became clearer as he turned to the perennial 
issue of mind-body interaction. "Philosophical physicians" were divided in 
how to deal with this issue, he explained.22 One school wished to hold the 

soul thoroughly capable of causing all the motions of the body, voluntary 

and involuntary. This was Stahl's position, and it had been revived, Medi
cus noted, by Sauvage in Montpellier and Whytt in Edinburgh. The other 

school favored interpretation according to strictly mechanical laws. Medi

cus referred in this context to Friedrich Hoffmann and Herman Boerhaave. 
According to Medicus, this school abjured "metaphysics" and professed 
contentment with "hydraulic, hydrostatic, mechanical laws."23 Then Hailer, 

Boerhaave's student, muddied the waters. He proposed an intrinsic force 
in (muscular) matter, Reizbarkeit, thus reopening the door, Medicus would 
seem to be suggesting, to the "materialist" error. 

Medicus argued that Stahl's position should not be taken lightly. The 
latter had understood properly the significance of the inertness of matter. 

But he then overextended the notion of soul to save the phenomena. Soul, 
Medicus repeated, was simply thinking and willing. That was irreconcil
able with involuntary processes. Soul essentially required volition and self

conscious agency, yet most life processes (die Geschiifte des Le bens) took place 
involuntarily. That was the strong point of Boerhaave's alternative notion of 
a Lebensgeist mechanically propagated via the nerves. While there remained 

. problems in the physiology of nervous tissue and the transmission of ner
vous force (Medicus appears to have been unfamiliar with Unzer's crucial 

work of 1771), this approach seemed superior, in his view, to Hailer's no

tion of an irritability intrinsic to muscle tissue. As far as Medicus could see 

things, muscular motion was incited by nerve action.24 
If matter was inert, what made it move? "Unbiased men in recent times 

have . . .  proclaim[ed] that the life processes cannot be explained by either 
physical or mechanical laws."25 Medicus posited that divine agency ulti
mately accounted for all motion, but he still sought the instrumentality of 
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this divine intervention.26 The Stahlians, again, seemed closer to the point: 
"a simple substance that is not material [is required] to enliven and move 

organic matter!'27 Since by definition the soul could not serve this role, Me
dicus concluded (here was his "innovation") there had to be another im
material substance/force that could do it, an "enlivening force [belebende 
Kraft]i' or Lebenskraft, the Triebfeder (driving impetus) of organic life.28 

Adding this second immaterial force to the account of human (and all 
organic) nature required differentiating it from the soul. This Medicus did 
by three distinctions. The soul's demands on the body induced discernible 

resistance and weariness; those of the Lebenskraft did not. The soul had to 
learn its functions and develop its skills in order to perform them aptly; 

Lebenskraft was immediately efficacious. Finally, all the actions of the soul 

were self-conscious, whereas none of the actions of the Lebenskraft were 
conscious at all.29 Medicus recognized that his conception had some affini
ties to the notion of "innate capacity [angeborene Fertigkeit]i' or instinct, as 

developed in the work of Reimarus. Indeed, Kunsttrieb seemed to Medicus 
to be a very good analogue of his notion.30 By contrast, "animal soul" did 

not. Thus, he was very happy to recognize a recent, major achievement in 
"metaphysics;' Herder's Abhandlung iiber den Ursprung der Sprache (Treatise 
on the origin of language; 1772), which established beyond doubt, in Me

dicus's view, that only humans had language and the thought it expressed; 

hence, animals could have no soul because they could have no thought.31 
This demolished all efforts to imagine apes with linguistic capabilities, Me
dicus noted, and it made absurd Linnaeus's inclusion of apes with humans 
in the same taxonomical order.32 While there was a measure of blur at the 
boundary between plants and animals, he averred, there could be none 

at the boundary between humans and animals.33 And that, he concluded, 

should put the "materialists" out of business. 
What Medicus believed he could resolve with a few dogmatic fiats and 

his simple inference to a new immaterial force in organisms proved the 
subject of earnest philosophical struggles, based on the empirical evidence 
of neurology and psychology, by figures like Herder and Tetens over the 

balance of the 1770s. Moreover, it would come under a priori scrutiny in 

Kant's transcendental philosophy, as he worked it out from the Kritik der 
reinen Vernunft in 1781 to the Kritik der Urteilskraft in 1790. These philoso
phers all understood far more profoundly than Medicus the enormity of the 
issues he believed he could resolve offhand. Similarly, medical anthropolo
gists like Ernst Plattner and neurophysiologists like Johann Unzer worked 
on these matters as well, trying to formulate a "physiological psychology," 
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an account of immanent teleology in human involuntary processes (with 
significant implications for wider circles of "sentient" life). 34 

The essential step within the life sciences themselves came with Blumen
bach's articulation of the notion of a Bildungstrieb. His ambition was to dis
place the preformation theory propounded by his great model, Hailer, in 
the direction of epigenesis, but what he in fact triggered was a far more 
fundamental revisionism regarding Hailer's most important idea, irrita
bility, itself. Stephane Schmitt has offered us a very useful rubric for con
ceptualizing this. He writes of the "dismemberment" of Hailer's irritability 
into a proliferation of life-forces across the later eighteenth century.35 Jorg 
Jantzen, Brigitte Lohff, and Eve-Marie Engels have also offered penetrat
ing reconstructions of the burgeoning discourse of Lebenskraft over the later 
eighteenth century.36 What marked this proliferating discourse was plu
ralization of life-forces. Yet, as Lohff perceptively notes, this was all really 
for the sake of retrieving a unified sense of the organism in the wake of 
Hailer's all-too-dualistic formulation of irritability and sensibility.37 In that 
light, Blumenbach's notion of the Bildungstrieb provided many integrating 
dimensions, to be sure; he believed it encompassed not only generation but 
also nutrition and regeneration, yet this was still not enough to integrate all 
the life-forces Blumenbach himself came to recognize. In his crucial text
book, Institutes of Physiology (1787), he in fact discriminated five life-forces. 
Moreover, for thinkers of the 1790s it would not be so much these spe
cific forces that proved most important. Rather, Bildungstrieb became the 
general term for the distinctiveness of living things, synonymous with Leb
enskraft itself, in a manner that vastly exceeded the specificity of its creator's 
intentions. 38 

Attending Blumenbach's lectures in just these years when he first pub
lished his physiological textbook, and therefore certain to have heard all 
about these five life-forces and the whole protracted debate behind them, 
a brilliant young zoologist began to conceive his own construction of the 
problem. His name was Carl Friedrich Kielmeyer. In 1798, famously, Fried
rich Schelling proclaimed that Kielmeyer "without a doubt'' has opened "an 
entirely new epoch of natural history!'39 That "new epoch;' it is my conten
tion, saw the dawn of what would be called "biology" by several key fig
ures in the very years Schelling was writing. 40 How did Kielmeyer come to 
inaugurate this new epoch? In 1799, in another key text, Schelling traced a 
filiation of ideas that led to this crucial breakthrough: "The idea of a com
parative physiology is already found in Blumenbach's Specimen phisiologiae 
comparatae inter animalia calidi et .frigidi sanguinis, and further explicated in 
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the discourse on the relations of the organic forces by Mr. Kielmeyer, whose 

major idea is taken from Herder's Ideas for the Philosophy of the History of 
Humanity, first part, pp. 117-126; namely, that in the series of organisms, 
sensibility is displaced by irritability, and as Blumenbach and Sommerring 
have proven, by the force of reproduction!'41 While I will reserve to a later 

chapter the consideration of Schelling himself, this historical reconstruc

tion must occupy us here. Like Schelling, our historical point of departure 
must be Blumenbach (and, behind him, Hailer) but, like Schelling again, the 

supplement we will consider, in construing Kielmeyer and his legacy, will 
be Herder. 

C A R L  F R I E D R I C H  K I E L M E Y E R ' S 

" S Y S T E M  P R O G RA M  O F  B I O L O G Y "  

In one of the most important passages in his Ideen zur Philosophie der Ge

schichte der Menschheit (Ideas for a philosophy of the history of mankind), 
Johann Gottfried Herder suggested that a skilled life scientist might develop 
the full potential of the idea of epigenesis for a comprehensive-genetic as 

well as organic-theory of life on earth: 

Who would not be delighted should a philosophical anatomist [philosophischer 

Zergliederer] undertake a comparative physiology of several animals, particu

larly those close to man, in order to provide in accordance with this empirical 

experience the distinctive and definitive [vestgestellten] forces in relation to the 

whole organization of the creature? Nature presents us with her work: from the 

exterior in disguised form [verhiillte Gestalt], a covered-over relation of inner 

forces [Behiiltnis innerer Kriifte]. We perceive its mode of life; we infer from the 

physiognomy of its face and from the relation of its parts perhaps something 

of what takes place inside; but it is there on the inside that the mechanisms 

[Werkzeuge] and the masses of organic forces themselves are laid before us, and 

the closer to man, the more we have a basis for comparison. I dare, though I 

am no anatomist, to draw a few examples from the observations of great anato

mists: they prepare us for the structure [Bau] and for the physiological nature 

of man.42 

In many ways, Kielmeyer can be taken to have fashioned his life's work in 
answer to this Herderian call. 43 Herder was a decisive inspiration for Kiel
meyer's project, as thinkers from his own time to ours have stressed. We 
have evidence that Herder himself noted this with satisfaction. 44 Schelling 
was perhaps the first to point out the connection. 45 Hegel and Schopen
hauer, too, saw this lineage. 46 In recent scholarship, it has been taken up 
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by Owsei Temkin, William Coleman, Wolfgang Pross, and Thomas Bach. 47 
While it is not clear exacdy when Kielmeyer absorbed Herder's work, it is 

well known diat Jacob Friedrich Abel (1751-1829) at die Karlsschule was 
very enthusiastic about Herder's program for physiological psychology and 
also for his grand natural history of the human understanding, and Abel 
propagated diese ideas in his philosophy courses in die mid-178os.48 It is 

likely that die uptake of Herder's Ideen was also one of die features of die 
milieu at Gottingen from 1786 to 1788, when Kielmeyer studied there with 
Blumenbach, among others.49 

One of die central historical considerations of this study has been die 
self-formation of naturalists-that is, how they identified themselves and 
their projects. That illuminates the differentiation of research life science 
from medical practice. Like Hailer, Blumenbach, and C.  F. Wolff before 
him, Kielmeyer fits this model precisely. In the words of the scholar who 
has done the most to advance .Kielmeyer studies, Kai Torsten Kanz, "Kiel
meyer . • .  was, to be sure, a trained doctor, but he never practiced medicine, 
devoting himself entirely rather to zoological (and chemical) research."50 
Such dedication to natural-history research was still quite unusual: "taking 
up natural history in those days was for most merely a 'hobby,' since very 
few could earn a living by it."51 

There are two historical-biographical questions from which we must, 
then, take our point of departure. First, how did Kielmeyer come to this 
self-conception and project, and second, integrally related, what were his 
sources and resources? If Herder inspired Kielmeyer, it does not follow that 
it was Herder alone or even preponderandy who created the matrix of ideas 

for Kielmeyer's science. We clearly need "a reconstruction of Kielmeyer's re
search matrix."52 Kielmeyer was not generous in his citations; Kanz could 
say only that he drew on "a number of the best sources."53 Here, some cru
cial names besides Herder are Hailer, Wolff, Blumenbach, E. A. W. Zim
mermann, Tetens, and Kant. Kielmeyer's theory of organic forces caught up 
the essential impetus of the life sciences since Hailer, influenced not only 
by physiologists like Wolff and Blumenbach but also by two crucial philo
sophical constructions of this work, by Tetens and Herder. 54 From Tetens 

came the impetus to focus on the relation of vital forces, especially the two 
crucial ones Hailer had introduced-irritability and sensibility. As Bach re
constructs it, Herder added three things: first, that more forces needed to 
be identified; second, that nonetheless all these forces were the expression 
of a single ultimate force; and, finally, that in their expression these forces 
fell under a sort of "law of compensation"-that is, proliferation of any one 
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came at the expense of a reduction in some or all of the others. 55 Kielmeyer 
brought these philosophical reflections back into an empirical context with 

an explicit set of hypotheses, above all an explicit "law of compensation" for 
the "animal economy;' both in individual organisms and across the whole 
living world. 56 

Kielmeyer proved extremely chary of publishing his ideas. The result is 

that for the most part we have to work from student lecture notes still pre
served in archival form as well as from a staggering plagiarism whereby 

one of Kielmeyer's courses from 1807 was published by a mid-nineteenth

century author as his own work. 57 Kanz has been the major bibliographer 
of Kielmeyer. He stresses two points: a vast amount of material from Kiel
meyer remains in archives, without a critical edition; and most of the sec

ondary literature simply regurgitates the points made by earlier scholarship. 
He adds a third observation: Kielmeyer appears never to have sustained the 
interest of scholars; he is always taken up as a way station to a different re

search goal. 58 This study cannot escape most of these quandaries, but it will 
attempt, at least, to make the case for Kielmeyer's centrality in the emer
gence of German biology. 

His training paved the way to this status. Instruction in the natural 

sciences was in fact better at the Karlsschule in Stuttgart than at many uni

versities in the German lands because the prime motivation for its crea

tion was to promote economic life and practical application in the duchy. 59 
That is, "occupational connections, the closeness to questions of active life, 
differentiated the school from the universities!'60 Kielmeyer's father was a 

forestry official in the ducal government, and Kielmeyer's initial admission 
to the Karlsschule envisioned him following in his father's footsteps. But 

Kielmeyer gradually distinguished himself in natural science and earned a 

medical degree, the "practical" professional credential appropriate in such 
a Karlsschule education. 

Philosophy also had an important place at the Karlsschule, above all 
in the teachings of Abel, "the primary definer of philosophy at the Karls
schule."61 In his "Philosophy of Common Sense," Abel articulated sharp 

criticism of aspects of Kantian philosophy. 62 Moreover, Abel's orientation 

to the question of psychology stressed the physiological, as revealed in the 
various dissertations that Friedrich Schiller composed, primarily under 
his direction. 63 Schiller's effort to go beyond Hailer got him in trouble, we 
know, but it was not idiosyncratic insouciance that motivated his effort; 
Schiller was working toward physiological psychology: a naturalist, if not a 
materialist, theory of the relation of mind and brain, something both fertile 
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for the development of life science in the balance of the century and anath
ema to the Kantian "critical" philosophy he would later come to embrace. 64 

Instruction in natural history was part of the curriculum from the Karls
schule's inception in the early 1770s. The appointment of Karl Heinrich 
Kostlin (1756 -83) to the first chair in natural history in 1780 placed the 
Karlsschule in a very small company of institutions of higher learning: 

it was only the sixth institution in the Germanies to create a chair in the 
field.65 In his natural-history courses, Kostlin used Linnaeus as his textbook 
for botany and the second edition (1782) of Blumenbach's natural-history 
handbook for zoology. 66 He brought the latest work in life science into his 
classes, threw in ideas of his own, and presented it all with such liveliness 
that it inspired students to take up the field. 67 "His influence on the young 

Car! Friedrich Kielmeyer is said to have been very great.''68 Kosdin died 
only three years into his appointment, and his chair went unfilled until Kiel
meyer himself was appointed in 1790.69 Yet Kosdin's three years sufficed to 
inspire Kielmeyer and leave a legacy that was strong enough for Georges 
Cuvier and Christoph Heinrich Pfaff later to create a student association 
for natural-historical research, though neither experienced the teaching of 
KOstlin direcdy.70 As his curriculum vitae suggests, Kielmeyer soaked up as 
much natural science as the school offered. There was no formal instruction 
in chemistry, so he had to learn that on his own. 71 This was no minor pur
suit; it became the topic of his medical dissertation, completed in 1786, and 
he would be recognized as a leading chemist throughout his career, notably 
with his appointment to the chair in chemistry at the University of Tiibin
gen in 1796.72 At graduation from the Karlsschule in 1786, Kielmeyer had 
distinguished himself enough in his scientific pursuits to earn the permis
sion and financial support of the duke to go on to Gottingen to continue his 
studies. He observed that in contrast with his Stuttgart experience, where 
he was largely thrust upon his own resources, at Gottingen there was excel
lent support for studying natural science.73 His studies, q86-88, entailed a 
series of courses with the chemist Gmelin (a fellow Swabian), with the phys
icist Lichtenberg (who became his closest academic mentor and later referee 
in numerous job applications), and, of course, with Blumenbach. 

The central historical-biographical issue of the Gottingen years is Kiel
meyer's relation to Blumenbach. What exactly is at issue here? Clearly, 
he had studied Blumenbach's work already, and he took several courses 
with Blumenbach at Gottingen. We cannot doubt that he was fully cogni
zant of Blumenbach's contributions and importance. Evidence from his let
ters home intimated that he admired Blumenbach and saw him outside the 
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classroom on occasion, but without any established intimacy. In one letter 
to his parents, Kielmeyer characterized Blumenbach as similar to a teacher 
he knew back at the Karlsschule, only Blumenbach was "far more discrimi
nating, indeed beyond compare more discriminating [viel gescheuder,ja ganz 
ohne vergleich gescheuder]!'74 Blumenbach was, he wrote in another letter, "a 
man of outstandingly good character!' But Kielmeyer enrolled in his course 
in natural history "not foremost to learn natural history but far more in 
order to be able to make better use of the natural-history cabinet here, since 
he is the man in charge of it.1175 He already knew Blumenbach's ideas from 
Kostlin's courses at the Karlsschule; more, he had ideas of his own, and he 
was mainly interested in expanding his database. For similar reasons, Kiel
meyer went on an extended field trip through the neighboring countryside 
gathering specimens with his classmate Heinrich Friedrich Link in 1787.76 
After he finished his course work at Gottingen, Kielmeyer made a similar, 
more extended field trip across northern Germany. 

The question is really driven by Timothy Lenoir's contentions about a 
"Gottingen School" and the suggestion that Kielmeyer should be understood 
as inspired by and affiliated with the "teleomechanism" of Blumenbach and 
Kant/7 The answer to that question is unequivocal in the recent scholar
ship: no such inspiration/affiliation can be established. Dorothea Kuhn, 
Kai Torsten Kanz, and Frank Dougherty have each made a very strong case 
that Kielmeyer should not be viewed as derivative of Blumenbach and Kant, 
since his ideas were formed independently. At best, his ideas can be seen 
as consistent with, but not adopted from, their views on teleomechanism. 78 
The case has been made most aggressively by Frank Dougherty: Kielmeyer 
was of course a student of Blumenbach's, and he developed a personal ac
quaintance, but there is no evidence for any simple derivation of his ideas or 
methods from Blumenbach. 79 Dougherty argues that Kielmeyer never used 
Blumenbach's key concept of the Bildungstrieb and that his conception of 
the organic forces, especially the "reproductive force," did not tally with that 
of Blumenbach. 80 Moreover, Dougherty suggests that Blumenbach's sense 
of the Bildungstrieb had a far stronger philosophical (metaphysical and episte
mological) orientation than Kielmeyer's corresponding empirical approach 
to organic forces. Indeed, the latter aimed to connect his vital forces with or
ganic chemistry in an empirical, "materialist-mechanist'' approach that was 
in fact closer to the ideas of C. F. Wolff and, we might add,Johann Christian 
Reil. 81 That suggests that the standpoint for inquiry that Kielmeyer brought 
with him from the Karlsschule was one that Blumenbach might not have 
felt entirely comfortable with. 
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Kielmeyer incorporated Blumenbach's teachings, there can be no doubt. 
But he started from a different perspective and he advanced it in direc
tions that were clearly his own. That was apparent from his earliest research 
and teaching, after he returned to Stuttgart and took up a post at his old 
school. Kielmeyer became the professor for zoology at the Karlsschule in 
1790 and he taught there till the school closed in 1794. His courses drew 
students of both agricultural management and medicine. This was how the 
young medical student Christoph Heinrich Pfaff began studying with Kiel
meyer, eventually attending every course he offered. 82 The first course, sum
mer semester 1790, covered general natural history and was based on the 
textbook that the first instructor at the Karlsschule to deal with this mate
rial, Gottlieb Konrad Christian Storr (1749-1821), had developed before he 
left in 1774.83 A partial manuscript for Kielmeyer's course has been pub
lished under the title "Uber Naturgeschichte" (On natural history) in the 
collection of Kielmeyer's wl'itings edited by Holler. Already in that first 
course Kielmeyer advocated a dramatic enhancement of the field of natural 
history from its traditional descriptive role to a true history of nature: "The 
history of the phenomena that our earth as a whole manifests must, in ac
cordance with the concept of natural history, articulate not merely the 
question about its current condition but also about the conditions preced
ing and perhaps following from it: thus, how it is, how it was, and how it 
will be!'84 

This was the last time that Kielmeyer offered a course in general natural 
history, however. From that point forward he directed his teaching far more 
concretely to zoology.85 In the winter semester of 1790/91, he offered a 
course on "zoology according to Blumenbach;' but from the following sum
mer semester he announced that his lectures would follow his own texts. 86 
Ingrid Schumacher lists Kielmeyer's course notes that began circulating 
across Germany from this period forward: Vorlesungen iiber vergleichende Zo
ologie, allgemeine und spezielle Zoologie (1790-92); Vorlesungen iiber allgemeine 
Zoologie insbesondere (1790-92), with supplements through 1816; Vorlesungen 
Ubervergleichende Anatomie der '1iere (1790-92), with supplements through 
1816.87 Pfaff's notes from all these lecture courses are preserved in the ar
chives, and another set of notes (from 1807) served as the basis for the mid
nineteenth-century plagiarism by Miinter.88 Kielmeyer himself obtained 
such student note sets and annotated them for his own use. 89 At Goethe's 
request, Kielmeyer obtained, annotated lavishly, and sent on to Goethe in 
Weimar two sets of these notes. He also annotated two sets of Pfaff's notes 
to be relayed to their mutual friend, Cuvier.90 
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The central thrust o f  these materials was Kielmeyer's theoretical shift 
from Naturgeschichte to the "developmental history of animals [Entwick
lungsgeschichte der '1hiere] ."91 That would set the course of the Fachgebiet 
for the next several decades.92 Thus, as Schumacher puts it, "already in his 
lectures at the Hohe Karlsschule Kielmeyer linked anatomy and physiol

ogy with the natural history of animals."93 Like his French contemporary 

Vicq d'Azyr, Schumacher argues, Kielmeyer construed "comparative anat
omy as a physiological, functionally determined domain!'94 More generally, 
"as sciences, comparative anatomy and comparative developmental history 

were closely related and interacted with one another!'95 In an early draft es
say entided "Idea for a More Comprehensive History and Theory of the De
velopmental Manifestations of Organisms [Entwicklungs-Erscheinungen der 
Organisationen];' Kielmeyer drew explicidy on the notion of a Hauptform 
from Herder to conceptualize a historical pattern of development based on 
a "fundamental form that comprehended in its simplicity all the possible 
forms of manifestation of organisms and accordingly included all the devel
opmental stages of organisms;' in the paraphrase of Schumacher.96 

Three aspects of comparative anatomy seemed central to Kielmeyer at 

this point. First, it should determine the actual structures in animals and 
correlate these with functions. Second, it should develop a "physics of 

life"-that is, laws of the processes that constituted living systems. Finally, 

it should develop a coherent view of the entire zoological order.97 What is 
crucial is that for Kielmeyer a "developmental history of animals" implied a 
"physics of life;' and conversely: history of nature was a theoretical science 
of developing life-forms, and the "organic forces" at work had to be related 
(not "reduced") to the other forces in the physical world. 98 Continuity of the 

inorganic with the organic was the condition for the coherence of natural 

science.99 Thus, Kielmeyer took a strong professional interest in the chem
istry of living forms and in microscopic observations of their formation.100 

That same interest made him one of the earliest to take up experiments 
in Germany in response to Luigi Galvani's proposals concerning "animal 
electricity !'1°1 

Kielmeyer's address Ober die Verhiiltnifie der organischen KraJte unter ei
nander in der Reihe der verschiedenen Organisationen, die Gesetze und Folgen 
dieser Verhiiltnifie (On the interrelations of the organic forces in the series 
of different organizations [i.e., life-forms], the laws and consequences of 
these [inter]relations), delivered at the Karlsschule in Stuttgart on Febru
ary u, 1793, and published shordy thereafter, had a massive impact on the 

German philosophical and scientific scene. The address of 1793, according 
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to Kielmeyer's own characterization, was only a fragmentary and high-level 
summary of his lecture program of the prior three years and required more 

systematic elaboration in a publication that he promised would soon be 
forthcoming.102 That publication became eagerly awaited, but it was never 
to appear.103 It is, indeed, a pity that Kielmeyer never published a system
atized text, but at least we still have the address itself, and for all its brev

ity, it remains a masterpiece of life science for its day. As a historian of 
biology of the 1950s, Theodor Ballauf, put it succinctly, Kielmeyer's address 
constituted for the life sciences "the summation of the eighteenth century 
and the point of departure for all subsequent articulations."104 Similarly, 
Reinhard Mocek notes that it "presented to the educated public a synthesis 
of all the available knowledge to that point concerning the fundamental 
forces of life.11105 Kristian Kochy has termed it "a milestone in the history 
of biology" that "introduced the step from an overwhelmingly descriptive 
natural history to an explanatory natural-scientific biology;' capturing "the 
burning questions in the metatheoretical discourses of philosophy and 
natural science of its epoch.'1106 Thus, Thomas Bach has come up with the 
striking formulation that Kielmeyer's address was the "first system program 
of biology," paralleling the contemporary and more famous "Earliest Sys
tem Program of German Idealism."107 A decade before Treviranus named 
it "biology," Kielmeyer issued its "declaration of independence;' the claim 
that a new science was called for, with its own domain of inquiry and based 
on its own laws.108 Kielmeyer explicitly proposed that his considerations 
pointed toward the "foundation of a general natural science of life or of the 
organism.''109 

One of Kielmeyer's favorite metaphors, "the great machine of the or
ganic world," in fact problematized the conventional sense of"mechanism." 
Bach makes the perceptive suggestion: "what seem to be mechanistic no
tions in Kielmeyer would be better construed as systemic."110 When Kiel
meyer wrote of "the great machine of the organic world;' he meant to stress 

. systemic holism, a holism that embraced even the inorganic in a "world
organism.'' Thus, Bach observes, "Already in Kielmeyer nature is conceived 
as an organism;' the defining feature of Romantic Naturphilosophie.m Kiel
meyer's invocation of the great machine of nature betokened that systema
ticity of the natural world could best be conceived as organic. That was the 
crucial sense of "vital materialism" as it dominated the sciences of the late 
eighteenth century. In his important letter to Cuvier, December 1807, ex
plaining his relation to Naturphilosophie, Kielmeyer made the crucial point 
that it was through philosophical arguments that the age had "become more 
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accustomed" to the idea of "regarding nature as a whole and in its immen
sity [im ganzen und im grqfien] as an organism and alive in all its effects!'112 
Just because Kielmeyer stressed the systematicity of nature, he denied that 
natural explanations required a spiritual (transcendent) supplement (as has 
been the standard-and crude-reconstruction of "vitalism").113 Instead, he 
believed that "upon the physical forces of attraction and the chemical [ones] 
of affinity a further force was superimposed here in the domain of the or
ganic."114 It was not that the laws of physical and chemical forces did not 
apply, it was that they were modified in the context of living forms, and this 
betokened a supplementary force, something distinctly organic, to be inves
tigated in its own right for its own governing principles. 

Kielmeyer insisted that natural science sought regularities (laws) that 
governed process. In that sense, he was committed to an explanatory ap
proach. Still, for him the organic world's laws were not already available 
in physics or chemistry: rather, a specific science was required to explicate 
life forces in their higher-order manifestation.115 Kielmeyer sought laws ac
cording to which a developmental history of life-forms emerged. His model 
was not the cycle of identical recurrence typical of the inorganic world but 
rather the spiral of patterned irreversibility that characterized the historic
ity of life-forms.116 To achieve a comprehensive theoretical closure, one had 
to work from historical-developmental changes. Kielmeyer envisioned a his
torical science, in parallel with emerging geology. 

In the address of 1793, Kielmeyer undertook what Arthur Lovejoy fa
mously termed the "temporalization" of the "great chain of being."117 By 
natural history, Kielmeyer clearly understood history of nature, and he more 
concretely believed "that classification of natural history should be based on 
consanguinity [or descent, Verwandtschaft] and not on artificial criteria!'118 

His goal was explicit: "a developmental history of the animal kingdom in 
relation to the epochs of our earth!'Il9 Most saliently, Kielmeyer not only 
moved from a synchronic to a diachronic conception of the order required 
to make sense of the phenomena but also moved from a metaphysical to an 
empirical footing. Whereas Leibniz made metaphysical arguments for his 
famous principle of continuity, Kielmeyer was content to stress the bound
less abundance of different life-forms, the prodigality of distinct individual 
exemplars of each, the multiplicity of organs in each such organism, and so 
on.U0 The empirically observable vastness sufficed to render the theoretical 
question of a coherent ordering critical. 

Kielmeyer started from Hailer's two forces, sensibility and irritability, 
and deliberately omitted evocation of either Wolff or Blumenbach. Then he 
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went on to proliferate the number of organic forces on his own account, 
adding three general organic forces: Reproduktionskraft, Sekretionskraft, and 

Propulsionskraft. The last two forces were his own constructions. By "secre
tion;' he meant the capacity to assimilate new material into the organism 
and elaborate it and integrate it into the existing tissues, aspects we might 
associate with metabolism, generally, and which for the eighteenth century 
Bourguet had elaborated under the important name intussusception adopted 
from Reaumur.121 By "propulsion" Kielmeyer had something quite concrete 
in mind, namely, the capacity to drive fluids through the organism, a feature 
he associated primarily with plant life, invoking the earlier work of figures 
in Britain (presumably Hales, Vegetable Statics). 

Notably, Kielmeyer insisted that in animals the heart and circulatory sys
tem could not be exhaustively explained by irritability, as Hailer had main
tained. He expressed skepticism about the scope of irritability, scoffing at 
the "schlumpfsinnige Wiz [retarded judgment]" of Hailer's myriad epigones, 
who wanted to explain everything as irritability. For himself, Kielmeyer as
serted in a note, "the manifestations of irritability are nothing else but man
ifestations of elasticity.'m2 While Kielmeyer did not go so far as to dispar
age Hailer personally, his treatment of the epigones and his own reduction 
of irritability to elasticity suggest a drastic challenge to the preeminence of 
Hailer in the field. In any event, Kielmeyer did not choose to elaborate any 
further on secretion or propulsion in the balance of his address. He concen
trated instead on the relations among the first three organic forces and the 
laws that expressed their divergence across the chain of living things. 

What interested Kielmeyer was not simply diversity but order: despite 
the enormous multiplicity of the forces in interaction, nature appeared to go 
serenely forward as a systemic unity.123 Yet this unity involved development, 
just as the unity of mankind involved historical change. Thus, Kielmeyer ob
served, "the great machine of the living world . . .  appears to stride forward 
along a path of development [scheint in einer Entwicklungsbahn fortzuschrei
ten].m24 For Kielmeyer, not only did each individual organism seem to have 
a life course, a developmental path (Entwicklungsbahn), but so did the entire 
organic world. How living things accomplished this was the really interest
ing scientific question he wished to explore.125 He posed three questions 
in his address to illuminate this historicization of the natural world. First, 
what organic forces could be found across the hierarchy of living things? 
Second, and most prominently, "what are the relations of these forces to 
one another in the different forms of organized life, and in accordance with 
what laws do these relations change in the hierarchy of different organiza-
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tions [life-forms] ?m26 Finally, what explanation could be surmised for these 
relations and the descriptive laws expressing them? 

Starting with sensibility as an organic force, Kielmeyer noted the sim
plification of dedicated sense organs as one worked downward in the hier
archy of living things from the human and higher animals to lower forms of 

animal life. Certain animals had weaker vision, others seemed to lack hear
ing; in lower animals there were no dedicated sense organs. In organisms 
without a nervous system, indeed, stimuli appeared to be registered gener

ally throughout the tissue structure, as in the response ofTrembley's famous 
polyps to light. What Kielmeyer observed, decisively, was that with the dimi
nution or elimination of a determinate sense facility, it appeared that the 
remaining senses compensated by expanding their range and acuity.127 This 

was the key insight that drove his entire argument. He acknowledged that 
this compensation was only approximate-that, indeed, the reduction in the 
multiplicity of sensory receptivity was only partially compensated by the in
crease in the remaining facilities.128 Nonetheless, as a general rule, this pat
tern of compensation deserved consideration, in his view, as the first "law" 

of the relation of organic forces across the hierarchy of living things.l29 

Turning to irritability, Kielmeyer concentrated on the vast wave of exper
iments with severed animal parts in the wake of Hailer, noting a dramatic 

difference in the persistence of irritability between warm-blooded and cold

blooded animals.130 While the former swiftly lost all irritability once sev
ered from their brains or hearts, the latter could survive an amazingly long 
time. Kielmeyer observed similar persistence of irritability in tissue in the 
still-lower organisms. Thus, he came to his second law of compensation: 
the persistence of irritability was inversely proportional to the hierarchical 

placement of animals in the scale of living things according to sensibility.131 

Finally, he turned to the force of reproduction, which he considered 
the most common across the hierarchy of living things and also the force 
that consumed most of their lives.132 He discerned here again an inverse 
relation-this time between the number of offspring and the rank of the 
organisms in the chain of living things. Higher organisms took longer to 

develop in the embryo stage and longer to reach maturity, often requiring 

substantial parental support; hence, this restricted the number of offspring. 
The lower in the hierarchy one moved, the more prolific the number of off
spring and the less parental involvement. Even more interesting for Kiel
meyer was the proliferation of asexual reproduction as one moved down the 
scale of living things.133 That led him to postulate a third law of relation: the 
variety of reproductive forms and the number of offspring increased as one 
moved down the chain of living beings, and, inversely, as one moved up that 
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chain, the complexity of development favored both sexual reproduction and 
a substantial reduction in the number of offspring.I34 

Having considered the patterns within each of the three forces, Kiel
meyer was prepared to make his encompassing generalization: "the capacity 
for sensibility in the hierarchy of living things is gradually displaced by ir
ritability and reproduction, and in the end even irritability gives way to the 

latter."135 Kielmeyer clearly formulated this generalization as a rule of the 
displacement of "higher" forces by "lower" ones, but he recognized that this 
could just as well be formulated inversely, resulting in a model of develop

ment, not simplification. This was clearly the case when he drew the impor
tant analogy between these laws of compensation across the hierarchy of 
living things and the stages of embryonic development in individual organ

isms.136 What Kielmeyer noted here would be taken up by Johann Meckel 

the Younger (1781-1833) and propounded early in the nineteenth century 
as "recapitulation;' then formulated into a slogan later in that century by 
Ernst Haeckel (1834-1919): the "biogenetic law" that "ontogeny recapitu
lates phylogeny."B7 

Even more interesting was Kielmeyer's concluding suggestion that 
"through carefully selected analogies" one might use his laws of compen

sation to reconstruct "the generation of the first living things on our earth 
[ersten Hervorbringung der Organisationen auf unserer Erde];ms That was a 
decisive gesture toward "transformism" in the biological world, toward an 
"archaeology of nature," to use Kant's phrase.139 As Gabrielle Bersier puts 
it, Kielmeyer created "a system of biodynamic interaction encompassing all 
living organisms and regulated by the law of compensation.''140 He capped 
that off with a thought that showed his full and enthusiastic embrace of 

these altogether Herderian impulses: "what was previously irritability de

velops in the end into the capacity for representation [i.e., consciousness; 
was zuvor Irritabilitiit war, entwikelt sich am Ende zur Vorstellungsfiihig
keit]!'141 Human consciousness was itself an emergent consequence of the 
development of organic forces within the living world. This was a radically 
naturalist position.142 In the compass of his little address, Kielmeyer had 
gathered up a host of the most urgent issues of the age and thrust them in a 

coherent and provocative new direction: the historicization of life-forms all 
the way up through man. 

K I E L M E Y E R  A N D  P A L E O N T O L O G Y  

Kielmeyer's letter to Cuvier from 1801 contains such an explicit statement of 
his interest in paleontology that it is worth reprinting in translation: 
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Since I believe that the differences between fossilized animals and those that 

can be found still living upon our earth are not so much-at least not always

to be ascribed to the extinction of species, but rather far more to a transforma

tion in the formative forces of the majority of still-existing species running par
allel with the revolutions of our earth (since even the fossil species manifest so 

many similarities with those to be found still living), I would be very delighted 

to see you bring your own work on this matter to completion. Perhaps from it 

one might then be able to achieve some illumination not only concerning the 

revolutions of our earth but above all concerning the laws according to which 

the transformation in the formative forces of animals takes place, always in ac

cordance with the varying conditions of our earth. Perhaps these laws are the 

same as the laws according to which even now transient and persistent varie

ties of flowers emerge, or the laws of the variation of the formative force in 

tulips and carnations. What above all fortifies my conviction in thinking of a 

transformation in the formative type of the species (for the majority of cases) 

is, in addition to the similarity between the still-living animals and the organic 

formations of earlier nature, the observation that I have been able to draw quite 

generally from all the data I have encountered and come to know that the fos

silized species are considerably larger than the similar and corresponding spe

cies among the still-present animals. This very observation permits me to be

lieve in the possibility that one may find laws for the transformation in the 

formative force of animals each in accordance with the varying circumstances 

of our earth. Only, for such a purpose it would be necessary for our inquiry to 

take up not only investigation and comparison of fossilized quadrupeds with 

living ones but also more generally to extend to all the remains of the earlier 

organic world, in particular plants and crustacea as well. In addition, it will 

be necessary to pay particular attention to the times in which these remains 

occurred, since it is highly likely these were very different. To do this last bit 

would admittedly be difficult, because the dates are not included as they are 

with buried coins! Still, the geological stratification and other circumstances 

in which the fossilized animals are found in the earth could often suffice to 

establish what came first and what came later and provide us with a semiotic 

for the span of ancient time. A hindrance in the execution of this whole con

sideration of laws of formative variation according to the circumstances of the 

earth is clearly this: that we know next to nothing about the circumstances of 

our earth or its history and that a part of the revolutions was violent and sud

den; still it seems to me that we need to use these violent revolutions at most to 

explain only the amassing of such fossilized animals in a few small locations, 

but not their appearance in different climes. This latter seems to be based upon 

more regular, more developmental, slower revolutions of the earth's surface. 

For the knowledge of this last there remains hope via chemistry and a com

parative consideration of heavenly bodies. And were the sequence of changing 
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circumstances that our earth has undergone to be clarified, then it would also 
be possible . . .  maybe . . .  maybe . . .  to determine the influence of these chang

ing circumstances on living formations, just as the influence of a certain garden 

dung permits the determination of plant formations. But for dreams we have 
the night, not the daylight in which I am certainly writing.143 

There is substantial evidence that Kielmeyer was pursuing these ideas 
already-and extensively-in his years at the Karlsschule between 1790 
and 1794. 

Had he given up on that project by the mid-18oos? Crucial evidence 
seems to come from his correspondence with Carl Windischmann (1775-
1839). Kielmeyer had been asked by Windischmann for his appraisal of the 
question of "the developmental history of the earth and its life-forms." In 
his letter of November 25, 1804, Kielmeyer replied: 

In all events, I consider praiseworthy [beifallswurdig] the idea of a closely con

nected developmental history of the earth and in addition of the sequence [Reihe] 

of organic bodies in which each would illuminate the other reciprocally [wech
selsweise]. The reason I think this idea is right is this: because I take the force 
through which at one time on our earth the sequence of organic bodies was 

brought forth as, in its essence and lawfulness, one and the same as the force 

through which still now in every organic individual the sequence of its devel

opmental conditions, which is similar for every sequence of organization, gets 

brought forth. If, however, the force in both cases is the same and if it were 

in the latter case to be considered analogical to magnetism, as I attempted in a 

lecture in the year 1792 to demonstrate analytically, based on experience, then it 

must be assumed that this was also true in the first case, as something that is an

alogical with the magnetism of our earth and somehow connected with it. Since, 

now, changes of our earth will also affict its magnetism, and therefore, its strength 

and orientation, etc. must be assumed to change, so too must the effects of such 

a force alter in proportion to such changes, hence the produced organisms, the 

children of the earth-. These produced organisms, however, demonstrated a 

certain regularity among themselves in the sequence of their formation and 

beyond this a similarity to the developmental circumstances in an individual 

organism; hence, it can be retroactively inferred that the changes that our earth 

has undergone as well, and specifically its magnetism, were regular, i.e., devel

opmental changes, and thus in the end it can be concluded that the developments 
of our earth and accordingly in the sequence of organic beings among one an

other hang together precisely and just for that reason share a common history.144 

Kielmeyer noted that he had developed these ideas extensively in his 
courses at the Karlsschule in the early 1790s on the '1heorie der Entwicklungs-
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erscheinungen der Organisationen (theory of the developmental phenomena 
of organized beings).145 Yet, even as he agreed with Windischmann about 

the ambition to formulate such a history of earth and its life-forms, he now 
admitted he doubted "the possibility of carrying out such a history!'146 He 
made this judgment, he elaborated, not only because there was insufficient 
evidence to formulate the histories that would determine the continuously 
interacting relation between earth, its magnetism, and the forms of organic 
development, but because he no longer had confidence that such a conti
nuity ever existed.147 Instead, he now suggested, there were always inter
vals between the life-forms; each stage in the development of an individual 
organism, he now observed, demonstrated discontinuities with the succeed
ing one, and so it must have been with the developmental line of organisms 
in the history of earth. More emphatically, Kielmeyer insisted that there 
was too little knowledge of the developmental history of the earth or of the 
laws of animal development or of the hierarchy of currently existing organ
isms. Since he could find neither a convincing law of gradation in animal 
development nor a compelling theory of magnetism, Kielmeyer admitted to 
having gradually given up on publishing his theory.148 

He presented yet another reason for his doubt. Now he believed that the 
way in which organisms developed differed at different times over the his
tory of the earth. "Some species of organism probably emerged out of others 

just as now the butterfly develops from the caterpillar, the flower parts from 
the leaf or the rest of the plant. Others, however, are original children of 
the fertile earth. Maybe all these primitive ancestors have thoroughly died 
out!n49 Faced with such diversity of process, he despaired of finding a uni
form law of development. Finally, Kielmeyer suggested that retrogression was 
a possibility that further complicated any coherent historical account.150 As 
to extinction, Kielmeyer professed himself unpersuaded, declaring that he 
leaned to Lamarck's view that changes in the direction of formative forces, 
aligned with changes in the earth, had occasioned the gaps between current 
and earlier species. m 

Clearly, Kielmeyer had become even more skeptical on this subject than 
the whimsical close of his earlier letter to Cuvier intimated. Yet there re
mains the fact that Kielmeyer had advanced his theory in the early 1790s, 
that he thought enough of it to recapitulate it in some detail to Windisch
mann in 1804, and that it contained both the specific hypothesis and the 
reasons for skepticism that he had already presented in his far more posi
tive letter to Cuvier of 1801. There is, in my view, no reason to believe either 
that Kielmeyer misrepresented the enterprise when he called it ''praisewor-
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thy;' or that the wider community would have taken him, for the interven
ing decade and a half since he began teaching it, to have been misguided. 

On the contrary, they may-like Windischmann himself-have wished to 
pursue the project more boldly than Kielmeyer by 1804 thought warranted. 

My conclusion is that by 1804, in his letter to Windischmann, and by 

1807-8, in his letters to Cuvier about Naturphilosphie, Kielmeyer may well 

have begun to rue the impulses he had helped set loose in life science, pa
leontology, and philosophy of nature, and that some of the endeavors of his 
enthusiastic admirers may have come to seem to him highly uncongenial. 

But that does not change the fact that he did provide an enormous impetus 
to this whole line of thinking. Even if he did not believe it could pay off, 
within twenty years of his letter to Windischmann, a detailed biostratigra

phy was fully established (by "stratigraphy Smith" in England), and by the 

mid-nineteenth century Darwin would present a theory of evolution. Kiel
meyer was at once bold and reticent. We should not lose sight of the former 
in taking into account the latter. Above all, we must not allow ourselves 

to condescend about his hunches concerning magnetism so much that we 
lose sense of his extraordinary project of correlating the development of life 
with the history of earth, the core notion of evolution. Kielmeyer taught it 

to a whole generation. Like Lamarck, whom he cited favorably at the end of 
his letter to Windischmann, Kielmeyer may not have had the mechanism of 
evolution that we now warrant, but it was an idea of evolution nonetheless, 
a spectacular, pathbreaking idea for the modern life sciences. 

T H E  I M P A C T  O F  K I E L M E Y E R :  T H E  

R E C E P T I O N, 1 7 9 3 - 1 8 2 0  A N D  B E Y O N D  

Kielmeyer's view of natural science is bracing in its sense of the enterprise 
of inquiry: "in seeking general laws, which is what we are about here, it is 
not so much a matter of piling up a huge number of facts as it is the eval
uation of a few less, and the natural capacity for insight or a feeling for 
what's right drawn from practice, that is decisive. Discovery typically arises 
from a lucky leap whose danger only becomes apparent in retrospect; secur

ing that possession is what then permits the slow and sure advance along 
the chain of MANY experiences.m52 One of his most noted students, Karl 
Eschenmayer, recollected in 1832 the importance of Kielmeyer's method
ological pronouncements: "The first lasting sense for natural science I de
rived from the penetrating lectures of State Counselor Kielmeyer . . . .  From 

him I derived the fundamental idea of the continually varying proportions 



266 C H A P T E R  N I N E  

of the three fundamental life-forces in living nature, from plants to man . . . .  
His lectures caught me at an age that was most receptive for the ingenious 
formulation of analogies and of induction.m53 This sense of the calling of 
science galvanized a generation. 

The response to Kielmeyer's address was immediate and enthusiastic. 
His former teachers Jacob Abel and Friedrich Bouterwek sent him letters 
of congratulation. Notices appeared in key journals. The Gottingen chem
ist Gmelin wrote of the address in GGA, June 3, 1793; and the philosopher 
G. K. Storr, formerly of the Karlsschule, published a highly favorable notice 
in the "!Ubingen Gelehrten Anzeigen, June 20, 1793. Reviews appeared in the 
following year, notably by his former classmate Heinrich Friedrich Link, in 
Neues Allgemeine deutsche Bibliothek. The address came almost immediately to 
the attention of Goethe, who relished it and who immediately noted the af
finities to Herder's approach. He wrote Herder a letter sometime in 1793 or 
1794 asking if Herder was aware of the address and assuring him that he 
would be pleased. Everyone took Kielmeyer at his word that a full publica
tion would soon flesh out the extraordinary outline he had provided. When 
that failed to happen, instead student lecture notes stepped in. A veritable 
industry developed in Stuttgart producing notes from each of Kielmeyer's 
courses at the Karlsschule. These began rapidly and pervasively to circu
late through German academic circles. With them, Kielmeyer's reputation 
soared still further. 

The peak of Kielmeyer's celebrity came in 1798, when Blumenbach him
self acknowledged the importance of the address in the second edition of 
his Institutes of Physiology, and most famously, Schelling hailed him in Von 
der Weltseele for launching a whole new epoch in natural history. If his ca
reer hit a brief lull with the closing of the Karlsschule in 1794, he took ad
vantage of it to conduct extensive research into invertebrates on the north 
coast of Germany and then to renew his contacts at Gottingen in pursuit of 
a new position. That came with his appointment to the chair in chemistry 
at the University of Tiibingen in 1796. He gave his inaugural lecture there 
on the question of the gestation of infusorians, reopening the question of 
spontaneous generation. His interest in organic chemistry and animal elec
tricity as the basis of living form carried him in the ensuing years more 
deeply into plant chemistry, leading to an inaugural lecture in 1801 that, 
once again, captured the imagination of his contemporaries.154 He received 
calls to chairs at Gottingen and Halle-even, eventually, to Berlin-but he 
declined them all. He retired from teaching in 1816 as a living legend and 
spent the rest of his life in government service. 
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Though Alexander von Humboldt had taken issue with some of Kiel
meyer's findings in his wide-ranging Versuche of 1797, in 1806 he dedicated 

his Beobachtungen aus der Zoologie und vergleichenden Anatomie to Kielmeyer 
as "the foremost physiologist in Germany.'1155 A whole series of works from 
the early years of that decade testify to Kielmeyer's pervasive influence: 
Henrik Steffens, Beitriige zur innern Naturgeschichte der Erde (1801); Stefan 

Wickelmann, Einleitung in die dynamischen Physiologie (1803);]. F. Fries,Rein
hold, Fichte, Schelling (1803); Ignaz Troxler, Versuch in der organischen Physik 
(1804). In 1806, perhaps most influentially, Johann Meckel identified in 

Kielmeyer's address the origins of the idea of"recapitulation," and this im
putation was seized upon with enthusiasm by Samuel Thomas Soemmer
ring in his review of Meckel's book.156 

The leading figure of the next generation in life science,Johannes Miil

ler (1801-58), observed in 1826 that "Germans can be proud that Kielmeyer 
was the first to recognize the approach to comparative anatomy" based on 
"following Nature in generation, in the living process of its production.''157 

In his famous address "Goethe as a Natural Scientist" in 1861, the leader of 
a later generation, RudolfVirchow, noted: "Still in the days I was a student, 
Kielmeyer's teachings were laid out in the lecture courses on physiology, so 
deep and lasting was his influence, even if it was transmitted almost exclu
sively in the traditional manner, from mouth to mouth.''158 

In one of the testimonials at Kielmeyer's passing, his friend Karl Fried
rich Philipp von Martius (1794-1868) made the observation that while 
Kielmeyer was no Naturphilosoph, he was a philosopher of nature.159 That 
discrinlination has three senses. First, of course, it denies Kielmeyer's affilia
tion with Naturphilosophie. But with the term "philosophy of nature" two 
other senses come to the fore. On the one hand, it recalls to our historical 

attention the persistence of the idea of "natural philosophy" as the general 
name for theoretical natural science in the early modern period, from New
ton through Kant. Martius meant that Kielmeyer was heir to that tradition. 
But, on the other hand, it also suggests something distinctive about Kiel
meyer: his genius for theoretical synthesis. 

We can see all this even more clearly in Christoph Heinrich Pfaff's char
acterization of his teacher and friend: "Kielmeyer is more than just a sys
tematizer; he is a truly philosophical mind-though one far from allowing 
general metaphysical ideas to serve as the foundation for the elaboration 
of natural science, or from considering the elaboration of such ideas as 
the highest goal of natural science."'60 Pfaff clearly wished to distinguish 
Kielmeyer from Naturphilosophie and to situate him alongside their mutual 

--
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friend, Georges Cuvier, as a natural scientist.161 He stressed Kielmeyer's 
empirical method of observation and inductive inference, aligning it with 

the tradition of Bacon and Kant. But Pfaff then went on: "Without being a 
natural scientist in the rigorous sense of the term, that is, without adding 
to the inventory of facts and objects by his own observations and experi
ments, Kielmeyer instead gathered with inexhaustible energy the data avail

able, appraised it and organized it, though not according to what were es
sentially external similarities and differences but rather according to their 
most essential, deeply internal relations, which only a theoretical [geistiger] 
view, such as his, could have discerned.m62 This retrospect was composed 
in 1845 and it betokens both the culture of science of that moment-the 
adamantly "experimentalist" commitment in German physiology and the 
equally adamant positivism of its philosophy of science (a blend of Kant 

and Comte)-and Pfaff's concern to make his mentor and friend respect
able in that culture.163 Hence, Pfaff insisted that Kielmeyer belonged to the 
"Kantian school" and should not be aligned with the now-despised "black 
death" of science in Romantic Naturphilosophie.164 

Perhaps the best that can be said here is that we can register in Pfaff's 
retrospect the definitive split of a modern (albeit positivistic) idea of"natural 
science" from the old idea of "natural philosophy.m65 In fact, what Pfaffwas 
calling "philosophy" in this passage would be far more reasonably rendered 
in our current discourse simply as theory. Moreover, Kielmeyer's theory, as 
Pfaff himself attested, built methodologically from an empirical database 
via inference-something even nineteenth-century positivism more or less 
embraced. In short, philosophy of science inflects (if not infects) history 
of science with the attitudes of the day, and our philosophy of science (or 
"science studies" as a wider frame) offers a far more sympathetic basis for 

the historical reconstruction of Kielmeyer- and, beyond him, of German 
Naturphilosophie generally-than the dogmas of fading positivism.166 

"AN I M A L  E L E C T R I C I T Y "  A N D  V I T A L  F O R C E  

Significantly, Kielmeyer's only other publication in the 1790s dealt with "so
called animal electricity!'167 This reflected the enormous impact that Luigi 
Galvani had in 1791 on the German research community.168 Galvanism was 
one of three theoretical interventions into physiology in the 1790s in the 
Germanies. The second was the new "antiphlogistic" chemistry of French 
provenance.169 "In the closing decade of the eighteenth century, German 
chemists were engaged in a bitter rearguard polemic over Lavoisier's chal-
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lenge to the phlogiston theory!'170 The major journals of German chemis
try, Lorenz von Crell's Chemische Annalen and Friedrich Gren's Neues Jour
nal der Physik, had fought hard against this "French chemistry," and their 
defeat ruined the prestige of the editors and their journals. "By the autumn 
of 1793, the debate had run its course;' but this set the stage for the recep
tion of galvanism: "In the pages of Gren's Journal, the subject of phlogiston 
quickly gave way to exuberant reports of experiments in animal electricity''; 
that is, "galvanism provided an opportunity to shore up the wounds of the 
immediate past."�71 Christoph Girtanner drew the new chemistry directly 
into the context of physiology with his first essays of the 1790s.172 Chem
istry proved central, as well, in the work of Johann Christian Reil and his 
"school" at Halle over the 1790s.173 Theirs was a concern to grasp chemical, 
rather than merely mechanical, explanations of life processes. The third in
tervention was the medical theory of John Brown (1736-88)-which Gir
tanner introduced into Germany as well, though without proper acknowl
edgment. The German craze for Brownian medicine is best reserved for its 
role in Schelling's Naturphilosophie. But "antiphlogistic" chemistry and gal
vanism triggered a notable explosion of works on Lebenskraft in the mid-
1790s, before Schelling's works even appeared or the Brownian movement 
in medicine took shape in Germany. 

In a lively and persuasive monograph, Marcello Pera has illuminated the 
"Galvani-Volta Controversy" in terms of their divergent research goals.174 
"Galvani observed his phenomena with the eye of the physiologist, while 
seeking to make their interpretations compatible with the contemporary 
state of knowledge in electrical (electrostatic) science."175 By contrast, "in 
Volta's interpretation . . .  one should always begin by seeking physical ex
planations, without resorting to other kinds (for example, biological or-a 
kind he scarcely envisaged-chemical)!'176 Was "galvanic fluid" distinctively 
organismic or simply a feature of the physical world generally, that is, a force 
(or property) "that pervaded all bodies?"�77 Alessandro Volta succeeded in 
winning over the bulk of scientific opinion when he appeared to demon
strate that electrical phenomena could be generated without any animal 
tissue; hence, "animal" became redundant for this phenomenon known as 
"electricity!'178 But he never proved that there was no electricity in animals 
or, more importantly, that animals could not generate such electricity within 
their own bodies rather than react to it as an external stimulus.179 

Naum Kipnis makes what I take to be a compelling case for redirecting 
attention from the "victory" of Volta over Galvani to the question of the 
importance of "animal electricity" for German physiology.180 "Contrary to 
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physicists, physiologists were interested not so much in explaining galvanic 
phenomena as in finding something useful for physiology."181 Concretely, 

the issue was whether the new "galvanic fluid" might be identical with the 
longstanding notion of a "nervous fluid." The established fact of electri
cal charge in the electric eel and the Torpedo-fish offered empirical prece
dent for the new discourse, which sought to generalize the phenomenon 
across all animal life.182 At the close of the eighteenth century, physiologists 
needed a theory-and even more they needed experimental confirmation 
of the actuality-of "nervous fluid.'' Galvanism promised "a breakthrough 

in the experimental study of the nervous fluid," a "new opportunity to study 
the nervous act and perhaps to solve the mystery of life.''I83 

The enthusiasm for galvanism did not last: the "anticipated revolution 
in neurology had aborted" by 1800.184 Thus, galvanism was an intense but 
short-lived phenomenon, from the initial reception of Galvani's paper in the 
spring of 1792 just up to the turn of the century.185 Yet its impact was enor
mous in that short interval. In Germany, Galvani's theory fed directly into 
the program of the 1790s to establish a theoretical and experimental basis 
for a new science of life through a theory of vital forces. For a time, "animal 
electricity" seemed a prime prospect.186 This was what drew Pfaff, Hum
boldt, andJohann Wilhelm Ritter to the topic. 

Late eighteenth-century physiology wished to draw upon resources in 

the physical and chemical sciences of the day while not allowing itself to 
be reduced to or absorbed by them.187 Thus, Ritter understood galvanism 
as "a more complex concept than those of electricity and chemistry;' which 
"incorporates in itself electrical and chemical action.'nss In the state of dis
ciplinary indeterminacy in the sciences in Europe at that moment, a given 
scholar could well be simultaneously a physicist and a physiologist (to say 
nothing of a chemist and a physician).189 Since the frontiers (and, indeed, 
the interior architectonic) of these respective domains for scientific inquiry 
had not been clearly established, boundary work was important, especially 
for those seeking to carve out a new and legitimate special science of their 
own.190 Thus, it was not uncommon for naturalists to criticize one another 
for improper border crossings. Pfaff, as Kipnis notes, "severely criticized 

Humboldt for the improper, in his opinion, use of chemistry in physiol
ogy."191 That would prove central in the controversies of Johann Christian 
Reil with theorists of Lebenskrafte starting in the mid-1790s and get taken 
up directly into Schelling's crucial texts on Naturphilosophie at the close of 
the decade. 

Christoph Girtanner's work marked a crucial moment in the attunement 
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of the German life-science community to the core issues of "vital force." 
Indeed, some scholars believe he was the single most iniportant trigger for 

the proliferation of debate over this topic in the 1790s.192 His first major 
publication appeared in French in the Journal de physique of 1790, a two
part essay entided "Memoires sur l'irritabilite consideree comme principe 
de vie dans la nature organisee!'193 It was published the following year in 

German.194 In 1791 he published two major contributions to the propaga
tion of Antoine-Laurent de Lavoisier's (1743 -94) antiphlogistic chemistry in 
Germany.195 Girtanner provoked the new debate by dragging into the ques
tion of life-forces new vocabularies drawn from the medical theory of John 
Brown ("excitability") and from the chemical revisionism of Lavoisier, in 
particular "oxidation" (as a process, though he conflated it thoroughly with 
oxygen as an element). He even brought in electricity-from a pre-Galvani 
source, the abbe Bertholon.196 What was in a European perspective a de
rivative, indeed plagiaristic work proved nonetheless seminal for the ele
ments it brought into German discourse, made especially provocative by 
the crude reductionism of its hypotheses. First, Girtanner aimed to bring 
Hailer's two life-forces into unity siniply by deriving sensibility from irrita
bility. For him, nerve action was epiphenomenal; indeed, there were organ
isms, like the polyp, that were excitable throughout their bodies without 
any trace of nerves.197 In more complex organisms, he claimed, nerves were 
themselves triggered by the irritation of some nonnervous tissue. Second, 
Girtanner argued that irritability itself was simply chemical: oxygen was "the 
principle of irritability!' On that basis Girtanner claimed one could establish 
a "universal physiology!' 

It is hardly surprising that Girtanner drew down upon himself a host 
of critics. His plagiarism of Brown was easily exposed.198 More important, 
however, were his suggestions about life-force. Immediately, but poorly, 
Johann Ulrich Gotdieb Schaffer (1753-1826) penned a learned rebuttal.I99 
Christoph Pfaff scoffed that it was siniply a repetition of Girtanner's mate
rial, accompanied by an equally crude negation.200 Within the Gottingen 
community, where Girtanner was an active and important presence, his 
claims were taken up with more discriniination. Gottingen in the mid-1790s 
was the center for German discourse of physics and physiology engaged 
with galvanism.201 The Gottingen figures read Girtanner against the back
drop of the complex "banquet of life-forces" articulated by Blumenbach in 
1787 and Kielmeyer in 1793, as well as in response to the new thrill of galva
nism after 1792. They produced a plethora of commentaries on Lebenskra.ft 
around 1795· Pfaff stands out here because of his direct connection with 
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Kielmeyer. He had come to Gottingen to study electricity with Lichtenberg, 
and his first essay, "Abhandlung iiber die sogennante thierische Elektrici
tat;' appeared in Gren's Neues Journal der Physik (1794), to be followed the 
next year by his widely celebrated monograph, Uber thierische Elektricitiit 
und Reizbarkeit (1795).202 Alexandervon Humboldt's earliest publications on 
the topic grew out of his letters to Blumenbach in just that same moment: 
"Uber die gereizte Muskelfaser, aus einem Briefe an Hrn Blumenbach" 
(1795) and "Neue Versuche iiber den Metallreitz . . .  Aus einem Briefe an den 
Herrn Blumenbach" (1796). 203 Kielmeyer himself had take up residence in 
Gottingen in these very years and participated intensely in the discussions 
involving his former student Pfaff, his former classmate at Gottingen Rein
rich Friedrich Link, and others in Blumenbach's inner circle-not only pro
fessorial colleagues like Lichtenberg and Gmelin but former students like 
Girtanner himself, Humboldt, and Joachim Brandis.204 Thus arose what the 
distinguished physiologist Ignaz Dollinger (1770-1841) labeled in 1806 an 
"army of treatises on the life-force that have just recently appeared."205 

We can begin engaging this "army" by taking on Pfaff's acclaimed Uber 
thierische Elektricitiit und Reizbarkeit (1795).206 In the first chapter of his 
treatment of sensibility and irritability, Pfaff described the variety of life
forces currently under discussion, drawing explicitly on Kielmeyer's set of 
five.207 He undertook to explore the mechanism of action in each specific 
force. To contextualize his account he offered a brief history of the "main 
schools of thought" on the question of life-force in recent physiology.208 It 
began with Hailer, whom Pfaff celebrated for having initiated a new era "in 
the history of the cultivation of physiology.'' Beyond all the merely theo
retical physiology of his predecessors, like Boerhaave and Stahl, "his ex
periments opened a new path.''209 Haller famously distinguished irritability 
from sensibility, but "in general Haller expresses himself very ambiguously 
and inconsistently concerning the role of nervous force in the phenomenon 
of irritability.''210 Hailer maintained that the irritability of muscle fibers was 
sui generis, and this provoked a lively opposition insisting that it was in fact 
caused by nervous force.211 That polarized physiology after Hailer. Girtan
ner upheld Hailer's view. Indeed, "Girtanner goes considerably further [than 
Hailer himself] in subordinating sensible fibers to the irritable ones since 
he considers the impressions [Eindriicke] to be the effect of the latter on the 
former.''212 In addition, Pfaff noted, Girtanner sought to integrate all that 
into "antiphlogistic" chemistry.213 

The opponents of Hailer themselves split into two camps: first, those who 
believed in the agency of a soul in all organic movement; and, second, those 
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who believed that life functions could be explained by nervous force-but 
as a bodily, not a transcendent, element. Stahl was the inspiration for the 
first camp, and Whytt its more recent exponent, according to Pfaff. 214 He 
also placed Ernst Plattner in this camp. 215 In the second camp Pfaff placed 
Christoph Ludwig Hoffmann,Johann Schaffer, and Johann Christian Reil. 

He disparaged the originality of the first two, arguing that they had been 
completely anticipated and surpassed by the "ingenious Unzer."216 For Pfaff, 
Johann Unzer had done the pioneering work on neurophysiology and ner
vous force.217 Hoffmann and Schaffer were trivial in comparison. By con
trast, "the treatment of irritability articulated recently by Prof. Reil is out
standingly elegant [vorziiglich schiin] ."218 For Pfaff, Reil was of the same 
stature as Unzer as a neurophysiologist. In addition, Pfaff noted, Alexander 
von Humboldt had provided considerable experimental evidence that sup
ported the insights of Unzer.219 

Pfaff devoted a whole second chapter of this part of his study to the 
critical examination of Girtanner's other hypothesis, concerning oxygen 
as irritability, or, more generally, concerning the chemical explanation of 
physiological processes, especially metabolism.22° Far from accepting Gir
tanner's simplistic account, Pfaff, drawing on Kielmeyer, argued that the 
action of oxygen needed to be supplemented by the important role of nutri
ents carried in the bloodstream to the active tissues.221 Thus, Pfaff argued, 
to account for the chemical processes involved in physiological functions, 
one could not follow Girtanner in assuming that the positive correlation of 
oxygen with life-force meant their identity.222 

Alexander von Humboldt's work Aphorismen iiber die chemische Physiologie 
tier Fjlanzen (1794) struck Pfaff as a much more sophisticated, experimen
tal consideration of the role of oxidation in physiology.223 Humboldt had 
studied with Blumenbach at Gottingen, concentrating on plant physiology 
and especially the emergent field of plant chemistry. His results appeared 
in the work that Pfaff found so fruitful. There, as well, Humboldt offered 
a theory of Lebenskraft that drew the attention of a number of figures in 
the discussion, including Reil, who singled Humboldt's view out for spe
cific commentary. The thrust of Humboldt's contribution drew Lebenskraft 
into close proxinlity with the views to be developed a bit later in France by 
Xavier Bichat (1771-1802): life-force holds off the dissolution of organisms 
into ordinary physicochemical processes. 224 Looking back from the vantage 
of 1849, in his third edition of Ansichten der Natur, Humboldt characterized 
Lebenskraft as he understood it in 1793 as "the unknown cause that hinders 
the elements from following their original forces of movement."225 
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Humboldt's omnivorous scientific interests carried him from Gottingen 
to the Freiberg School of Mines and the pursuit of geognosy. He then ac
cepted a position as a mining official, under family pressure, chafing al
ready to undertake those faraway expeditions that would eventually make 
him world famous. Writing to Blumenbach, he assured his mentor that his 
new interest in geognosy had not quenched his concern with plant physiol
ogy, on which he continued to work.226 In the meantime, Humboldt became 
one of the earliest German scholars to take an interest in galvanism.227 He 
plunged into extensive experimentation in the field over 1794 and 1795-
some three thousand experiments on live and dead animals, a variety of 
metals and other materials, and even on himself.228 He even visited Volta 
in Como in August 1795.229 In 1795 and 1796 he reported his experimental 
results in a series of letters to Blumenbach at Gottingen, and in this mea
sure, he was part of the ongoing Gottingen discourse on life-forces.230 Like 
many of the other contributions to this Gottingen discourse, Humboldt's 
findings were published in the key Neues Journal der Physik edited by Gren 
in Halle.231 In these same years, Humboldt visited with Goethe and Schiller 
in Weimar and Jena, and he and his brother worked with the Jena anatomist 
Justus Christian Loder in a number of experiments.232 For Schiller's new 
journal, Die Horen, he provided a whimsical essay in 1795, offering a liter
ary parable on Lebenskraft: "Die Lebenskraft oder der rhodische Genius."233 
But by 1799, at the end of the second volume of his Versuche, Humboldt con
cluded that the concept of Lebenskraft had simply not been established.234 In 
1849 Humboldt explained that he had come gradually to abandon it in his 
own works, without, however, abandoning insistence upon the difference 
between living and nonliving matter.235 

There would be an ongoing, critical exchange of views between Plaff 
and Humboldt over the 1790s on questions of galvanism and Lebenskraft.236 

Their level of experimental and theoretical expertise set the standard for 
German research in the decade. Humboldt interrupted publication of the 
results of his extensive experiments in book form upon engaging with the 
work of Pfaff; indeed, it induced him to make extensive revisions of his own 
study.237 The first volume of Humboldt's Versuche iiber die gereizte Muskel
und Nervenfaser nebst Vennuthungen iiber den chemischen Process des Lebens in 
der "''hier- und Pjlannzenwelt appeared in 1797, and the second volume in 
1799.238 It was probably the most massive German experimental and tex
tual response to the galvanism controversy.239 But its very prolixity made 
it hard to digest.24° Karl Rothschuh saw Humboldt rambling in this work 
across many domains, contributing "in part to physics, in part to chemistry, 
and in part to physiology.''241 But the crucial point, in Rothschuh's estima-
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tion, was "that he unshakably stood fast against Volta in affirming the exis
tence of a galvanic fluid in animals.''242 As Maria Jean Trumpler sums up his 

· view, by the end of the first volume, Humboldt was certain that galvanism 
was "a phenomenon of irritation," while by the end of the second volume, 
he "had become convinced of the chemical nature of the Galvanic phenom

enon.''243 By the time the second volume appeared, in any event, Humboldt 
was off on his great expedition to South America and cut off from the on
going discourse of German life science for the better part of a decade. 244 

Heinrich Friedrich Link, another Blumenbach student, steeped as well in 
plant physiology, took up this same constellation of issues. 245 Like Pfaff, he 
set out from the proliferation of notions of life-force. In his classification he 
drew explicitly upon Kielmeyer's set of five, with one important exception: 
he replaced Kielmeyer's "reproductive force" with Bildungstriebe-in the 
plural (Blumenbach used only the singular for this concept).246 For Link it 

was crucial to grasp that a drive ('Trieb) was not a force (Krajt) in the physical 
sense but a "purposeful formation [zweckmi{Pige Bildung]."247 The opening 
essay of the second volume of his Beytrage zur Naturgeschichte endeavored 
to render terminology more rigorous. He criticized himself for an earlier 
publication in which he had not recognized the difference between a force 
and a drive, and he set about making careful discriminations between the 

physical sense of force-what induced motion-and the sorts of phenom
ena the various terms for life-forces aimed to capture.248 Thus, he was com
fortable with the idea that force had been used in the proper sense when 
it came to the stimulus and motor response in Hailer's original notion of 
muscular irritability or contractility. Still, it was impossible to achieve a 
mathematical formula for this mechanism, as was conventionally the case 

in physical mechanics. Hence, he concluded, it was perhaps better to con
strue the phenomenon more as a "faculty [Vermogen] than a force [Kraft]."249 
Alternatively, he suggested, the term "capacity [Fiihigkeit]" might be even 
more accurate. Even in the domain of irritability, Link noted two additional 
issues. First, external stimulus could trigger response that was both involun
tary (muscle contraction) and also sensitive (pain). What marked this differ
ence in physiological response?  Could simply dichotomizing these in terms 
of particular tissues, as Hailer had done, suffice? Second, there was the case 
of voluntary motion, in which internal-particularly mental-stimulus occa
sioned motor action. What made the body responsive to such interventions? 
Link was convinced that "force" could not make sense of that. 250 When he 
turned to "secretion" as a force, he was persuaded that chemistry could have 
some role, but he was clear that it had not been worked out as yet.251 

All this persuaded Link to divide life-force into two classes: one that 
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could never b e  assimilated to the current notion of physical force and an

other that might be, though it had not yet effectively been theorized. In the 

first class, Link placed not only the Bildungsvennogen, by virtue of their pur
posive character, but also sensibility, associated both with receptivity (Emp
.findungsflihigkeit), whereby the body transmitted impulses to consciousness 

(soul), and with voluntary motion (Reizungsvenniigen), whereby conscious
ness (soul) induced physical motion. Such communication between mind 
and body, what in philosophy had been termed "physical influx," lay 

beyond explanation in physical terms.252 In the second class Link placed 
all those life-forces that appeared to have some prospect of correlation with 
physicochemical explanation: the con tractility of muscle fibers, the impetus 

of the "propulsive force" whereby fluids were circulated through organic 

forms, and the chemical process of the "secretive force." None of these, he 
was clear, had received an adequate physicochemical account, but they were 

at least conceptually amenable to such an account. On the other hand, he 
warned, there was no reason to assume that one account would cover all the 
cases, that these life-forces could be reduced to a singular life-force.253 

Link became one of the foremost plant physiologists of his generation, 
and it is not surprising that he devoted particular attention to the question 
of the life-force in plants.254 He was altogether opposed to the notion

widespread in the late eighteenth century-that plants should be explained 

entirely mechanically, that is, excluded from the living world. 255 He insisted 
that plants were completely eligible for inclusion under the conception of 
Bildungstrieb, as, indeed, Blumenbach would have agreed.256 Moreover, he 
construed the "secretive" and "propulsive" forces as thoroughly consistent 
with plant physiology.257 He even considered aspects of motion in plants

for example, the turn toward sunlight and the closing of leaves or petals 
with nightfall-as potentially eligible for consideration in terms of "irrita
bility."258 But he drew the line at sensibility. For this, he argued, there was 

no evidence whatsoever. 259 

Most significant in Link's essay was the effort to take into account Kiel
meyer's pioneering extension of the relation of life-forces from the indi

vidual organism to the hierarchical array of all organismic form. Link rec

ognized the centrality of Kielmeyer's notion of compensation and believed 
it offered a "law of transformations [l)beJXange]," though one that would 
need careful modulation in terms of a complicating "law of multiplicity" 
when applied to actual cases.26° Considering each of the life-forces in turn, 
Link asked what correlations could be discerned between their presence 

or intensity in a class of organisms and the rank of that class in the hier-
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archy of living forms. Link had been one of the immediate reviewers of 
Kielmeyer's published address, and we can discern from his analysis here 
in his 1795 essay a thorough understanding of Kielmeyer's arguments and 
evidence. 261 That makes all the more important, in my view, the · degree to 
which Link confirmed the impulses in Kielmeyer's developmental history. 

Link concluded his essay with the question whether Bildungstriebe could 
be discerned in the inorganic world. After all, he observed, even in inor
ganic materials there appeared to be a "drive . . .  to take on determinate 
form."262 To keep some clarity in such considerations, Link argued, it was 
useful to enforce the distinction between regular form, which was fully de
monstrable in the inorganic world, and purposive form, which seemed to 
him distincdy organic. That, in his view, was the crucial insight in Blumen
bach's concept of Bildungstrieb. It might be useful for scholars who had dif
ficulties accepting this notion, he added, that Immanuel Kant had enthusi
astically endorsed it in 1790.263 As a conclusion, of sorts, he wrote: "True 
life-forces, life faculties, or life capacities, however one wants to label them, 
consist merely in the capacity of the material to form a living body, and in 
the relations of the body to the soul. . . .  Soul is that in which consciousness 
is grounded, which, were it also material, could nonetheless be satisfactorily 
distinguished from all other materials."264 

In an extended work, Joachim Brandis undertook to uphold the notion 
that all life-forces could indeed be integrated into a single one and clar
ified further by a consideration of the "phlogistic process of the organic 
machine!'265 Brandis had still another driving ambition in his monograph, 
namely, to dispute the notion that life-forces-indeed forces in all physics
should be conceptualized as material bodies: "whether it is appropriate to 
consider as real bodies [wurklich als Korper] several substances like light, 
electricity, magnetic force, etc!'266 The hypothesis of imponderable fluids 
as material bodies, he insisted, could not be experimentally confirmed.267 
Above all, he wished to dispute the notion of "nervous force" (variously, 
Nervenkraft, Nervensaft, Nervengeist) as the actual existence of a "subde fluid 
[jeiner Flii-ssigkeit]!'26s 

The locus of consideration of chemical physiology had to be at the level 
of the "simple fiber," Brandis contended, and this posed experimental prob
lems, since a single fiber was not observable as such.269 Even inorganic 
chemistry had to work by analogy from the macrolevel to the microlevel 
in reconstructing reactions. This fundamental methodological premise, that 
one could infer from the macrolevel to the microlevel, was a decisive compo
nent of the experimental Newtonian tradition, starting from Newton him-
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self. What Brandis contended was that this methodological practice entailed 
an inescapable epistemological uncertainty. Thus, the issue for science was 

to recognize the boundary between sound hypotheses and mere specula
tion.270 For Brandis, the ostensible materiality of imponderable fluids consti
tuted a cardinal instance. This had thoroughly compromised the conception 
of life-forces, in his view. The effort to relate organismic functions to physico

chemical laws had involved positing "mediating bodies [Mittelkihper]"-one 
might think of the "plastic nature" of Ralph Cudworth or the Archaeus of 
Jan Baptist van Helmont- but these were "utterly imperfect offspring of our 
phantasy [ganz unvolllwmmne Kinder unserer Phantasie]."271 The practice of 
multiplying entities in explanation had long since been debunked, Brandis 
maintained, and he wondered whether anyone really believed that gravity 

or magnetism could be explained as particles of matter, and even whether 
light or electricity could be. 272 Forces, in his view, were not material bodies 
but causal principles. 

It was this vantage he wished to bring to bear upon the problem of Leb
enskraft. Life entailed a force unlike any already established in the physical 
world.273 Thus, the concept really designated an unknown.274 Starting from 
his crucial argument about the immateriality of force (i.e., its nonparticulate 
nature), he argued that "this [life-]force acts immediately in organic matter 
[and] is not a consequence of the form of the matter, or its organization.''275 
This was a pivotal contention, for Brandis insisted that life-force created or
ganic matter out of inorganic fluids; it preceded organic matter and gave it 
its organization. 276 In doing so, this particular force modified or mitigated the 
physicochemical laws prevalent in the wider world, allowing a coherence 
in the organism that resisted dissolution into the inorganic.277 This was the 
significance of death, Brandis argued, taking up a line that was soon made 
famous by the French physiologist Bichat.278 The moment death took hold, 
organic bodies became fully subject to "fermentation [Gahrung]" and rot, 
but as long as life was present, these processes were held at bay.279 

Brandis believed that theories of a material (particulate) form for life
forces, however "subtle," did violence to this extraordinary phenomenon, 
rendering a "divine instrumentality [gottlichen Werkzeuge]" into a "hydraulic 
machine.''280 Stahl, Brandis noted, had already "brought forward the rele
vant reasons against the existence of a body that might be termed nervous 
spirit [Nervengeist].''281 To be sure, against Stahl, Hailer's arguments that the 
soul could not cause all animal motions were "irrefutable.''282 More recent 
discussions had simply struggled to fill the gap with another "imponder
able;' as we have seen in Medicus. A good summary of the issue, Bran-
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dis noted, was offered in the work of Plattner.283 Brandis urged that it was 
nonetheless possible to conceive of a single life-force that could account for 

all the distinctive phenomena in organisms that had occasioned the recent 
proliferation of specific forces in physiological theory. 284 The basic idea was 
simple: organisms responded to stimulation. Stimulus and response (Reiz 
and Reizbarkeit) were the essential elements, which had divergent effects 
depending on the specific form of tissue or organ involved.285 Even ner
vous action derived from the same process of stimulus/response discerned 

in muscle contractility, Brandis argued.286 The "purity" of the effect of life
force on tissue was thus a function of the "refinement" of the tissue in
volved, a matter of the levels of "perfection" in tissue organization that 
Brandis claimed he derived from Goethe. Thus, a flower was a more "re
fined" form than a leaf or a root, nerves were more "refined" than bones, 
and accordingly the action of the life-force would be more "perfect" in these 
more "refined" forms. 287 

The most interesting problem for Brandis was the explanation of Re
produktionskra.ft, in the sense of the restoration of tissue by organisms.288 

For him, this was keyed directly to the question of nutrition and metabo
lism in the augmentation of tissues. Brandis took this to be the core of the 
Bildungstrieb unique to living forms. He praised Blumenbach explicitly for 
two major contributions along this line.289 Brandis himself proposed that 
the whole matter could be construed in terms of a chemical process-that 
is, "phlogiston in the organic machine!'290 "It is thus an almost certain pre
sumption that in the living organic machine a similar phlogistic process 
takes place as in the burning of other bodies."291 It was to this hypothesis 
that he devoted the entire second half of his monograph.292 What Brandis 
aimed at, with somewhat more clarity than had Girtanner, was oxidation as 
a fundamental chemical process, not simply oxygen as an element, a material 
body, present in these reactions.293 For him there were two crucial issues to 
clarify.294 First, where did this "phlogistic process" take place? Brandis in
sisted it was in the tissues themselves, at the level of the simple fiber, rather 
than, as some physiologists had claimed, in the lungs or the circulatory sys
tem.295 Second, what was the mechanism involved? For Brandis, analysis of 
Reproduktionskra.ft made it "more than probable" that life-force really was 
electricity.296 Hence, he found Galvani's theory of "animal electricity" very 
promising for the prompt clarification of the life process. 

In his penetrating review of Brandis, Johann Christian Reil recognized 
both the creative contributions and the difficulties in the monograph. Reil 
"admire[d] the penetration with which the author claim[ed] that the phlo-
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gistic process takes place immediately in the solid parts [of the organism] 
themselves" and more generally "share[ d) the opinion of the author that in 

all solid and fluid parts of the body, and particularly in the solid parts, there 
are constantly ongoing changes in composition [Mischungsveriinderungen
chemical changes] that we c[ould] for the present call phlogistic processes."297 
However, Reil declared himself unconvinced about the argument for the 

singularity of life-force: ''A single principle as the immediate cause of this 
contraction seems to be an unnecessary assumption. It remains to be stud
ied what kinds of materials (whether carbon or oxygen, etc.) are involved 
in organic bodies in the actions that divide and unify their instrumentalities 
[Werkzeuge-organs or tissues, one presumes], where this takes place, and 
in what manner!'298 To be sure, Reil noted, Brandis had made an important 
contribution in insisting that the function of metabolism at the level of or
gans and tissues had not been sufficiently clarified. 299 But Brandis had gone 
too far in trying to collapse nerve response into the same class as muscle 
contraction. No such contraction could be observed in nerves or in the spi
nal cord or brain.300 Most fundamentally, Reil objected to the overarching 
claim that forces could not be material: "However: can matter not of itself, 
by virtue of its physical and chemical properties, in particular through its 
changes in composition [Mischungsveriinderungen], bring forth movement 
without an external and distinct cause?"301 Reil would build his own alter
native to the theory of Lebenskraft on precisely that foundation. 

Most scholars take Reil's extensive essay, Von der Lebenskraft, as the most 
important contribution to the discourse on vital forces of the decade of the 
1790s.302 As Lee Ann Hansen aptly characterizes his ambitions, "Reil in
tended in the Lebenskraft essay to apply [a] mixture of Kantian philosophy 

and antiphlogistic chemistry to the current debates over the nature of the 
vital force and Blumenbach's concept of Bildungstrieb or formative drive."303 
The terms Lebenskraft and Bildungstrieb became virtually synonymous in his 
usage, and thus, Reil inflated Blumenbach's "carefully limited concept . . .  
until it became the foundation of all manifestations of life."304 For Reil, Blu
menbach merely "drew a circle around a blank spot on the map of biology 
and gave this a scientifically usable name-Bildungstrieb!'305 Reil's treatment 
was part of a general dissemination of the term in German discourse of 
the 1790s, which became particularly vivid in the texts of Schelling and his 
followers.306 

The challenge for physiology as a research program was to find some co
herence in its methods compatible with the standards of"proper science [ei
gentiliche Wissenschajt]" that philosophy seemed to demand.307 In the open-



" A N  E N T I R E L Y N E W  E P O C H  O F  N A T U R A L  H I S T O R Y "  281 

ing dedication of his new journal, 1795, Reil put the matter plainly: "In fact, 
philosophy could do medicine a great service if it could put the concepts 
of physicians into good order, offer them efficient methods for investiga
tion, inform them on how to develop specific rules for establishing infer
ence from fact and general laws from individual observations, demonstrate 

to them the boundaries beyond which human inquiry dare not venture, and 
show them the way out of the realm of metaphysics by which they so read
ily stray back into the domain of physics!'308 This formulation bespeaks the 
general epistemological crisis of physiology and medicine of which Brigitte 
Lohff has given us a thorough reconstruction. 309 

Reil wanted to rescue physiology, and medicine in general, from dire 
quandaries.310 He assessed the state of physiology as dismal: "Among all 
the sciences, if we leave out anatomy, physiology has made the least pro
gress, and for the most part contains nothing other than a wasteland [Wust] 
of partly unfounded, partly senseless hypotheses!'311 The problem lay in the 
guiding orientation of the field: "we seek the foundation of animal phenom
ena in a supersensible substrate, in a soul, in a universal world spirit, in a 
life-force that we think of as inimaterial!'312 That is, living things were taken 
to be inexplicable by mechanism, or indeed, on any simply material basis, 
so a metaphysical supplement seemed indispensable. This was the convic
tion of the entire eighteenth century, contested only by materialists. But Reil 
challenged it. Using quite Baconian rhetoric, he denounced "fanciful con
jectures [Vernunfteleien] and hypotheses?' demanding instead "experiments 
in accordance with logical rules, through which discovered results could be 
used to derive general laws."313 The "backward state of physiology" needed 
to be overcome not so much by more clinical effectiveness as by a more co
herent methodological and theoretical framework, he asserted. 

Initially, Reil sought to ground his revisionist program for physiology 
in the "critical" epistemology of Kant.314 He picked up the attempt of his 
friend and mentor Marcus Herz "to merge the boundaries of physiology 
and Kantian philosophy."315 But "by the time the Critique of Judgment was 
published, in 1790, Herz and Kant had already drifted apart."316 Hansen 
makes the very appropriate point that "the Critique of Pure Reason yields 
a very different practical science than the Critique of Judgment."317 Herz 
showed no enthusiasm for the third Critique.318 For Herz, Kant's philosophy 
was not easily reconciled with physiological psychology, and his epistemol
ogy in fact created enormous obstacles for any scientific psychology at all. 319 
In his medical psychology Herz had already "shifted Kant's concepts from 
epistemological categories to psychological constructs!'320 Thus, Hansen 
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sees Herz very swiftly reduced to mouthing "familiar Kantian pieties" about 
"the limits of reason.''321 The more Herz, then Reil, sought to find empirical, 

medically grounded approaches to the brain and mind, the less they could 
keep faith with the essential tenets of "critical" philosophy. 

In short, Reil was invoking Kant's transcendental philosophy to es

tablish his empirical realism.322 He was interested only in blocking tran
scendent hypotheses, not in problematizing empirical findings. For Reil, 
the crucial point was to stick to the phenomenal/ empirical level: "I there

fore will consider the representations [Vorstellungen] in the natural science 

[Naturlehre] of animals as phenomena of their own sort and as forces in the 
chain of natural forces for which we have no experience of a further abso

lute ground.''323 There could be no place in such inquiry for spirit (Geist) in 
the traditional sense, whether as substance or soul. Philosophers had of
fered metaphysical posits, not experiential actualities. What Reil was reject
ing was animism: "Life force is in no way a force that animates matter, but 

simply the 'force of matter which characterizes the plant and animal king
dom.'"324 Reil advocated a program of relentless naturalism, indeed, materi
alism.325 In this exploration "physics and chemistry must be the torchbear
ers on the path of investigation.''326 The object of physiological inquiry, for 
Reil, should be to "achieve a better acquaintance with animal matter and 

with its various forces, relations, and modifications.''327 Thus, the "tenor of 

life-force [Stimmung der Lebenskraft]" is permeated by the material compo
nents of the organic being [organisches Wesen], and "a change of the mate

rials causes a change of all of its forces [eine Veriinderung der Materie verur
sacht eine Veranderung ihrer samtlichen Kriifte].''328 Reil proposed to reject 
the conventional sense of Lebenskraft, ironically, for the sake of a vital ma
terialism. As he wrote in his important review of Joachim Brandis, Versuch 
iiber die Lebenskraft (1795), "Cannot matter through itself alone, through its 
physical and chemical properties, especially through its alterations in com
bination, produce movement without a cause external and heterogeneous 

to itself?"329 "Naturlehre is the science of the properties of things in the 
phenomenal world and of the appearances that depend upon these prop
erties.''330 Reil aimed at a thoroughgoing materialization of the questions, 
taking Lebenskraft as "the meeting ground for mind and body" and hypoth
esizing that nerve physiology fell within the bailiwick of the "subtle fluids" 
of"experimental physics"-like magnetism and electricity.331 His real point 
was that Lebenskraft would be grasped rigorously in physiology only if it 
were grounded in Mischung und Form, that is, in chemistry.332 All in all, 
in a manner utterly un-Kantian, in Von der Lebenskraft Reil "abolishe.d the 
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distinction between the organic and the inorganic . . .  [and] included rea
son itself as an organic force; the highest force, it is true, but rooted in the 

chemical properties of matter like all the others!'333 
Kant himself made no comment on this heresy, but his epigones did. 

Perhaps the most extensive such critique came in Reil's own journal: Jo
hannes Kollner's massive "Priifung der neuesten Bemiihungen und Unter

suchungen in der Bestimmung der organischen Krafte, nach Grundsatze der 
kritischen Philosophie" (Examination of the most recent exertions and in
vestigations into the definition of organic forces according to the tenets of 
the critical philosophy).334 The fiercest critic of Reil on Kantian grounds 
turned out to be Friedrich Schelling! In Von der Weltseele (1798), Schelling 
attacked Reil explicitly: "it is the height of unphilosophy to maintain that 
life is a property of matter."335 Such hylozoism was utterly unbearable in 
a Kantian frame. As Schelling put it in his reproach to Reil, "matter is the 
product of life," the physical world was the expression of an immanent, 
self-actualizing spirit, and therefore, all nature was an organism articulat
ing this self-organization. Of course, what Schelling proposed was equally 
abominable to Kant: constitutive, rather than regulative, invocation of a "su
persensible substrate!'336 

At first, Reil would resist this solution; eventually, he got on board. In
deed, over the first decade of the nineteenth century, Reil converted to 
Schelling's Naturphilosophie, leaving Kantianism definitively in his wake. 
That is extremely significant for the reconstruction of the relationship 
between emergent biology and Naturphilosophie.337 Hansen claims: "In the 
years between 1795 and 1803 Reil moved steadily away from the Kantian 
program for physiology that he had proposed in the Lebenskraft essay, and 
in the direction of a full-blown reliance on Schelling's Naturphilosophie!'338 
This claim about the deviations of Reil from Kantianism has been contested 
by Reinhard Mocek.339 While Mocek may be correct that Reil took some
what longer to make the transition to Naturphilosophie-thus, not in 1802/3, 
as Hansen argues, but in 1807-the essential point is that Reil made that 
transition and, in doing so, exemplified a movement across all the medical 
sciences in Germany. The best evidence for that, as both Hansen and Mo
cek agree, is the development of Reil's key journal, Archiv for die Physiologie. 

Archiv for die Physiologie was the first specialized journal for physiology 
in Europe, signifying a moment of crystallization for the research field. Reil 
founded the journal in 1795 to advance the argument for the primacy of 
the "theoretical" in medical training, "redefining physiology's traditional 
concerns in terms of more fundamental questions about the general possi-
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bility of scientific knowledge."340 Especially after his appointment to a pres
tigious chair in medicine at the new University of Berlin in 1810, he became 

noted for his clinical commitment and his aspiration to keep all the medical 
sciences, including physiology, unified.341 In this, he stands as the exception 
to the historical rule I have tried to build about the crystallization of re

search identities in an emergent science of biology. While there is no ques

tion about his commitment to experimental natural science-and especially 
organic chemistry-as the foundation of medicine, it is also clear that he 
was deeply committed, as well, to clinical practice. Indeed, his central goal 

was to maintain the unity of these two commitments through reform of 
medical education at the university. And yet his actions in fact undermined 
these intentions, and he became a central figure in constituting physiology 

as a special research science after 1795· In this, Reil stands as a bookend to 

Georg Ernst Stahl. Both turned to experimental physiology to buttress clini
cal medical training, yet both ended up fomenting specialization in research 
in physiology that would lead to the calving of physiology from general 
medicine into a separate life science. 

Although he may have aimed to keep physiology and medicine together, 

Reil in fact helped bring the fracture of physiology from clinical medi
cine to full realization with his demand that the new physiology be able to 
ground itself in physics and especially chemistry.342 The idea for a journal 
and not a monograph, Thomas Broman suggests, lay in Reil's efforts to mo
bilize a community with a shared "research program in physiology" that 
would transform the medical profession by raising its scientific rigor.343 "It 
was precisely to find a new mooring for physiology that Reil founded the 
Archiv!'344 The backwardness of physiology would not be salvaged by more 

clinical research; it required a more coherent theoretical framework, he as

serted. "Reil attempted to place physiology at the base of a unified science of 
medicine."345 Many of the publications in the journal elaborated advances 
in experimental research without any particular concern for medical prac
tice. The content of the Archiv "attempted to advance Reil's program," and 

he "drew heavily upon dissertations [mainly written by his own students or 
by Reil himself for them] as a model."346 An early dissertation from 1794 
may well have been at the basis of Reil's own essay Von der Lebenskraft. Cer
tainly, the unfinished dissertation of his student D. von Madai, given promi

nent place in Archiv for die Physiologie, represented Reil's own further devel
opments of his chemically grounded theory of vital forces. 347 

But "the Archiv began to evolve in a direction quite distinct from the one 

envisioned by its founder!'348 By 1805 "the disintegration of Reil's program 
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for a unified science of medicine appeared complete."349 Instead, the Archiv 
proved to be a journal dedicated to the special research program of physiol

ogy, apart from medical application. "Physiology had indeed become a new 
science, though clearly not the one Reil had originally intended."350 After 
a two-year hiatus in the publication of the journal, caused by the Napole
onic invasions, this became even more explicit when, with a new coeditor, 
Johann Heinrich Autenrieth (1772-1835), a student and Tiibingen colleague 
of Kielmeyer's, the journal took on "a new program: morphology, the study 
of animal form.''351 That is, "the Archiv largely became a journal of anatomy 
and morphology.''352 For Broman of even greater significance is the fact that 
with this transition it was clear as well that "Naturphilosophie had arrived in 
the Archiv.''353 

After 1810 Broman recognizes the consolidation of "animal morphology 
as the research program of a self-conscious community of largely university
based researchers.''354 When Johann Friedrich Meckel the Younger took over 
Reil's Archiv for die Physiologie in 1815, renaming it Deutsches Archiv for die 
Physiologie, he made it the flagship for "the existence of a self-conscious dis
ciplinary community."355 That is, "the Deutsches Archiv invoked a community 
of scientists engaged with a common set of problems and, most importantly, 
a community of judges of each other's work . . .  [and] the qualifications for 
participation consisted of mastery of research practices and knowledge of 
the discipline's language and theoretical concerns.''356 Broman concludes: 
"During the next decade the links between physiology and other areas of 
medicine, and to the larger university environment, withered as German 
physiologists defined a set of problems internal to their own subject, and as
serted their right to do research without paying heed to its potential clinical 
ramifications.''357 Lynn Nyhart has drawn the appropriate conclusion in her 
aptly titled Biology Takes Form - a special science had emerged in Germany. 
What changed decisively was personal professional orientation: "by mid
century, medical students like Carl Gegenbauer, Ernst Haeckel and Emil 
Du Bois-Reymond could take an M.D. without seriously intending to make 
a career as practitioners.''358 They were research biologists, not practicing 
physicians. Biology had unequivocally become a discipline. 
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Polaritat und Steigerung: 
The Self-Organization of Nature 

and the Actualization of Life 

It is an old folly to believe that organization and life cannot be explained 

through natural principles. If that is as much as to say that the first origin of 

organic nature cannot be investigated physically, then this unproven claim ac

complishes nothing more than to crush the ambition of the researcher. 

S C H E L L I N G ,  17981 

There was a crucial intermediary between the deliberations over Lebenskraft 
and the impact of Schelling's Naturphilosophie on German life science: Jo
hann Wolfgang von Goethe. Goethe was a major figure in the constitution 
of German life science as a patron and personal interlocutor before 1817, the 
date at which a systematic body of his morphological writings began to be 
available to the public.2 Timothy Lenoir has written that when G. R. Trevi
ranus invoked the term "biology" for a new science in 1802, "he was in fact 
consciously synthesizing discussions that had been going on for at least a de
cade in Germany involving such persons as Johann Friedrich Blumenbach, 
Karl Friedrich Kielmeyer, Heinrich Friedrich Link, and the von Humboldt 
brothers. But one of the most distinguished eo-workers in this enterprise 
was . . .  Johann Wolfgang von Goethe.''3 In the incipient phases of a science, 
such discussions are not inconsiderable contributions. Thus, what we might 
call Goethe's oral culture of science proved inspiring and constitutive for the 
emergent life sciences. 4 I will try to reconstruct both what Goethe's sense 
of a biological science was in the 1790s and how it was transmitted to the 
practicing community of scientists. We can trace Goethe's impact in terms 
of his interactions with several key figures. The famous conversation with 
Friedrich Schiller of July 1794 and the subsequent discussions regarding 
Goethe's reception of Kant's third Critique provide the most obvious context. 
In addition, Goethe worked directly with the brothers Humboldt on various 
issues in natural science, especially around 1795.5 Over the 1790s, Goethe's 
contacts extended widely. He was in active correspondence with-among a 
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host of others-Merck, Blumenbach, and Soemmerring. For my purposes, 
Goethe's engagements with Kielmeyer and Schelling prove most important. 

Like others involved in the 1790s in the crucial shift from comparative 
anatomy to comparative physiology, Goethe was well aware of the episte
mological challenges of physiological inference from anatomical investiga
tions. Like Johann Christian Reil, from whom he received a personal copy 
of the journal issue of Archiv for die Physiologie of 1795 containing the key 
essay Von der Lebenskraft, he recognized that "it is easy to understand why 
physiology had to lag behind for so long and why it keeps lagging behind!'6 
Morphology was Goethe's paradigmatic answer to this epistemological chal
lenge. Gabrielle Bersier notes that he first coined the term in that context, 
on September 25, 1796/ 

That Goethe turned his thoughts "towards a new science of morphology;' 
Nicholas Boyle suggests, was at least "partly" the result of the "whirlwind 
passage of Alexander von Humboldt through Jena and Weimar, from March 
to May" of 1795, still "full of his most recent opus, a study of muscular irrita
bility based on 4,ooo experiments!' Goethe met with him almost daily inJena 
during March and then in Weimar in April. "Their conversations on elec
trical polarity were probably Goethe's first systematic introduction to [the] 
concept."8 With Humboldt, Goethe wrestled over the question of the coher
ence of inorganic and organic forces, with reference to Kant's Metaphysische 
Anfangsgriinde der Naturwissenschaft, and "before the combined authority of 
Kant and Humboldt Goethe . . .  consented to eliminate from his Morphology 
the inorganic sciences."9 This was the moment when Goethe began to com
pose "an essay, attempting to define the field of 'morphology' and its relation 
to the other sciences . . . .  It was to be one of the many 'servants' of that all
embracing science of life-here given the name 'physiology' -which did not 
yet exist, and perhaps could never be attained:no Humboldt was a congenial, 
as well as encyclopedic, discussion partner, with an insistently experimen
tal orientation. Indeed, Boyle maintains that Goethe "had more in common 
with Alexander von Humboldt than with Baader or Schelling!'11 With Hum
boldt, Goethe became caught up in the experimental frenzy at the University 
ofJena concerning galvanism and animal forces. From 1795 to 1797 Goethe 
not only spent a lot of time inJena but spent it on his morphological studies. 

J O H A N N  W O L F G A N G  V O N  G O E T H E  A N D  

T H E  E M E R G E N C E  O F  M O R P H O L O G Y  

Asked in the late 182os to reflect upon a panegyric to Nature that had re
cently come to light and seemed to be in his own hand, Goethe declared 
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that he could not recollect having written it (in fact, it was composed by 

Georg Christoph Tobler in the early 1780s), but he affirmed that he found 

the text to "reflect accurately the ideas to which my understanding had 
then attained.">2 That was the high tide of the Sturm und Drang, and as 
Goethe noted, the "tendency toward a form of pantheism" in the document 

tallied with his own Spinozistic views of the time.13 Goethe sought to in
troduce two important distances between his earlier sentiments and his 
current views in 1828. The first retraced the historical course of his own 

development. "During the years in which this essay probably falls I was 

largely occupied with comparative anatomy!' There followed his revelatory 
experiences during the journey to Italy, culminating in his elaboration of 
morphology. The second distance was the conceptual clarity with which he 

could now formulate that paradigm: "The missing capstone is the percep
tion of the two great driving forces in all nature: the concepts of polarity 
and intensification . . . •  Polarity is a state of constant attraction and repul
sion, while intensification is a state of ever-striving ascent!'14 The two con
cepts of Polaritiit and Steigerung have come down to us as the quintessence 
of Goethe's vision of morphology and, more than that, the fountainhead of 
much that we associate with Naturphilosophie. 

While he had ostensibly journeyed to Italy to renew himself as poet and 

artist, upon his return Goethe could scarcely take up any poetic project.15 

Instead, he wanted to pursue a different life course, as a natural scientist.I6 
"To Knebel, who of all his old acquaintances was the one now most con

cerned with the natural sciences, he wrote . . .  as he left for Silesia [in 1791] 
that he was 'beginning a new career . . .  my inclinations drive me more than 
ever into natural science!"17 Goethe had written to Charlotte von Stein from 
Italy on June 8, 1787: "I am very close to the secret of plant organization . . . .  

With this model and the knowledge how to use it one could go on forever 
inventing plants that would be consistent and would have an inner neces
sity and truth."18 Still earlier, on July 10, 1786, Goethe wrote to von Stein: "I 
am beginning to grow aware of the essential form with which, as it were, 
Nature always plays, and from which she produces her great variety."19 
Thus, Goethe had clearly arrived at a sophisticated conception-perhaps, 

visualization-of morphology in the course of his Italian experience. It ap
plied, of course, to the plant, but what was clear from his letters to von Stein 
was that he believed he had come upon a universal principle that extended 
"to all the realms of nature-the whole realm."20 His language of Urphiino
mene and cognate constructions throughout his later writings indicate that 
this model remained at the core of his thought. By the time he returned 
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from Italy, the terms "type" and "metamorphosis" dominated his writings 
not only on botany but on zoology.21 They would be complemented, espe

cially via his engagement with Schelling, by the notions of polarity (Polar
itilt) and intensification (Steigenmg).22 

Before we can take up his interactions with Schelling, we have to consider 

Goethe's interactions with Schiller and Kant. Goethe published his Versuch 
die Metamorphose der Ijlanzen zu erkliiren just weeks before Kant's Kritik der 
Urteilskraft appeared in 1790. He read Kant's book by October of that year, 
and Kant's work would preoccupy Goethe for some time thereafter. 23 His en
counter with Schiller came in the wake of a presentation at the Jena Natural 
History Society in July 1794· Both were put off by the particular presentation, 
which seemed too narrow and uninspired. 24 As they left the session together, 
they fell into conversation and Goethe announced he could have done a bet
ter job, offering to share with Schiller some conceptions he believed could 
considerably advance natural history. As Goethe recollected years later, he 
presented "a different approach" to scientific inquiry, "not . . .  concentrating 
on separate and isolated elements of nature but . . .  portraying it as alive and 
active, with its efforts directed from the whole to the parts!'25 It may well be 
that the language Goethe used here in retrospect was inflected by his engage
ment with Kant. But that would underestimate the persistence and depth of 
this insight in Goethe and its origins much earlier in his thought. In an essay 
composed in the context of the Pantheismusstreit of the later 178os, Goethe 
wrote: "The things we call the parts in every living being are so inseparable 
from the whole that they may be understood only in and with the whole."26 

When they reached Schiller's dwelling, the conversation continued. 
Goethe went on to sketch a "symbolic plant;' which represented the type 
for all possible plant development; that is, he laid out the theory he had 
published in his Versuch die Metamorphose der Ijlanzen zu erkliiren and, be
hind it, the idea that he had earlier called the Urpjlanze. It is important to 
note that Goethe sketched his "symbolic plant." While in Italy, he had been 

. instructed, by Peter Camper's son, regarding Camper's techniques of draw
ing the transformation of one vertebrate form into another-for example, 
of horse to man.27 This intense visualization of metamorphosis was cru
cial to Goethe as artist and as empirical scientist. It was something real that 
Goethe believed he was reconstructing, though that reality lay behind and 
between any actually existing instances. 28 Famously, Schiller insisted that 
what Goethe called an empirical observation was in fact a rational idea in 
the Kantian sense: "That is no experience, that is an idea!" Goethe was not 
amused, though he claimed to make light of it by saying he was delighted 
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that he could see ideas: "Then I may rejoice that I have ideas without know
ing it, and can even see them with my own eyes.''29 It was the beginning of 
an intense dialogue whereby Schiller gradually convinced Goethe to refor
mulate his insights in more Kantian language while Schiller himself came 
to appreciate the vivacity of Goethe's intuitive attunement to nature. 30 Schil

ler was close to the key circles at Jena propagating the philosophy of Kant, 
so that Goethe's discussions with him reverberated through wider circles 
at the University of JenaY There, of course, Goethe already had important 
interlocutors in anatomy (Loder), botany (Batsch), and geology (Voigt), to 
say nothing of his administrative presence in the university.32 It was, as 
Goethe recalled, "a long struggle" between "a cultivated Kantian" and his 
own "stubborn realism;' occasioning "the gradual development of my apti
tude for philosophy (insofar as such an aptitude lay in my nature).''33 That 
parenthetical qualification is crucial, because in fact Goethe did not-could 
not-assimilate Kant wholesale into his "nature.''34 The residual difference 
was decisive for his own thought and for the epoch. 

Goethe admitted that, up to the encounter with Schiller, "I had no sense 
for philosophy in the real meaning of the word.'' His encounter with Kant's 
Kritik der reinen Vernunft had been fruitless. He learned that he operated 
"with unconscious naivete; I truly believed that my eyes beheld what 
my mind thought true.''35 And "then the Critique of Judgment fell into my 

hands," delighting Goethe because in this work "products of art and nature 
were dealt with alike . . . .  The products of these two infinitely vast worlds 
were shown to exist for their own sake.'' Thus, "I was glad to find poetry 
and comparative science related so closely: both are subject to the same fac
ulty of judgment.'' Goethe now "found my most disparate interests brought 
together," occasioning a "wonderful period . . .  in my life.''36 The narrative 
here seems heartfelt, but the author was a master of irony, and we should 
not be too lulled by his ostensible enthusiasm. He gave fair warning: "oc
casionally something seemed to be missing" even if "the main ideas in the 
book were completely analogous to my earlier work and thought.''37 Anal
ogy, as Kant would be the first to point out, is not identity; it always entails 
difference.38 If, indeed, these ideas were "completely analogous," how could 
Goethe's earlier thought have labored under "unconscious naivete?" And, 
how, indeed, could he discern "something missing"? 

From his engagement with Kant, Goethe came away with a "passion
ate enthusias[m to] pursue my own paths."39 Notwithstanding his osten
sible conversion experience, "the what and how of my discoveries met with 
little approval among the Kantians." While "the Kantians . . .  listened to 
me, [they] were unable to respond or help in any way." Thus, "one or the 
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other of them would admit with a bemused smile: this is indeed an ana
logue to Kantian thought, but a peculiar one."40 Schiller must be counted 

among these reluctant Kantians with whom Goethe could never come to ac
cord. In his characterization of their famous conversation to his friend Jo
hann Daniel Falk, Goethe made that clear: "For really from the first moment 

of our acquaintance we were never able to come to a complete agreement 

about a single point."41 Goethe returned to Kant's text repeatedly, taking it 
up in his "peculiar" and "analogical" manner. "I slowly grew accustomed to 
a language which had been totally foreign to me . . .  [since] it encouraged a 

higher level of thinking about art and science."42 
Goethe was never completely converted to Kantianism, however fashion

ably he retooled his language, however firmly he allied himself with Schil

ler in the project ofWeimar Classicism. We need to recur to that "something 

missing." Goethe balked when "the philosopher . . .  asserts that no idea is 
fully congruent with experience.'' He elaborated, crucially: "Our intellect 
cannot think of something as united when the senses present it as separate, 
and thus the conflict between what is grasped as experience and what is 

formed as idea remains forever unresolved.''43 Goethe could not submit for 
long to such Kantian strictures, because "this difficulty in uniting idea and 
experience presents obstacles in all scientific research."44 

In another essay, Goethe brought his ironic sense to exegesis of the 
Kantian corpus: "In seeking to penetrate Kant's philosophy, . . .  I often got 
the impression that this good man had a roguishly ironic way of working: 
at times he seemed determined to put the narrowest limits on our ability 
to know things, and at times, with a casual gesture, he pointed beyond the 

limits he himself had set.''45 Registering Kant's distinction between the con
stitutive and the regulative, Goethe turned to the famous passage at §77 of 
the Kritik der Urteilskraft where Kant conjectured about the intellectus ar
chetypus.46 He understood the restrictive use Kant wished to make of the 
notion: "the author seems to point to divine reason.'' But Goethe argued 
that once the portal had been opened, even if only for our "practical use" 
in moral freedom, "why should it not also hold true in the intellectual area 
that through an intuitive perception of eternally creative nature we may 

become worthy of participating spiritually in its creative processes?"47 Fa
mously, Goethe claimed that, despite Kant's reservations, and inspired by 

Kant himself, "there was nothing further to prevent me from boldly em
barking on this 'adventure of reason.' "48 This is, in my view, a most dra
matic instance of the fundamental pattern of the 1790s (and beyond) in the 

reception of Kant: namely, that his warning was ignored and the possibili
ties that had provoked it became the driving concerns of the age.49 That set 
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the tone for what Goethe called "the most important period, the final decade 
of the [eighteenth] century;' when he shared the great post-Kantian adven

ture with "Fichte, Schelling, Hegel, the Humboldt brothers, and Schlegel!'50 

G O E T H E ' S  M O R P H O L O G I C A L P A RA D I G M  

One of the essential components of Goethe's thinking was the type, for which 
all actually existing instances of the organism were stricdy tokens, none of 
them attaining to every aspect of the type, yet each incontrovertibly identifi

able with it. This allowed Goethe to conceive of species as an empirical actu
ality behind and within every individual instance. 51 In this, Goethe embod
ied the impulse toward "objectivity" that Lorraine Daston and Peter Galison 

have discerned in the view of science that dominated the eighteenth and 

early nineteenth centuries, for which it was the goal of science not to note 
every idiosyncracy of the specific empirical observation but to see through 
the observation to the principle it expressed. 52 Goethe put it clearly: "Phe
nomena, which others of us may call facts, are certain and definite by 
nature, but often uncertain and fluctuating in appearance . . . .  There are 
many empirical fractions which must be discarded if we are to arrive at a 
pure, constant phenomenon . . .  [to] establish a type of ideal!'53 Thus, Goethe 
conceived the idea of simultaneity of form in the type. 54 ''After observing a 
certain degree of constancy and consistency in phenomena, I derive an em

pirical law from my observation and expect to find it in later phenomena."55 
A parallel insight, notably working from within aesthetics, is Kant's "aes

thetic normal idea," articulated in the first part of his third Critique. 56 Work
ing from such classic aesthetic models as "Myron's cow," Kant identified a 
capacity of the human mind to discriminate the typical and ideal form im

plicit in a myriad of instances, not via some extended mathematical com
putation reducing deviations to a mean, but as an immediate, complete, and 
compelling realization. This aspect of Kant, rather than Schiller's invocation 
of the Kantian rational idea-namely, that which exceeded in principle all in
tuitive schematization-better captures Goethe's insight. 57 Kant's "aesthetic 
normal idea" speaks both to Goethe's artistic practice and insight and to his 
notion of empirical practice in science as expressed in the notion of "aes
thetic intuition [anschauende Urteilskraft]!'58 The mind was active, for Goethe, 
but it was imaginative and interpretive, not simply discursive, as Kant con
ceived it.59 As Thomas Pfau concludes, "Goethe . . .  seeks to distill-not 
inftr-through a series of precise empirical observations and descriptions!'60 
That is the "delicate empiricism [zarte Empirie]" that Goethe advocated.61 
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"A natural process . . .  must be conceived of in idea as both simultaneous 
md sequential."62 Goethe was not concerned merely with synchronous or 

:imultaneous form but also and above all with sequential or developmental 
orm, expressed initially in his notion of metamorphosis. 63 For Goethe, it was 
1ever the particular manifestations, no matter how many one observed, that 
lefined a form but rather some principle behind these instantiations. He 

lrew a crucial distinction between the German term Gestalt, which meant 
or him a discrete, static shape, and Bildung, which always contained within 
ts connotative range not only form but the process of formation, a temporal
levelopmental course toward that form. 64 This teleology was immanent, not 
:xtemal. As Ronald Brady aptly summarizes: "The forms of a graded series 
1ave the peculiar property of appearing to be arrested stages-we might 
:all them 'snapshots' -of continuous 'movement."' Crucially, one must "be
:in . . .  study of the series from the progression itself rather than from a single 
orm."65 Any transient state is derivative, an "arrested stage" of what is a 
:ontinuous process of formation. Just as, synchronically, every instance ex
:mplified its type, so, diachronically, each momentary manifestation exem
llified its normal developmental path: the quest was for a principle or law 
1f developmental form. 

In the words of Dalia Nassar, "The archetypal plant is not a thing or 
l completed product, but productivity. Thus, it cannot be made equiva
ent with any one of its products!'66 In short, at its core we must recognize 
'the 'process' nature of Goethe's thought.''67 As Eckart Forster recapitulates 
}oethe's methodology, "we must follow a natural process completely, from 
1eginning to end. Second, this process must then be held together, as it 
vere, and viewed as a whole, as a single phenomenon.''68 As Goethe put it, 
'What higher synthesis is there than a living organism? Why would we sub
nit ourselves to the torments of anatomy, physiology, and psychology if not 
o reach some concept of the whole?"69 Forster articulates Goethe's insight 
hus: "I have to recreate in thought the formative forces that are active as it 
vere between the leaves. What matters are the transitions, the Ubergiinge, not 
o much the formed parts or products, and these transitions I experience 
mly in the observation of my own formative (nachbildend) thinking . . . .  
I]t can be experienced only in thought, in the mental participation of the 
ormative motions of the plant.''7° Forster cites Goethe's articulation: "When 
ve are able to survey an object in every detail [in all seinen '1eilen], grasp it 
:orrectly, and produce it again in our mind [im Geiste wieder hervorbringen 
:onnen], we can say that we intuit it in a real and higher sense [im eigentli
hen und hohern Sinne]!171 
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Goethe made plain that the sensibilities associated with the aesthetic had 
a crucial role to play in the imaginative and interpretive practice of em
pirical science. 72 He insisted: "if we would succeed, to some degree, to a liv
ing view of Nature, we must attempt to remain as active and as plastic as the 
example she sets for us.m3 As he wrote: "our full attention must be focused 
on the task of listening to nature to overhear the secret of her process.m4 In 
his famous reflection on the influence of Kant, Goethe summed all this up 
pointedly: "In the end, the phenomena must form a series, or rather, over
lap; thus they give the scientist a picture of some organization by which 
the inner life of the phenomenon become[s] manifest as a whole!'75 This is 
simply to transgress Kant's transcendental strictures on human knowledge, 
and Goethe knew that. It is similarly to transgress the Kant-inspired insis
tence that "proper" scientific knowledge must proceed from parts to whole, 
in unidirectional temporality, the core maxim of mechanism.76 

In Goethe's approach to life science two crucial notions converged: form 
or structure (Eau) and design or telos (Plan). The paradigm that Goethe pro
pounded to his age, morphology, was the empirical science of reconstructing
from observations and integration through and beyond observations-the Eau
plan, the principle behind the development in actual organic life-forms. 77 
The essential point about life-forms, for Goethe, was their developmental 
directionality. This was lawful, but it was concrete. Each instantiation was 
unique yet utterly expressive of its type. Moreover, the developmental plan 
could itself change, altering the course of the whole sequence.78 In this, bio
logical regularities showed a decisive divergence from inorganic, physical 
regularities. Life changed its expressions; physical matter simply reiterated 
its manifestations with ceaseless uniformity. 79 

Inspired by Kant's positive notice of Blumenbach in the Kritik der Urteil
skraft, Goethe returned to Blumenbach's work with new interest and through 
him came upon the whole line of argument about life-forces I have traced: 
"I discovered that Caspar Friedrich Wolff formed a link between Hailer and 
Bonnet on one side and Blumenbach on the other!'80 Goethe immediately 
criticized the "materialism" ofWolff's vis essentialis. "This type of terminol
ogy proved untenable," he wrote. "Basically the word 'force' means some
thing purely physical, even mechanical!' That led him to contend (rather 
uncritically) that Blumenbach had "achieved the ultimate refinement" in 
"anthropomorphiz[ing] the phrasing" by substituting "l'rieb for Kraft. 81 For 
Goethe, neither the entrenched school of"evolution" (preformation) nor the 
increasingly assertive school of "epigenesis" had an adequate model for or
ganismic development. 82 "I will go so far as to assert . . .  we cannot grasp 
the unity and freedom of [an organism's] formative impulse [Eildungstrieb] 
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without the concept of metamorphosis."83 From the epigenesists, Goethe 
embraced the notion of developmental change. From the preformationists, 
he embraced the notion of lawful regularity. Morphology was intended by 
Goethe as what in Hegelian terms we might call an Aujhebung, a dialecti
cal synthesis: the discernment of the lawful principle of formation that lay 
behind-constraining as much as enabling-the creative change of actual 

developmental paths in organic life. "Morphology should comprise the doc
trine of the form and of the formation and transformation of organisms," 
or as he put it in the manuscript version, "morphology is mainly concerned 
with organic forms, their differences, their formation and transformation."84 

Given that there were developmental regularities in the ontogeny of each 
individual organism that bespoke its species type, this insight could be ex
tended, crucially, to the discernment that there were developmental regular
ities across species types. Here Goethe's thought converged with that of Kiel
meyer, perhaps drawing on their common source in Herder and, beyond 
Herder, Buffon. 85 Such developmental regularities, it should be noted, did 
not, for Goethe or for most morphologists in his wake, entail explicitly the 
historical descent of one species from another, which the age termed "trans
formism!'86 Yet it would be doctrinaire to deny that there was-starting in 
Buffon, and much more energetically in Herder and Kielmeyer-a propensity 
toward historicization, in which sequence suggested genetic succession. 87 
The "daring adventure of reason" that Kant had described in his Kritik der 
Urteilskra.ft, and that Goethe embraced notwithstanding Kant's reservations, 
had been couched in explicitly historical-genetic terms. 88 

G O E T H E  A N D  K I E L M E Y E R  

Very shortly after Kiemeyer's address was published in 1793, it came into 
Goethe's hands. Kielmeyer's thought remained very vivid in Goethe's con
sciousness, so that when the occasion presented itself some six years later 

. in the course of a trip to Switzerland, Goethe stopped to visit with Kiel
meyer in Tiibingen. His diary entry describing their conversation, while 
compressed, is very indicative: 

Tiibingen, the 10th September 1797: Early with Professor Kielmeyer, who vis

ited with me, [went over] various topics concerning anatomy and physiology 

of organic nature. His program in relation to his lectures will very soon be in 

print. He laid several ideas out for me, concerning how he is inclined to con

nect the laws of organic nature to general physical laws, for example, polarity, 

the interactive tenor [Stimmung] and correlation of extremes, the power of dif

fusion of expansive fluids . . . .  

--
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Concerning the idea that in their development higher organic natures have 
advanced several stages, leaving the others behind. Concerning the important 

consideration of . . .  simultaneous and successive development. 89 

The themes of this conversation touched upon crucial issues that were gal
vanizing the life sciences in the 1790s, and what became obvious through 
this brief encounter was a striking convergence of views. Goethe had been 
working for some time on his own ideas of type and metamorphosis with 
regard to both plants and vertebrates, and even earlier he had digested the 
implications of stratigraphical geology and paleontology. He could see the 
full implications of Kielmeyer's sketch, and like the rest of Germany, he was 
eager for the monograph in which Kielmeyer promised to flesh out his 
schemes. When that did not emerge, Goethe prevailed upon Kielmeyer to 
provide him with two personally annotated copies of student lecture notes 
from his zoology courses. Goethe returned to Kielmeyer's address in 1806 
for a new reading, as he was preparing a comprehensive account of mor
phology with a view to publication.90 He returned to Kielmeyer's lecture 
notes in 1813, as once again he prepared to publish his morphological para
digm.91 Thus, Goethe fully recognized the epochal character of Kielmeyer's 
work and its dramatic convergence with his own. 

Bersier suggests an even stronger case. She argues that Kielmeyer's ad
dress of 1793 occasioned a "turning point in Goethe's scientific develop
ment!'92 She elaborates: "The impact of Kielmeyer's physiological model on 
Goethe's scientific approach can best be ascertained if one juxtaposes his 
osteological essay comparing human and animal form written in 1790-91 

with the works on comparative anatomy composed in 1795-9 6  and pub
lished in the morphological notebooks of 1820!'93 She maintains that "in 
the post-Kielmeyer essays . . .  attention shifts from a structural to a morpho
logical viewpoint, from the apparent bone shape to the inner physiological 
functions revealed through anatomical forms!'94 Goethe himself retrospec
tively attached great significance to the year 1795: "That year I hardly lost 
sight of anatomy and physiology!'95 

G O E T H E  A N D  S C H E L L I N G :  G O E T H E ' S  

P AT R O N A G E  A N D  P A RT I C I P A T I O N  

Goethe made systematic breakthroughs in his paradigm of morphology in 
1795-96, many of which he discussed with Kielmeyer in September 1797. 
Nevertheless, he published none of the key papers at the time. He was still 
deeply troubled by his lack of reception by the professional scientific corn-
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munity, but he never gave up wanting to convey his new vision for science, 
and he decided to reach out to a wider public via a genre in which he felt 
unquestioned competence, poetry. That led him to consider the question of 
how to convey theory in poetry, the generic issue of "didactic" poetry. 

The grand exemplar of such poetry was the ancient work of Lucretius, 
De rerum natura. This poem was not just a formal model, however, for it 
contained the sort of comprehensive natural philosophy- cosmogony and 
theory of emergent life - that Goethe wanted to reformulate in modern 
terms.96 Of course, Lucretius was associated with materialism, and the 
French celebration of this connection made the German reception prob
lematic. "Interest in the poem in Germany did not reach its height until the 
last two decades of the [eighteenth] century!'97 Kant, for example, went to 
great lengths in the introduction to his Allgemeine Naturgeschichte (1755) to 
distance himself from such materialism. 98 He still repudiated it, explicitly, 
in his Kritik der Urteilskraft of 1790.99 By contrast, not surprisingly, Herder 
found it attractive.100 Goethe himself made no secret, in the late 178os, of 
his sympathies for Lucretius and Spinoza, even if the sort of materialism 
that attracted him was of a more vitalistic turn, as in Herder, and not the 
dreary form he discerned in d'Holbach.101 Thus, Lucretius became a central 
concern for Goethe in the last years of the century, especially since his close 
friend Karl Ludwig von Knebel was involved in the first full poetic transla
tion of Lucretius into German.102 Goethe "constantly discussed Lucretius" 
with Knebel in these years.103 

The question remained: was didactic poetry possible in the modern age, 
and could it carry the burden of modern scientific ideas? The possibilities of 
didactic poetry became a major theoretical topic in his discussions of poetic 
artifice with Schiller, who expressed considerable reservations about the 
strength and flexibility of didactic poetry in the modern age.104 Both were 
profoundly dissatisfied with Erasmus Darwin's efforts along these lines.105 
While Schiller did not rule it out altogether, he posed sufficient formal con-

. cerns, and Knebel was experiencing sufficient actual difficulties in his Lu
cretius project, that Goethe had to recognize that the challenge was formi
dable. His initial poetic recourse was to a genre that he had already used 
effectively, the elegy.106 He formulated the key doctrines of his Versuch die 
Metamorphose der Iflanzen zu erkliiren in an elegy, incorporating all the key 
ideas of his morphological theory of plant formation into a love poem.107 It 
was composed in June 1798 as his first experiment in didactic verse for the 
sake of his new vision of science. As poetry it proved more welcome than 
his essay had, though not among professional naturalists. 

That was not, however, his last or grandest endeavor. Much earlier, when 
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he first began to study earth science, Goethe came up with the notion of com
posing a "novel about the history of earth [Roman iiber das Weltal/] !'108 The 
notion of a "novel" was itself ironic, for, as he well knew, the term "novel 
[Roman]" had been used disparagingly against Buffon's great work, Epoques 
de la nature (1779), and more generally against any theoretical system
thinking.109 To turn the tables on such shortsighted resistance to new ideas 
and present this material explicitly in a novel would be a suitable rejoinder, 
Goethe believed at the time.U0 He did not stay with that project very long, 
but his ideas for a grand literary synthesis as well as his sentiments against 
leaden scientific reception lingered. The new circumstances of the 1790s 
rekindled both Goethe's ambition and his animus. The result was his deci
sion to undertake a didactic poem on the model of Lucretius to put forth his 
vision of a modern science, especially his morphology. As Nisbet contends, 
we can take his draft poem, Metamorphose der"Jieren (1799?), as a component 
of this larger project of a Lucretian poem for the modern age. m While the 
large project quickly came to naught, Goethe's various drafts and fragments 
eventuated much later in a very important collection of his poems, Gott und 
Welt (1821-22).112 

Strikingly, it was in immediate proximity to Goethe's composition of his 
elegy Metamorphose der Pjlanzen, and in the context of Goethe's efforts to 
organize resources for the larger project, that Goethe received Schelling's 
new work, Von der Weltseele (1798), and they met for the first time. Their first 
meeting was highly orchestrated: "it was thanks to the effective staging of 
[Schelling's Wiirttemberg] countrymen Schiller and Niethammer that a per
sonal meeting was arranged in Jena on May 28, 1798, at Schiller's home!'113 
Schelling had earlier hoped that with the publication Ideen zu einer Philoso
phie der Natur (1797), he would win Goethe's attention and an appointment 
to the University of Jena, but Goethe had his reservations about the book, 
which seemed to him too much caught up in transcendental philosophy, 
and not open enough to the objective grandeur of nature.114 In his new 
work, Von der Weltseele, Schelling made a decided effort to address himself to 
Goethe's concerns with life science and even to cite from Goethe's Versuch 
die Metamorphose der Pjlanzen zu erkliiren with approval. None of this was 
lost on Goethe. Still, at the meeting he wanted to test Schelling not just for 
his philosophical tenor but also for his politics. In the light of the fiasco over 
Johann Fichte (1762-1814), the last thing Goethe wanted at Jena was an
other "sans-culotte spouter [Sansculotten "Journure]!' He was pleased to find 
the young man "a very clear, energetic mind, organized according to the 
latest fashion."115 As a final initiation rite, Goethe invited Schelling to par-
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ticipate over the next several days in his optical experiments, and Schelling 
demonstrated the appropriate enthusiasm for Goethe's calor theory and 

the equally important skepticism toward Newton.116 Goethe reversed him
self and recommended Schelling's appointment to Jena, which went for
ward without a hitch.117 Strikingly, in his recommendation of Schelling for 
a position atjena in his letter to Car! Voigt, Goethe expressed the hope that 

Schelling "would be introduced to experience and experimentation and an 
assiduous study of nature," that is, weaned away from whatever residual 
"transcendental philosophy" he still carried with him.118 

Goethe sat down and read Schelling's Von der Weltseele on June 7-8, 
1798.119 Less than two weeks later (June 17-18), Goethe composed his el
egy.120 For the next two years, 1799-1800, their dialogue was intense and 
fruitful. Goethe read the Erster Entwurf eines Systems der Naturphilosophie 
(1799) in page proofs and helped Schelling revise the Einleitung zu dem 
Entwurf eines Systems der Naturphilosophie (1799), the bases for Schelling's 
course offerings at Jena and the defining texts of German Naturphilosophie. 
"In the fall of 1799 Goethe and Schelling met every day for a week, to go 
through and edit what came to be Schelling's most path-breaking work!ll21 
Schelling himself noted he was at Goethe's place "daily and had to read 
and work through my text on the philosophy of nature with him. What a 
growth of ideas these conversations were for me!'122 Goethe and Schelling 
reinforced each other in the development of their respective viewpoints. 
From the exchange each gained clarity and intensity of articulation.123 

Many scholars, including most recently Dalia Nassar, believe there is 
a sharp break between Schelling's writings prior to his encounter with 
Goethe and after it, thus between the Weltseele text of 1798 and the Er
ster Entwurf and Einleitung of 1799· The key difference was in the theory 
of a self-fashioning nature, which Nassar argues Schelling derived from 
Goethe's notions of metamorphosis.124 Thus, Nassar concludes: "The most 
significant difference in Schelling's conception of nature in the Einleitung 
is that nature is a self-producing organic whole. This means that nature has 
within itself a capacity which Schelling had previously only identified with 
the self. Radically, this implies that self-production is not limited to a self
conscious being-self-production is no longer identified with the act of re
flection.m25 The transfer of agency from the mind to nature as well-and in
deed more fundamentally-was the driving impulse in Naturphilosophie.126 
Nassar is arguing that Schelling got this notion from Goethe. They shared 
what was ultimately an ontological intuition: "Schelling, like Goethe, argues 
that metamorphosis is not simply a description of nature's development, but 
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the very source or ground of nature, the archetype that underlies and con
stitutes nature's parts and their relations!n27 

Their period of maximal association (1799-1800) embraced Goethe's 

project of a modern Lucretian epic of nature. Goethe invited Schelling to 
join him in this very project, and when Goethe gave up on it, in 18oo, he 
explicitly transferred it to Schelling.128 If we are to find the point of in

flection between Goethe's project and that of Schelling with Naturphiloso
phie, this might be the most pertinent locus. In 1901 Margarethe Plath al
ready discerned this and, behind it, what drew the two figures together: "If 

we consider . . .  Goethe's God and World and the writings of Schelling on 
Naturphilosophie, it would appear that the foundation of the world concep
tion of both men found its classic expression in that poetic form of Spi

nozism that Herder, under the influence of Leibniz, created in his God and 

in the Ideas for a Philosophy of the History of Mankind!n29 Up to their meeting, 
Plath contends, Schelling did not draw that directly on Goethe's ideas in the 

formation of his vision of world order. Rather, they shared a set of common 
sources, most prominently, as she noted, Herder, but including Bruno, Spi
noza, Hemsterhuis, Kielmeyer-"ultimately the whole natural-scientific
philosophical current" of the age.130 What all these figures shared, with 

Herder at the forefront, was a rejection of Haller's interdict: "No created 
spirit can penetrate into the interior of nature!n31 Goethe would compose 

a poem for his crucial collection Gott und Welt (1820) contesting this idea: 

"Into the interior of nature" -oh, you philistine! 

"No created spirit can penetrate" 

"Happy he who can know the mere outer shell!" 

I've heard that repeated for sixty years now.132 

His deepest conviction was that nature hid no secrets from a trained sen
sibility. 

Kant had drawn similarly sharp boundaries for natural inquiry, not un
like Hailer. But Herder transgressed them inveterately. What Herder con
veyed to Goethe and to Schelling (and, indeed, to Kielmeyer) was that 

"life, which for Kant represented an inexplicable boundary concept for a 

mechanistic explanation of nature, became the central concept of the uni
verse!n33 All these figures adopted Herder's intuition that the forces in the 
physical world were all expressions of one organizing force, one integrat
ing principle. "The whole of Nature should be regarded as a self-sustaining 
organism-even though that would be a totalizing step of precisely the kind 
which Kant's critical philosophy was designed to prohibit-a single, univer

sal spiritual principle or 'world soul."Jl34 Kant repudiated this notion with 
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a vengeance.135 Thus, we must reckon that what drew Goethe and Schelling 
together was that "something missing" in Kant, something that Herder

especially via Kielmeyer-made central to the agenda of the epoch. Here 

lie some of the grounds for arguing that Herder must be taken to be as im
portant as Kant in shaping the scientific horizon of 18oo. Notwithstand

ing Schelling's deliberate suppression of the influence of Herder for the 

sake of authenticating his own "Kantianism," o�y these two streams from 
Kant and Herder combined could feed the enormous intellectual surge of 
Naturphilosophie in both its speculative and its empirical expression.136 

As with Kielmeyer, and with hints already even in Herder, magnetism 
seemed to Goethe and to Schelling the most likely candidate for the primal 
principle in the natural world. Schelling had stressed magnetism and po

larity in his 1797 work, Ideen.137 Goethe began magnetic experiments in the 

wake of reading that work. The day before he began composing his elegy, 
Goethe wrote to Knebel about his hopes for writing "a poem concerning 

magnetic force.''138 Magnetism would henceforth constitute for him "an ur

phenomenon which one need only articulate to explicate it; thus it becomes 
the symbol for all else."'39 In the summer of 1798 Kielmeyer's student Karl 
von Eschenmayer (1768-185'2) published a text entitled Versuch, die Gesetze 
magnetischer Erscheinungen aus Siitzen der Naturmetaphysik, mithin a priori 
zu entwickeln. This would be one of the texts upon which Schelling would 

draw for his own Naturphilosophie and, with Eschenmayer and others, build 
it into a movement. The text came to the attention of Goethe almost imme
diately upon its publication.140 What attracted all these thinkers to magne

tism was its essentially polar structure. Polarity had its literal seat, they be

lieved, in magnetism. That made magnetism the Urphiinomen, from which 
polarity extended by analogy into such realms as electricity, chemistry, or

ganic formation, and sexuality. What is most striking about this intuition 
about magnetism and polarity as the Urphiinomen is that it seemed thor
oughly compatible with the utterly metaphysical conviction that the natural 
world had to be grasped as alive, that is, as agential and creative, and in just 

that sense spirit, not just inert matter.141 The link concept was .force.142 The 
key shift was from product to process: from natura naturata to natura natur
ans. Spinozism, in Herder's vitalist reformulation, galvanized the age. 

S C H E L L I N G  A N D  NA 'i U R P H I L O S O PH I E  

Friedrich Schelling was a philosophical prodigy, leaping to the forefront of 
German Idealism while still a student to become Johann Fichte's foremost 

disciple.143 Yet almost as swiftly, he went beyond Fichte to pursue his own 

-
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system building, demonstrating a mercurial character that persisted across 
his entire career. Schelling hopped from system to system with a half
life scarcely exceeding a half-decade. Thus, his monumental impact upon 
Naturphilosophie, a position that is all but identified with his name, came in 
a very brief interval in his meteoric career, spanning the years 1797-1806. 

By that last year, he had become exasperated with the idea, and he disen
gaged from it entirely, plunging first into philosophy of art, then surging on 
to philosophy of religion.144 Thus, we need to assess both the enormous en
thusiasm and the evanescence of Schelling's engagement with Naturphiloso
phie in these years, and why it struck such a powerful resonance in his age. 

When Schelling published the first edition of his Ideas for a Philosophy 
of Nature in 1797, two crucial motivations appeared to drive him, as he af

firmed explicidy in the second edition of 1803.145 Not only did he propose to 
engage philosophically with the latest developments in the empirical natural 
sciences, but he also proposed to move beyond Kant's positions on the phi
losophy of natural science.I46 The need for a system of nature was ineluc
table in human cognition: "to explain this necessity is a major problem of 
all philosophy!'147 Kant had made similar claims: first, in the "Transcenden
tal Dialectic" of the Kritik der reinen Vernunft, concerning the need of reason 
to achieve systematicity as a regulative ideal; then, in the Kritik der Urteils
kraft, concerning the need of empirical inquiry to establish a system of co
herent laws as a matter of reflective judgment.148 While Kant presented dle 
first need as an authoritative mandate of reason, the second need appeared 
more as a requisite psychological reassurance to sustain inquiry faced widl 
dle inscrutability of the natural world.149 In any event, Kant made clear dlat 
philosophy had a role vis-a-vis natural-scientific inquiry: the role of foster
ing, guiding, and evaluating the actual practice of that inquiry.150 But it was 
clear to Kant and equally to Schelling that philosophy could not replace dlat 
empirical inquiry. Allegedly, Schelling disregarded empirical science to con
coct "deductive" science from his armchair. In fact, he undertook extensive 
surveys of dle latest scientific work in all his books on Naturphilosophie.151 
He was explicit, moreover, that Naturphilosophie was intended to comple
ment empirical science, and he expressed enormous respect for experimen
tal research, maintaining that all knowledge arose initially dlrough experi
ence. Schelling observed: "the philosophy of nature has nothing further to 
do than recognize the unconditionally empirical. . . .  Empiricism extended 
to include unconditionedness is precisely philosophy of nature!'152 

There was more than epistemology in the Kantian impulse. His Metaphy
sische Anfangsg;rUnde der Naturwissenschaft had provided not simply Kant's 
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conception of"proper'' science but an innovative physical theory-a dynamic, 
as opposed to atomistic, theory of matter and force.153 This (quasi-empirical) 

theory of the "movable in space" in terms of attractive and repulsive 

forces captured the interest of naturalists in fields from rational mechan
ics through chemistry to physiology, as well as occasioning Schelling's own 
construction of"speculative physics;' or Naturphilosophie. Almost all the in

teresting work on galvanism in the 1790s in qermany made use of Kant's 
"dynamic theory of matter" in trying to establish physical, chemical, and 
physiological facts about electricity. A dynamic approach offered the pros
pect for a theory of chemical bonding, either as elective affinity or more 

concretely as oxidation, and even for conceiving physiological forces or 
drives. This swiftly extended to magnetism, which seemed to many the most 

concrete-because intrinsically polar-phenomenon of nature, hence the 

potential ground or model for all the rest.154 Ultimately, the dynamic ap

proach might even achieve a unified theory of nature. For the most auda
cious researchers, and a fortiori for Schelling as a philosopher concerned 

primarily with this universal level, the issue was whether Kant's critical phi
losophy could accommodate these ambitions.155 

While not replacing empirical science, "a philosophy of nature ought to 
deduce the possibility of Nature, that is of the all-inclusive world of expe

rience, from first principles;' Schelling affirmed.156 Philosophy derived its 
ultimate warrant to undertake this grounding enterprise because empirical 
inquiry by itself could never "explain the possibility of a world system!'157 
One could never achieve a whole by the aggregation of particulars through 
the enterprise of induction.158 Instead, systemic unity had to be prior in 
the transcendental sense.159 Yet Schelling was not satisfied with Kant's solu
tion, the so-called "Copernican Revolution," for in his view all that Kant 
had achieved across the whole trajectory of the critical system was to af
firm a subjective necessity for coherence or systematicity, one exclusively for 
the subject.160 But what natural science aspired to, what human knowledge 
needed, was to find objective necessity in the order of nature.161 To Kant's sub
jective coherence (and Fichte's in his wake), Schelling insisted there needed 

to be added an objective coherence, and he pointed with boldness to the 

"dogmatic" metaphysicians whom Kantians believed they had forever over
thrown: Spinoza and Leibniz.162 

As Schelling saw it, Kant made the valid point, in the Kritik der Urteils
kraft, that "organization as such [i.e., purposiveness] is conceivable only in 

relation to a mind!'163 Yet Kant also recognized that the purposiveness of 
organisms was intrinsic.164 That was the dilemma in which Kant left the 
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prospect not only o f  understanding organisms but of developing a unified 
order of nature.165 To resolve it, Schelling argued, philosophy had to go 

beyond Kant's "regulative" approach and retrieve an insight that Leibniz 

had already achieved: "I cannot think otherwise than that Leibniz under
stood by substantial form a mind inhering in and regulating the organized 

being!'166 Thus, in a sense radically different from Kant's, for Leibniz, too, 

"a concept lies at the basis of every organization."167 Leibniz found a bridge 
across the divide between organic and inorganic nature that blocked Kant 
and all the other mechanistic philosophers of science. For Leibniz, "even in 

mere organized matter there is life, but a life of a more restricted kind."168 

Hence, Schelling asserted, "the time has come when his philosophy can 
be re-established."169 That required abandoning the mechanistic natural 

science to which Kant remained committed. "Mechanism alone is far from 

being what constitutes Nature. For as soon as we enter the realm of organic 
nature, all mechanical linkage of cause and effect ceases for us . . . .  The or
ganic . . .  produces itself, arises out of itselft'17° Kant was correct: "the origin 
of an organism, as such, can no more be explained mechanistically than 
the origin of matter itself!'171 But where Kant balked, Schelling resolved to 

carry forward. 
From the marvel of particular organisms, Kant himself had been "re

flectively" drawn to the judgment that all of nature needed to be thought 

purposive, as a "''echnik der Natur on the model of intelligent design, though 
without literally divine creation.172 Schelling now urged that Kant had come 
to the threshold of the philosophical thought par excellence, without which 

neither transcendental philosophy nor empirical natural science could es
tablish systemic coherence: "Nature should be Mind made visible, Mind the 

invisible Nature . . .  [yielding] absolute identity of Mind in us and Nature 

outside us.m73 This was Schelling's great claim. "The system of Nature is at 
the same time the system of our mind . . . .  But this system does not yet 
exist.''174 Spinoza had conceived the former system (as substance); Kant 
(and Fichte) had conceived the latter system (as subject). What remained 

was to bring them to synthesis. This was Schelling's project. 
In his specific articulation of Naturphilosophie, Schelling's aim was "to 

reintegrate the transcendental 'I' into nature, to take it outside its self

sufficient noumenal realm and to show how its reason is the expression 
and manifestation of the rationality inherent in nature itself.''175 That is, his 
"Naturphilosophie attempted to know the fundamental forces of nature, the 
infinite productive powers of Spinoza's natura naturans.m76 Schelling of
fered "a synthesis of the vitalism of Leibniz with the monism of Spinoza.''177 
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But his emphasis on dynamism transcended even their fixation upon sub
stance. "A substance or thing is never as basic as an activity because it is 
only the result or product of it!' In his full-blown Naturphilosophie, Schelling 
conceived of all nature as one living organism, a vast continuum of vari
ously developed levels of organization and forces. But, "strictly speaking, . . .  
nature is not even an organism, since that would be again only the product 
of its activity (natura naturata). Instead, natur� is nothing less than living 
activity or productivity itself (natura naturans)."'78 Thus, Spinoza's natura 
naturans "ceases to be dead and static but becomes alive and dynamic!n79 
Here, the role of Herder proved substantial: "the younger generation fol
lowed Herder in vitalizing Spinoza's concept of substance, which now be
comes nothing less than the single cosmic force.mso 

This is, indeed, heady metaphysics. But Schelling offered two justifica
tions: first, metaphysics arose out of a blatant aporia in the very project of 
empirical science itself-its need for, yet incapacity to achieve, systematic
ity; and second, this metaphysics could succeed only if the ideal system it 
postulated could be confirmed in empirical inquiry. In the face of recalcitrant 
evidence, the philosophical system failed. This was a crucial component of 
the philosophy of nature as Schelling conceived of it. Moreover, such a con
ception of philosophy of nature entailed a revision of the philosophy of 
mind-indeed, of philosophy altogether: "Philosophy . . .  is nothing other 
than a natural history of our mind . . . . We consider the system of our ideas, 
not in its being, but in its becoming. Philosophy becomes genetic!n81 If nature 
could be grasped only in process, as becoming, so too, knowledge could be 
grasped only as learning, as development. The dynamic of knowing and the 
dynamic of being had to be strictly homologous. 

In its detailed exposition, the Ideas for a Philosophy of Nature (1797) of
fered an exploration of the relation between matter and force, as it had 
preoccupied early modern physics from Galileo, Descartes, and Newton all 
the way to Kant. The method of the work was to advance from empirical 
findings to some higher principle of order that informed their possibility. 
There was one overarching insight in Ideas, upon which all the subsequent 
system would be grounded: the principle of contesting forces. Nature "has 
admitted . . .  no force which is not limited by an opposing one, and finds its 
continuance only in this conflict!'182 This insight was the key to the "great 
artifice of Nature.''183 Force and matter were mutually constitutive, Schelling 
contended: "neither force without matter nor matter without force can be 
conceived.m84 But, he went on, this should not be construed in the Kantian 
sense of explaining matter empirically from given forces working on given 

--
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masses. Indeed, already in 1797 Schelling had slipped the mooring of Kant's 
"dynamic theory of matter" and proceeded to a "dynamical philosophy" 
that derived all the empirical forces-even Kant's-from something more 
primordial, a "higher principle." That was simply to see process (natura na
turans) as the essential character of nature, and all products (natura naturata) 
as transitory states along its path. But process itself could propagate or de
velop only through contesting forces. 

The most important dimension of empirical science for Schelling in 1797 
was what has come to be called the "chemical revolution," especially in the 
highly contested form it assumed in Germany over the 179os.185 "The new 
system of chemistry . . .  may very well develop into the universal system of 
nature," Schelling speculated, for it "spreads its influence ever more widely 
over the other branches of natural science.''I86 Oxygen seemed more than 
an element; it seemed the key to all chemical process, a "higher principle" 
that ordered the whole physical world, especially when considered in align
ment with the ethereal fluids-heat and light.187 Taken in this sense, oxygen 
could serve as "a leading principle for the investigation of nature, as soon as 
this discovery ceases to be the exclusive possession of chemistry alone.mss 

But the Ideas left things at the level of "a series of individual discus
sions," because Schelling was not ready yet to bring them all together into 
a synthesis.189 His "speculative physics" was just getting started.190 In 1797 
Schelling was not ready to deal with organic nature (or with the even grander 
prospect of unifying the organic with the inorganic into a unified order of 
nature). To be sure, he already had an intuition of unity, and even gestured 
to the ancient name for it, the world soul, in 1797.191 Yet it would only be in 
his new work of 1798, which bore this term in its tide, that Schelling would 
make the decisive step forward. 

The question is: how over the brief span from 1797 to 1798 did Schelling 
achieve the new position articulated in Von der Weltseele: Eine Hypothese der 
hoheren Physik zur Erkliirung des allgemeinen Organismus (1798) ?192 From the 
internal evidence, he was prompted by the confrontation of two rival posi
tions in life science of the day: chemical physiology, propounded most aggres
sively by Johann Christian Reil, versus the various formulations of Lebens
kraft, most prominendy that of Joachim Brandis. Two texts of 1795 above 
all embodied this opposition for Schelling: Brandis's Versuch iiber die Lebens
kraft, advocating the idea of Lebenskraft, and Reil's Von der Lebenskraft, urg
ing its displacement by a chemical physiology.193 Schelling's Von der Weltseele 
sought to transcend this opposition. But it had a further immediate cata
lyst: Christoph Girtanner's Uber das Kantische Prinzip for die Naturgeschichte 
of i796.194 
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It was necessary, Schelling contended, to get beyond "the opposition 
between mechanism and organism that has long enough obstructed the pro

gress of natural science.m95 The impasse had arisen because of the ubiqui
tous presumption that organism must be explained by mechanism, but, 
Schelling suggested, why not invert this conception? Why not begin from 
the vantage of the more complex and see the less complex as a restriction 

of the former? "Thus, in the end the world is-an organization, and a uni
versal organism [is] itself the condition for (and in that measure the positive 
in) mechanism.m96 As he reduced it to a phrase in his later Erster Entwuif, 
"Nature implies a universal organism.m97 

Schelling proposed to begin from the result of 1797. The Ideas had 
demonstrated "that, in all nature, divided, really-opposed principles are ac
tive!'198 All nature was driven by "first principles of a universal dualism of 
nature."'99 The first force was expansive (positive); uncontested, it would 
sweep to infinity so instantaneously that it would leave no empirical 
traces.200 Thus, it needed the complement of a retarding (negative) force to 
generate empirical manifestations, which alone constituted nature as expe
rience, and thus enabled empirical natural science.201 All particular entities 
had the positive force in common; it was restriction (the retarding force) that 
generated individuality and multiplicity.202 "All multiplicity in the world 
arises originally through the distinctive constraints [Schranken] with which 
the positive [force] operates." In that sense, "the positive force first awak
ens the negative.''203 Together, the expansive and the retarding forces con
stituted a system, a whole world, which the ancients identified imagistically 
(in dichterischen Vorstellungen) as a world soul.204 Thus, "it is the first prin
ciple of a philosophical doctrine of science [philosophischer Naturlehre] to 
set out to grasp all of nature on the basis of polarity and dualism.''205 Schelling 
elaborated: "The same dynamic sequence of stages prevails in universal and 
anorganic nature as in organic nature."206 "If the origin of the organism is 
one with the origin of nature itself, then it is evident a priori that in anor
ganic or, rather, in universal Nature, something analogous must become evi
dent!'207 The project would be to establish "that one and the same principle 
binds inorganic and organic nature.''208 

In book 2 of his Von der Weltseele, "On the Origin of Universal Organism;' 
Schelling's objective was twofold: first, to discriminate the character of 
organism or life itself; and, second, to link this characterization of organism 
with a parallel characterization of inorganic nature to form a total system 
of nature based on common principles. There were only three strategies to 
explain the character of living things, he contended. First, one might try 
to explain them from a material principle: the approach of chemical phys-
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iology. This view maintained that "all functions of the organism follow 
from chemical laws of matter, and life itself is a chemical process."209 For 
Schelling, this was physiological materialism, with all the anxious associa
tions that word conjured up in European culture.210 The "chief defender of 
this chemical perspective;' in Schelling's estimation, was Johann Christian 
Reil. 211 Schelling left little doubt of his scorn for the position Reil embraced. 
Still, Schelling struggled to give the chemical physiologists their due: "One 
must allow the chemical physiologists the fame of having been the first, 
though with obscure awareness, to have raised themselves above mechani
cal physiology and at least to have progressed as far as they could with their 
dead chemistry."212 In Von der Weltseele, Schelling appeared even more con
vinced of the importance of the "new chemistry" than he had been in 1797, 

yet he remained highly critical. Schelling targeted for criticism not only Reil 
but also Girtanner, who in his first major publication had argued that irri
tability could be explained by the action of oxygen.213 Schelling explicitly 
criticized Girtanner's thesis.214 While oxygen clearly played a role, it was 
only the negative factor, he urged. It needed to be complemented by a posi
tive force to achieve the appropriate synthesis. Schelling suggested this was 
the thrust of Christoph Pfaff's theory of "animal electricity!'215 Schelling 
also cited Alexander von Humboldt's experiments with irritability and elec
trical stimulus, claiming that Humboldt had rescued from the criticisms of 
Alessandro Volta all that was valuable for physiology in Galvani's work.216 

All that empirical science had developed thus far, he claimed, not only 
in "mechanical" but even in "chemical" physiology, were the negative con
ditions of life, not its positive principle.217 By seeking for this positive prin
ciple, Schelling observed, "defenders of life-force . . .  are far more advanced 
than the chemical physiologists.m18 This second approach resorted to an 
immaterial principle, some vital force (Lebenskrajt) beyond mere matter. 
Schelling made the same point in his Erster Entwurf. "advocates of vital 
force . . .  to the extent that they persistently view life as something sublime, 
beyond the chemical[,] . . .  infinitely tower over the chemical physiologists!'219 
Yet generally Schelling proved as impatient with the life-force advocates as 
with the advocates of chemical physiology. The former flirted with some
thing utterly unscientific, in his view. Already in the Ideas, Schelling called 
Lebenskraft "an altogether contradictory concept."220 His argument in that 
text was that the postulation of any singular force, unopposed, could not 
account for the complexity of actual determinations. In addition, he harped 
on a performative contradiction: however immaterial its nature, advocates 
of Lebenskraft always proposed it in "the hope of allowing that principle to 
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work according to physical laws."221 Yet, as was notoriously the problem 
with all substance dualisms going back to Descartes, it remained inconceiv

able how the pure spirituality of the principle could work upon the strict 

materiality of the physical world. In Von der Weltseele Schelling mocked theo
ries of Lebenskraft as the invocation of"a magical capacity that suspends, in 
living things, all the effects of the laws of nature."222 It helped little to in

vent "dark qualities" and "unknown principles."223 In the Erster Entwuif, he 
noted: "to accept a fantasy is good neither for physics nor philosophy.''224 

Schelling undertook to demonstrate that neither approach could, by 
itself, resolve the matter. A third, integrative or synthetic approach, based 
on the idea of polar forces in dualistic interaction, would be Schelling's 
own proposal. Somehow, Schelling had to bring together the freedom he 
discerned in life processes with the lawfulness he affirmed in nature, and 
especially the inorganic physical world.225 The only concept, Schelling con
tended, that could support the dualistic process-thinking he proposed for 
his philosophy of nature was the term 'Trieb.226 It was necessary to start with 
a Bildungstrieb that pertained to nature as a whole. Naturtriebe were prior to 
and higher than the chemical, metabolical processes that instantiated them 
in particular organisms. "In organic matter an original formative drive [ein 
urspriinglicher Bildungstrieb] is at work, through which alone it is able to as
sume a particular form, to maintain it, and ever after to reproduce [wieder
herstelle] it.''227 

His prime contention was that "the purposiful formation of animal mat
ter . . .  can be explained only by a principle that lies beyond the sphere of 
chemical process.''228 It would never be possible to explain life by chemical 
processes alone; rather, chemical processes themselves might best be under
stood from the vantage of the higher-order process of life. Thus, Schelling 

insisted, it was "time to leave behind dead concepts.''229 Chemical processes 
should be theorized as "incomplete processes of organization.''23° From that 
"higher" vantage, it could be observed that "the universal formative drive 
[Bildungstrieb] of nature finally dies out in dead products [in todten Produkten 
erstirbt].''231 Living organisms mirrored, for Schelling, a far vaster, univer
sal life-Bildungstrieb-in nature altogether, of which chemical process was 
simply one, restrictive expression. Thus, Schelling undertook to lift the term 
Bildungstrieb out of its specific usage and render it a "higher principle" in 
his Naturphilosophie.232 

Schelling celebrated Blumenbach for having developed the concept, for 
it opened a path "beyond the limits of mechanical philosophy of nature."233 
But Schelling was perfectly clear that he had appropriated Blumenbach's 
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notion and that the latter would not have been comfortable with the dra
matic extension Schelling was introducing.234 Blumenbach did not rec

ognize that his term was "only a [form of] expression [Ausdruck], • . •  not, 

however, a basis of explanation [Erkliirungsgrund] ." It was a concept alien 
to natural science and could not be used constitutively but only as "a path

way for investigative reason [Schlagbaum for die forschende Vernunft]," that 

is, merely as a reflective heuristic, in Kantian terms.235 Moreover, in Blu
menbach's own usage "this concept presupposes organic material already, 
for this drive should and can only take effect in organic material. This prin

ciple therefore cannot represent a cause of organization,far more this concept 
of the formative drive itself presupposes a higher cause of organization."236 The 
concept stood only as a placeholder for a yet-to-be-discerned causal prin

ciple. Ultimately, the source of organism was not even to be found in or

ganic material itself but had to be traced infinitely higher into a principle 
that transcended the organic as such.237 For Schelling, both Kant and Blu

menbach were stymied at this point. He took it that Kant perceived Blumen

bach's results as a boundary for natural science.238 But Schelling affirmed: "I 
am fully convinced that it is possible to explain the natural process of orga

nization from natural principles."239 

While Kant, like Blumenbach, discriminated terminologically between 

Bildungskraft and Bildungstrieb, neither fully explicated that verbal distinc

tion. "The question is : how does the universal formative force of matter 

carry over [ubergehe] into formative drive?m4o Schelling found this crucial. 

"The formative force turns into formative drive as soon as to the dead effect 

of the former something contingent, like the disturbing influence of a for

eign principle, is added."241 Thus, the essence of life appeared to be a "free 

play of forces . . .  under an external influence.''242 But the trick, Schelling 

insisted, was to see this influence not as external but rather as immanent, 
which was the sense that '1rieb added. "The principle of life does not en
ter organic material from without (as through an infusion)-an uninspired 

yet widely shared view-but just the opposite: this principle has formed the 

organic material in itself[dieses Princip hat sich die organische Materie ange
bildet].''243 Thus, Schelling concluded, there were no distinctively organic 

forces but only the organic instantiation of material forces at the behest of a 

higher principle, the "free play of nature.''244 Schelling asserted a "universal 

formative drive of nature"-drive, not force, because it was alive (agential), 

not dead (inertial).245 The proper term for this, the ancients proposed, was 

"world soul.''246 It was the principle that drove all matter, used all the "dead 

forces" for purposes of its own.247 It constituted "a general continuity of all 
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natural causes!'248 With the term Bildungstrieb Schelling moved closer to the 
ideas of vital force (Lebenskrajt) that were circulating in German discourse 
at the time.249 

Still, this was strictly a philosophical claim, an "a priori" construction to 
which he had been led; Schelling was not sure that he could demonstrate it 
empirically. 250 His general idea was that the specific features of the organic 
world mirrored the ultimate form of nature as a whole. Schelling turned, 
accordingly, to a consideration of the various empirical forces that had been 
discerned in organic life, starting with Hailer's key forces of irritability and 
sensibility. "It would be at least one step toward such an [encompassing] ex
planation;' he suggested, "were one to be able to show that it is one and the 
same organization that has formed for itself, by gradual development, the 
hierarchy of all organisms [organischen Wesen]!'251 Carl Friedrich Kielmeyer 
had suggested such a theory in his great lecture of 1793. The core insight 
moved from the hierarchy of forces in organic life to a continuity among 
them and on to the decisive idea of a single force, one principle of nature that 
caused all life.252 Schelling proclaimed that Kielmeyer "without a doubt has 
opened a completely new epoch in natural history!'253 

One might permit oneself the judgment that Schelling's thought in Von 
der Weltseele seems to have circled entirely back to the crossfire between 
Stahl and Leibniz, if in terms derived from Hailer and Reimarus. Nonethe
less, this publication achieved what the publication of Ideas had not; it won 
the enthusiastic approval of Goethe and secured Schelling a professorship 
at the University of Jena. His next publication, accordingly, proved to be 
a textbook for his new course on Naturphilosophie. The initial concern of 
the Erster Entwurf eines Systems der Naturphilosophie (1799) was to relate the 
project of Naturphilosophie to the transcendental philosophy of Kant and 
Fichte, especially for a student population at the University of Jena steeped 
in Kantianism and for whom Fichte had been a charismatic teacher for a 
number of years.254 Schelling wished to argue that philosophy of nature 
was a separate but parallel enterprise relative to transcendental philosophy, 
yet like the latter a philosophical project, a matter of logical construction. 
Thus, Schelling argued that philosophy of nature sought "the point from 
which nature can be posited into becoming!'255 The key notion here was pos
iting: a philosophical undertaking. Thus, Schelling urged, one must assert 
"the first postulate of all philosophy of nature;' namely, the movement of 
nature into becoming.256 Nature was essentially "absolute productivity!'257 
The importance of productivity in Schelling's approach (natura naturans 
rather than natura naturata) is already familiar. The important new term 
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here is "absolute": the talisman of Schelling's distinctive idealism. By "abso
lute" Schelling meant here what was aboriginal in nature: "we have to think 
the most original state of Nature as a state of universal identity and homo

geneity (as a universal sleep of Nature, so to speak)."258 That presented the 
"supreme problem of the philosophy of nature: What cause brings forth 
the first duplicity . . .  out of the universal identity of Nature?"259 For tran

scendental philosophy "everything that exists is a construction of spirit."260 

Moreover, "every science that is a science at all has its unconditioned.''261 For 
philosophy of nature, the unconditioned principle could only be "the con
structing itself.''262 Thus, "being itself is only activiry[,] . . .  nothing other than 
a continually operative natural activity.''263 

Accordingly, from the vantage of philosophy of nature, "we do not know 

nature as product. We know Nature only as active . . . .  To philosophize about 

nature means to heave it out of the dead mechanism to which it seems pre
disposed, to quicken it with freedom and to set it into its own free develop
ment.''264 Thus, "for us the product must disappear behind the productiv
ity."265 "Nature gives itself its sphere of activity[,] . . .  all of its laws are 
immanent, or Nature is its own legislator (autonomy of nature).'' Nature, 
hence, is "a whole, self-organizing, and organized by itself."266 In that light, 
"the chief problem of the philosophy of nature is not to explain the active in 

Nature, but the resting, permanent.''267 The solution was to recognize that a 

product "is only apparently individual.''268 Thus, "every product that now ap
pears .fixed in Nature would exist only for a moment, gripped in continuous 
evolution, always changeable.''269 This evolution left as its empirical trace 
the "continuity of the dynamic graduated series of stages of Nature.''270 This 
made the "fundamental task of all natural philosophy: to derive the dynamic 
graduated sequence of stages of Nature.''271 

To conceive of nature in its absolute productivity as the dynamic se
quence of stages of nature was to think of the "formative drive" as a univer
sal principle of individuation, a process instantiated across a myriad of tran
sitory products. For Schelling the language of a universal "formative drive" 
was "the most genuine designation that was possible for the state of physics 
at the time."272 In the concept were combined notions of freedom and of 

lawfulness.273 "Nature is only one activity . . . .  Through the individual prod
ucts it seeks to present just one-the absolute product."274 Hence, "all indi
vidual products of Nature can only be seen as abortive attempts to represent 
the Absolute.''275 Still, as Schelling would put it in his Einleitung zu dem Ent
wurf eines Systems der Naturphilosophie, "every individual is an expression of 
the whole of Nature."276 And "in Nature, in so far as it is real, there can be 
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no more productivity without a product than a product without productiv
ity."277 Concretely, "organisms overall are to be seen as only one organism 

inhibited at various stages of development."278 

The question latent in a hierarchy of organic forms, of "stages" in the 
dynamic of organic nature, is ultimately whether this is stricdy ideal (a logi
cal construction) or also actual (i.e., an empirically traceable phenomenon-a 
historical development, or evolution in the modern sense). This was the 
fundamental issue of the "daring adventure of reason," in Kant's famous 
phrase.279 What was the relation, in Schelling's view, between "logical con
struction" and empirical reconstruction? Schelling observed: "One must not 
allow oneself to be led astray by the appearance of a lack of continuity [in 
the empirical record]. These interruptions of Nature's stages only exist with 
respect to the products, for reflection, not with respect to the productiv
ity, for intuition. The productivity of Nature is absolute continuity. For this 
reason we will present that graduated view of organisms not mechanically, 
but rather dynamically: that is, not as a graduated series of products, but 
as a graduated series of productivity. It is but one product that lives in all 
products!'280 The crucial discrimination is between reflection, which is a pos
teriori and inductive, working only from observed products, and intuition, 
which grasps the whole pattern and process, the productivity behind the in
stances, concerned not with the discrete but with the continuous. Where did 
Schelling stand on this, vis-a-vis Kant? Schelling explored the stages of de
velopment in organic nature under important rubrics with which we have 
become very familiar: epigenesis and natural history. Thus, he followed 
Kant very closely-or, rather, the synthesis of Kant with Blumenbach that 
had just been elaborated by Girtanner in Uber das Kantische Prinzip for die 
Naturgeschichte. Schelling began by affirming "the general principle that no 
individual preformation, but only dynamic preformation exists in organic 
nature[;] . . .  organic formation [Bildung] is not evolution, but the epigen
esis of individual parts.-Various organs, parts, etc., signify nothing but dif
ferent directions [Richtungen] of the formative drive; these directions are pre
determined, but the individual parts themselves are not.m81 The language 
of"directions of the formative drive" stemmed originally from Blumenbach 
but played a far more elaborate role in the fusion of Blumenbach with Kant 
by Girtanner.282 There are strong indications throughout Schelling's text 
that this was the immediate source of his commentary. 

Schelling adopted the whole line of thought that carried from Buffon's 
definition of species through Kant's elaboration of Keime and naturliche An
lagen to Blumenbach's Bildungstrieb and Girtanner's synthesis. "Since in 
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natural history (in the authentic sense of the word [ !]), • • .  one must assume 
that in the first individuals of each species [determinate] directions of the 
formative drive were not yet indicated, for otherwise they would not have 
been free[,] . . .  every first individual of its species, although it would incom
pletely express the concept of its genus, would have been itself again genus 
in relation to the individuals produced later!'283 The formative drive was 
free in the stem organism, with respect to those directions, "because they 
were all equally possible." Thus, when any one got expressed, this required 
an additional triggering factor: "an external influence . . .  in order to deter
mine the organism toward one of these directions!'284 This was the role of 
environment-over extended time spans-in bringing about the expression 
of all the original potentialities in the stem genus in a set of determinate 
subspecies (or "races," as Kant called them). 285 

Schelling observed that neither environmental determinism nor com
plete organic plasticity could account for the diversity and the regularity 
of organismic forms. Only concrete interaction of determinate environ
ment with determinate potentialities triggered the specific expressions of 
the organism. He concluded: "Now that which is developed (but not, on that 
account brought forth), through external influence is called germ [Keim] or 
natural predisposition [naturliche Anlage]. Those determinations of the forma
tive drive . . .  are able to be presented as original natural predispositions or 
germs . . . all united in the primal individual . . .  [and] the prior develop
ment of the one makes the development of the others impossible!'286 This is 
an excellent distillation of Girtanner's exposition of the Blumenbach-Kant 
synthesis of natural history. Schelling replaced Kant's "generic preforma
tion" with his own term, "dynamic preformation."287 Following Blumen
bach, Schelling rejected individual preformation. While at the origin of each 
species there was a "multiplicity of tendencies" in potentia, there were no 
actual preexistent forms in miniature, no "preformed seeds, for whose exis
tence there is not a shadow of proof.mss Empirically observable eggs or 
seeds were "themselves already products of the formative drive!'289 Thus, 
Schelling pronounced: "We are agreed with Blumenbach in that there is 
no individual preformation in organic Nature, but only a generic kind . . .  . 
[T]here is no mechanical evolution, but only a dynamical one, and thus . .  . 
only a dynamical preformation.m9o Thus, "all formation occurs through epi
genesis"; the stages of development in nature were driven by the "directions 
in which the formative drive . . .  operate[s]!'291 

All this, as with Kant and Blumenbach, had to do with development 
within a species or genus line. But what about the question of continuity 
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across species? This was the ultimate question for natural history. "The leap 
from polyp to man appears gargantuan to be sure . . . .  The polyp is the 

simplest animal and the stem, as it were, out of which all the other organ
isms have branched."292 This was the direct issue Kant had addressed in 
his admonitions about the "daring adventure of reason.'' Schelling recapit
ulated the prospect: "The hope which so many natural scientists seem to 
have cherished-to be able to present the origin of all organisms as succes
sive, and indeed as the gradual development of one and the same original 
organism.''293 Schelling asserted that his new philosophy of nature tran
scended this vantage, leaving it behind while saving its essential concern.294 
In a footnote, he elaborated: ''All organisms, as different as they may be, are 
surely, in terms of their physical origins, only various stages of development 
of one and the same organism; they may be presented as if they had arisen 
through the inhibition of one and the same product at various stages of de
velopment. However, what holds for diverse organisms in terms of a physical 
origin, cannot hold good when transferred to the historical origin."295 By 
"physical" in this passage, it would appear that Schelling referred to the 
material constitution of any given organism (its synchronous composition 
of different organizing forces and elements). By "historical," accordingly, he 
meant the diachronic continuity from one organism to another. This seems 
a complete rejection of "transformism" as an empirical-historical theory of 
organismic development. What was Schelling's reason? "The assumption 
that different organisms have really formed themselves from one another 
through gradual development is a misunderstanding of an idea which actu
ally does lie in reason."296 That is, "the productivity was thus one, but not 
the product. It was just not one already fixed and present product that de
veloped itself into various organisms.''297 Accordingly, as Schilling put it in 
his Introduction to the Outline, "a true system of natural history, which has 
for its object not the products of Nature, but Nature itself, follows the one 
productivity!'298 

To establish an empirical science of natural history along developmen
tal lines, Schelling argued, it would be necessary to advance far beyond 
comparative anatomy into "comparative physiology, . . .  a science not yet 
attempted!'299 Were this to be carried through, "what was formerly called 
natural history would be raised to a system of Nature."300 Schelling under
stood exactly what Kant had envisioned along these lines: "Natural history 
has been, until now, really the description of Nature, as Kant has very cor
rectly remarked. He himself uses the name 'natural history' for a particular 
branch of natural science, namely, the knowledge of the gradual alterations 
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which the various organisms of the Earth have suffered through the influ
ence of external nature, through migrations from one climate to another, 

and so forth!'301 To establish empirically "a dynamically graded series of 
stages" would give natural history "a higher meaning, for then there would 
actually be a history of Nature itsel£"302 

For all Schelling's seeming Kantianism here, he was not denying the 

empirical-scientific project. In the preface to his Von der Weltseele Schelling 
stood forth vigorously against the Kantian prohibition: "It is an old folly 
to believe that organization and life cannot be explained through natural 

principles. If that is as much as to say that the first origin of organic nature 
cannot be investigated physically, then this unproven claim accomplishes 
nothing more than to crush the ambition of the researcher."303 The argu
ments about discontinuity in observed organisms, central for both Kant and 

Blumenbach, Schelling dismissed as insufficient: "That our experience has 
shown us no transformations of nature, no transitions from one genus or 
species to another, . . .  is no proof against this possibility, for . . .  the changes 
that organic nature, as much as inorganic, undergo can . . .  take place in ever 
longer periods of time, for which our short duration . . .  offers no proper mea
sure . . . .  [They] are so vast that up till now no [human] experience has been 
able to encompass their full course!'304 Moreover, despite this difficulty, em
pirical life science had made some steps in the direction of historical recon

struction. In a memorable footnote to the Erster Entwuif, Schelling traced 

the crucial line of this theorizing: "The idea of a comparative physiology is 
already found in Blumenbach's Specimen phisiologiae comparatae inter ani
malia calidi et .frigidi sanguinis, and further explicated in the discourse on 
the relations of the organic forces by Mr. Kielmeyer, whose major idea is 
taken from Herder's Ideas for the Philosophy of the History of Humanity, first 

part, pp. 117-126; namely, that in the series of organisms, sensibility is dis
placed by irritability, and as Blumenbach and Soemmerring have proven, 
by the force of reproduction!'305 Schelling discerned as the key to a his
tory of nature the incorporation of Kielmeyer's theory of the development 
from one organic force to another in the hierarchy of organisms. In addi
tion, Schelling went on to point out: "Blumenbach and Soemmerring have 

proven that only those parts that are independent of the brain, and all parts 
only of such animals as do not even have a brain at all, or a very imperfect 
one, regenerate themselves!'306 Earlier, Schelling had affirmed Soemmerring's 
"law" of the relation between brain mass and sensibility. To repeat the essen
tial point, Schelling proclaimed himself "fully convinced that it is possible 
to explain the natural process of organization from natural principles."307 
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What Schelling in fact suggested was that the possibility of a scientific 
history of nature lay in a more complex conceptualization of physiology: 
not only comparative but developmental. "The individual [organism] is only a 
visible expression of a determinate proportion between sensibility, irritabil
ity, and force of [re]production!'308 This allowed for Schelling's culminating 
synthesis regarding the dynamic stages of nature expressed in organic form: 

If there is a gradation of forces in the organism, if sensibility presents itself in 

irritability, if irritability presents itself in the force of reproduction, and if the 

lower force is only the phenomenon of the higher, then there will be as many 

stages of organization in Nature overall as there are various stages of the ap

pearance of that single force . . . .  

THEREFORE, THERE IS ONE ORGANISM THAT IS GRADUALLY AT

TENUATED THROUGH ALL OF THE STAGES DOWN TO THE PLANTS, 

AND ONE CAUSE ACTING UNINTERRUPTEDLY WHICH FADES FROM 

THE SENSIBILITY OF THE FIRST (i.e., highest) ANIMAL DOWN TO THE 

REPRODUCTIVE FORCE OF THE LAST (i.e., lowest) PLANT . 
. . . [N]ow we have a unity ifFORCE of production throughout the whole 

of organic nature. It is indeed not one product, but still ONE force, that we ob

serve to be inhibited at various stages of appearance.309 

While this was assuredly an ideal, a philosophical construction, it could also 
serve as the basis for (and stimulate) empirical theory in the life sciences, 
especially as it directly linked to Kielmeyer's model of natural history and 
the medical reception of Brownian medicine. That was what made Schelling 
so important for the scientific community around him. Schelling's reception 
needs to be situated between that of Kant and that of Goethe. In practicing 
their science, Robert Richards observes, "after Kant, and especially because 
of the influence of Goethe and Schelling, biologists came to hold the teleo-

. logical structure of nature not simply as ifbut as intrinsic . . . .  [T]hey con
ceived nature in a Spinozistic fashion-it was Deus sive natura"310 Thus, 
"Schelling and Goethe-and those biologists following their lead- [believed] 
that if archetypes proved a necessary methodological assumption . . .  then 
there was no reason . . .  to argue that nature was not intrinsically arche
typal." Goethe himself embraced a "Schellingian Spinozism: God, nature, 
and intellect are one."311 
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Naturphilosophie and Physiology 
The history of science needs to cast off the legacy of positivism-especially 

that lurking under Kantian guise-and to realize that Naturphilosophie was 

nothing less than the normal science of its day. 

B E I S E R, German Idealism' 

In 1799 Schelling moved from relative marginality to the cockpit of the 
German intellectual universe, the professorship in philosophy at the Uni
versity of Jena.2 He was all of twenty-four years old! As he took up his post 
in Jena, all eyes, not all of them sympathetic, turned to Schelling. In the 

Jena Allgemeine Litteratur Zeitung (ALZ), his enemies made mockery of all 

he had produced. To defend himself, Schelling recruited key allies in the 

German scientific world-Johann Wilhelm Ritter, Henrik Steffens, Adolph 
Karl August von Eschenmayer, and Andreas Roschlaub-for a new journal 
devoted to his Naturphilosophie: Zeitschrift for spekulative Physik. There the 
first defense of Schelling's ideas would be published: Steffens's review of 
Schelling's latest works.3 There, too, Eschenmayer would offer a provoca
tive review of the whole theory, relating it to his own work, from which 

Schelling had explicitly drawn.4 In short, from 1799 to 1800 Naturphiloso
phie became a movement in German thought. 

The important question for the history of science is why Schelling's 
Naturphilosophie came so swiftly and so deeply to shape the mentality of 
the research community around 1800.5 Naturalists were seeking something 

in Schelling that would be constructive for their own endeavors. The gen

eration around 18oo saw in Naturphilosophie the way to "transform the re
sults of natural-scientific research into a philosophical biology," in the 
words of Paul Diepgen. Through Naturphilosophie, "the interest of these 
men in the idea of development [could be] kept alive and promoted, but 
the goal and methodology arose from the more practical requirements for 
natural-scientific clarity in the results from dissection and the experimental 
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bench.''6 German naturalists sought to grasp the implications of philosophy 
of science for their practices; more specifically, they sought rules for integrat

ing concrete empirical results into a warranted theory. We can distinguish at 
least three levels of articulation: first, philosophy of science, as general epis
temological warrant of scientific claims; second, philosophy of nature, as the 
systemic unity of nature in its empirical lawfulness; and finally, determinate 
theoretical frames in which specific research fields (Fachgebiete) formulated 
their experimental-observational results. 

K A N T, S C H E L L I N G ,  A N D  T H E  " D A R I N G  

A D V E N T U R E  O F  R E A S O N "  

The "essentially contested" issue between Kant and Naturphilosophie was 
the propriety of what Kant had styled a "daring adventure of reason.''7 His 
characterization reasserted all his reservations against Herder. Kant admon
ished those who would undertake the "daring adventure of reason" to ob
serve his distinction between regulative and constitutive principles. 8 That 
did not happen.9 If some of Kant's successors "read Kant through [a] Herd
erian lens, it was to misread him;' Phillip Sloan argues.10 Indeed, Goethe 
knowingly undertook this strong misreading in order to embark upon the 
"adventure of reason.''11 Even for Sloan, readers like Goethe "took from 
this 'adventure of reason' the warrant for drawing from Kant a program of 
developmental transcendental morphology and even a form of evolution
ism.''12 I believe not only that they did so but that this was a scientifically 
and philosophically fruiifitl misreading. To suggest there might be something 
wrong with Kant distancing himself from the "adventure of reason" opens 
the way to reconsideration of the starkly hostile historical verdict that has 
found everytf;ing wrong with Naturphilosophie. The starting point must be 
with the reception of Kant's philosophy (of science), that is, how Kant's no
tion of "proper science [eigentliche Wissenscha.ft]" related to the actual prac
tices of science-in particular, life science-in Germany at the turn from the 
eighteenth to the nineteenth century.13 

In 1795 Samuel Thomas Soemmerring, the preeminent German anato
mist of his generation, asked Kant for feedback on a little essay he was plan
ning to publish, dealing with the vexed question of the "seat of the soul" 
in the body.14 Soemmerring specialized in neurophysiology, and he pro
posed to advance the study of the brain by a more accurate assessment of 
the physiological interaction of the various nerve endings in the brain with 
the fluid in the cerebral cavities, to which he assigned a crucial function 
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as the locus of integration of nerve impulses, a sensorium commune.15 That 
was the bulk of his little volume, but it was supplemented by a speculative 

second part that sought to connect this physiological hypothesis to a meta
physical one: namely, that this sensorium commune was also, and essentially, 
the "organ of the soul." In proposing so direct a bodily situation of the soul, 

Soemmerring knew he was treading on highly controversial ground, which 

he designated "transcendental physiology.m6 It was concerning this meta
physical adventure that Soemmerring wished most specifically for Kant's 
comment. His admiration for Kant was flamboyant and flattering, and Kant 

found himself drawn for this reason among others to take up Soemmer
ring's invitation. The result was received with such enthusiasm by Soem
merring that he appended it to his text for publication, and indeed, he dedi
cated the whole work to Kant, "the pride of our age!'17 But it is clear from 
Kant's text-and from the lengthy drafts that he composed leading up to 
the version he finally sent to Soemmerring-that Kant was hardly disposed 
to endorse without reservation either Soemmerring's project in general or 

his particular hypothesis more narrowly. Yet how Kant responded reveals a 
great deal about his sense of the relation between the philosophical and the 
medical faculties, especially in this region of uncertainty between the body 

and the mind, and also about Kant's sense of his own competence as "some
one not altogether unacquainted with natural science [Naturkunde]."18 

From the far longer first draft of his response to Soemmerring we can 
detect a much sharper sense in Kant that this appeal by a total stranger for 
a comment on what was primarily a physiological research report might in 
fact entrap him in an adventure outside his bailiwick.19 Georg Forster had 
already made Kant uncomfortable along these lines regarding his essays on 
race, and he was clearly not disposed to incur similar criticism, especially 
in connection with one of Forster's closest friends.20 Thus, this invitation 
sparked Kant's sense that philosophy as a faculty found itself in a state of 
conflict not just with the theological or legal faculties but even with the 
medical faculty. In his response to Soemmerring already in 1795 Kant came 
to articulate his general idea of a Streit der Facultiiten, which would be pub
lished only in 1798.21 

Kant simply overrode Soemmerring's proposal about the need for a 
"transcendental physiology" as a hopelessly confused sense of the boundary 
in question. Physiology had nothing to say about the transcendental. Above 
all, the longstanding concern for a "seat of the soul" was a futile and contra
dictory misadventure of physics in metaphysics, a "subreption" that sought 
to materialize what was in essence immaterial, to spatialize (i.e., locate in 
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"outer sense") what was accessible only in time (i.e., in "inner sense").22 

Thus, Kant dismissed any "transcendental" aspect to Soemmerring's project. 

Instead, in one draft he asserted the authority of the "critique of pure rea
son" to adjudicate the proper boundaries between empirical research and 
a priori knowledge. Then, however, Kant turned the tables, offering to sup
plement and confirm the strictly physiological elements in Soemmerring's 

study. If the latter had no warrant to meddle in metaphysics, Kant presumed 
the warrant, as "someone not unacquainted with natural science," to offer 
a scientific hypothesis concerning the core issue that had led Soemmerring 
to his misguided appeal to "transcendental physiology": namely, could a 
fluid be "organized" or "animated"? He proposed that the fluid in the cere
bral cavity-which he took to be mere water-could not be in itself orga
nized, because that required a stable purposive structure that was not con
sistent with the physics of liquids. However, he suggested that water need 
not be understood merely "mechanically" as extended mass, but it could 
also be understood "dynamically," in terms not only of recent "antiphlo
gistic chemistry," which had analyzed it into its two component gases, but 
also of the various theories of ethereal forces-light, heat, electricity, and 
so on. Thus, the seeming homogeneity of the fluid could accommodate all 
sorts of alterations of qualitative state; that is, the fluid could be transiently 
"organized" by the interjection of outside forces, yet retain its overall con
sistency, and return to its prior state when the stimulation dissipated. Were 
one to consider that these stimulations might be differentiated by the orig
inating nerve-ending stimulus, then this fluid could harbor and transmit 
and in this sense aggregate and integrate nervous impulses and sense data 
and thus serve as a sensorium commune in a strictly material, physiological 
sense. It could then serve as a material substrate for the synthesis of intui
tive consciousness. But this would not be a literal materialization or local
ization of the soul (anima), but only a virtual context for consideration by 
consciousness (animus), with no metaphysical stipulations about substance 
.or interaction. 

Setting these specifics in a larger context, in his pioneering essay on 
Kant's commentary on Soemmerring, Peter McLaughlin makes a decisive 
observation. He argues that Soemmerring suffered from a fundamental 
"misunderstanding of natural-scientific theory-construction as metaphys
ics!' In Soemmerring, McLaughlin suggests, "a part of [medicine's] own 
field was transferred to metaphysics, because he confused the construction 
of theory or hypothesis with metaphysics. The part of natural science that 
was not simply descriptive he took as already transcendental." That indi-
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cated, McLaughlin righdy observed, "a remarkable uncertainty and inca
pacity [Unbeholfenheit] in the domain of theory.''23 But what McLaughlin 
identifies as the personal weakness of Soemmerring was, in fact, a charac
teristic "uncertainty and incapacity" of the whole faculty of medicine, for 
which Kant proved not a recourse but an exacerbation. To be sure, Kant was 
invoked-ubiquitously-but there was nothing unequivocal about that in
vocation. In fact, it is not at all clear that the generation of 1790-1820 could 
come to a clear determination of exacdy what Kant's philosophy meant. As 
Brigitte Lohff so well states, "Kant's influence is more frequendy assumed 
than specified," in the secondary literature on the period.24 His own pub
lications contributed to the confusion. In 1800 the Jlische Logic appeared, 
offering to a wider readership Kant's general introduction to the field of 
philosophy as he had presented it to students at Konigsberg University for 
a generation.25 But this text was an amalgam of precritical and critical for
mulations, not a guide to the critical philosophy in its finished form. Al
most simultaneously, three new editions of Kant's Allgemeine Naturgeschichte 
( orig. 1755) appeared in 1797, 1798, and 1808, to say nothing of its inclusion 
in several collected editions of Kant's work that were brought to market at 
the very end of the eighteenth century.26 The Allgemeine Naturgeschichte was 
Kant's boldest effort toward a history of nature (cosmogony), but it also con
tained his most imaginative speculations about life on other planets, and 
more. Here "method" and "manner'' were blurred in a way that hardly befit
ted Kant's "critically" policed natural science. 27 Yet it was widely and enthu
siastically received. A striking bit of evidence in this regard is a letter that 
Wilhelm von Humboldt wrote to Friedrich Schiller, September 28, 1795, in 
reaction to Kant's commentary on Soemmerring: "This letter is extremely 
original and contains, besides a very well applied corrective of the peculiar
ity of searching for a seat of the soul, a hypothesis about how water might 
act upon the nerves, in which Kant appears exacdy as he did in his theory of 
the heavens, and which has not been seen from him in the many years since 
then [in der Kant ganz so, wie in seiner 'Ibeorie des Himmels erscheint, und wie 
man seit vielen Jahren ihn nicht wieder auftreten sah ].''28 

Even the rigorously "critical" Kant seemed to point in a myriad of direc
tions. 29 McLaughlin has made the very important point that the message of 
Metaphysische Anfangsgriinde der Naturwissenschaft was not the same as the 
message of Kritik der Urteilskraft.30 It was the so-called dynamic physics of 
the former, though not its rigid stipulation for "proper" science, that was 
most widely taken up by natural scientists of the 1790s.31 With regard to 
Kritik der Urteilskraft, Kant's account of organism, as McLaughlin correcdy 
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notes, posed uncongenial objections to the inquiry into life-forces that was 
the driving concern of physiological investigation in the era.32 Kant proved 

a bewilderment, not a panacea. That is why, as Dieter Henrich observed 
with harsh accuracy, Kantianism dissolved almost instandy into a host of 
"post-Kantianisms" over the decade of the 1790s.33 The consequence of that 
historical ambiguity in "post-Kantianism," I contend, is that we have to be 

extremely careful in crediting so-called "transcendental Natuiforschung" as 
authentically "Kantian" in any sense that would make Schelling (or Rein
hold or Fichte or Hegel) not Kantian.34 

The goal of physiology was not to describe any particular organism but 
rather to grasp the life process that it instantiated. Process needed to be 
theorized behind its observed particular objectifications. Simple observa
tion was not sufficient; experiment presupposed hypothesis; evaluating ex

perimental results always involved rational reconstruction, and the knower 
was always implicated in both ,construction and interpretation of the ex
perimental system.35 Results were always partial, even if the aspiration was 
to a totality. For the era after 1795 those who theorized about medicine as 

� a science had to wresde with Kant's "critical" characterization of the rela
tionship between the rational and the empirical, between the a priori and 
the a posteriori, and his particular construal of the limits of human un
derstanding concerning nature-including human nature-as they applied 
to medical knowledge. It was clear that physiology had to be an empirical 
science, but what would raise it to the level of valid knowledge? I agree with 
McLaughlin that we must discriminate between what a late eighteenth
century life scientist took as the object of inquiry and what Kant, as a phi
losopher of science, interjected at a metalevel. As McLaughlin notes, a life 
scientist must work with the actual, while a philosopher may well question 
the very possibility of access to it.36 That is crucial to a reconstruction of 
what was happening in the life sciences of the epoch 1790-1820. Kant ar
ticulated a prescriptive notion of "proper science" that seemed to under
mine, rather than enable, empirical science-particularly to the physiologi-
cal and wider medical community. Lohff documents the bewilderment of a 
generation of thinkers grappling with Kant's wisdom. His rigorous stipula
tions of systematicity for authentic science left physiologists and medical 
professionals generally feeling inadequate-caught, in the words of one of 
the key spokesmen of the profession, "between system fever and clueless 
empiricism [zwischen Systemsucht und ziigelloser Empirie]!'37 

The challenge of Kant's rigorous notion of "science" discomfited medical 
professionals concerning both their public authority and their fundamental 
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mission: "Should the ultimate goal of the physician be therapy or natural re
search?"38 If there were a way to restructure medicine into a "pure science;' 
this potential dilemma would be averted. Thus, Kant "was explicitly and fre
quently invoked in the physiological texts;' but it was not clear whether his 
point was that there could be no knowledge without experience or that the 
only authentic knowledge was a priori.39 Was the "critical" philosophy cau
tionary for the practical pursuit of medical knowledge, testing it against ideals 
of systematicity and certainty, or was the "critical" philosophy-in Moses 
Mendelssohn's striking phrase-"alles-zennalmende"; that is, did it crush the 
very possibility of "scientific" medicine?40 Again, it was not that natural sci
entists, philosophers, even theologians did not want to be Kantian: everyone 
did. The problem was that Kantianism could not be specified in a manner 
that they could first of all comprehend and thereupon integrate effectively 
into their practices. Thus, the massive three-volume effort of the theologian 
Carl Christian Schmid, an early Kant enthusiast, to instruct physiologists on 
how to do their science under the auspices of Kantian philosophy, while duly 
noted, had no substantive impact on the Fachgebiet.41 

This gives us some insight into why Kantianism was so swiftly overshad
owed by Schelling.42 Neither Schelling's charisma nor his celebration of 
living nature by themselves could have made this possible.43 It was rather 
that Kantianism itself proved starkly polyvalent. 44 Cad Friedrich Kiel
meyer put it well, in his effort to distance himself from Schelling's Natur
philosophie in response to Cuvier's query and tacit accusation: not only was 
Schelling doing something original, but he was responding to real problems 
in Kant's own formulations. 45 Frederick Gregory, no enthusiast for this turn 
of events, identifies three factors: "that in Kant nature seemed somehow 
less real than mind, that Kant's scientific description of nature had to be 
restricted to mechanistic interaction alone, and [more generally] the con
fusion that reigned about the status of scientific theory and the relation of 
science to religion!'46 

To establish why life science turned from Kant to Naturphilosophie, con
sider Lohff's detailed reconstruction of the reception of Kant's philosophy 
by the German physiological community at the close of the eighteenth cen
tury. 47 That coincided with and exacerbated a "foundational crisis" con
cerning the scientific status of medicine.48 Symptomatic was the immediate 
uptake of a work by the French ideologue Pierre Cabanis that questioned 
the "certainty" of medical knowledge. 49 This played into a domestic con
troversy launched in 1795 by an anonymous article, "Uber die Medizin;' in 
one of the key journals of the popular-philosophical Enlightenment, the 
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<feutsche Merkur.50 The protagonist, "Arkesilas" (actually Johann Benjamin 
Erhard [1766-1827]), blasted the pretensions of medicine to science, de

nouncing "the 'uncertainty' of medical knowledge and its failure to mea
sure up to the criteria of a philosophical Wissenscha.ft."51 Arkesilas/Erhard 
invoked Kant for a philosophical standard of"proper" science. 52 He was an
swered by no lesser figure than Christoph Wilhelm Hufeland (1762-1836), 

the most important defender of the reputation of clinical medicine in the 
era. 53 The crisis threatened professional medical authority, and it swept up 
physicians into debates for the next decade and more. One response was the 

famous enthusiasm for Brownian medical theory in Germany. Within phys
iology it pushed even more forcefully toward a scientific identity grounded 
in experimental research, not practical outcomes. 

Schelling's Naturphilosophie came to be taken up simultaneously with 
Kant's philosophy, and often as the resolution of the quandaries in which 
the latter had left interpreters, 54 What did Naturphilosophie have to offer re
searchers in life science? I take my cue from Schelling. "It is an old folly;' he 
observed in 1798, "to believe that organization and life cannot be explained 
through natural principles. If that is as much as to say: the first origin of 
organic nature cannot be investigated physically, then this unproven claim 

accomplishes nothing more than to crush the ambition of the researcher.''55 
This was the decisive point that linked his program in Naturphilosophie to 
the ambitions of emergent life science. And there is no question that the tar
get of Schelling's criticism was Kant. He saw himself undertaking a philo
sophical rescue operation for a natural science in epistemological crisis, on 
the one hand, and on the cusp of theoretical breakthroughs, on the other. 
Lee Ann Hansen Le Roy captures this sense by evoking one of Schelling's 
earliest and strongest adherents, the young Danish research scholar Henrik 

Steffens (1773-1845): "As Steffens saw it at the time, Kant had made a phi
losophy of nature impossible. Schelling had saved the day.'' 56 

This is the decisive significance of an interview that took place in Jena 

in 1799 between the eminent "eclectic" professor of medicine Christoph 
Hufeland and the young Steffens, to discuss reviewing Schelling's new 
texts-from the Von der Weltseele of 1798 through the Erster Entwuif and the 

Einleitung of 1799-for the Jena ALZ, especially in the wake of Schelling's 
vehement protests over the hostile reviews that journal had published of his 
Ideas of 1797.57 Hufeland represented the editorial board of the ALZ, which 
would remain utterly hostile to all aspects of Schelling's Naturphilosophie 
for the balance of its career; he was feeling Steffens out as a potential re
viewer who would support the line of the journal, soi-disant "orthodox" 
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Kantianism.58 Steffens reported the decisive moment in their conversation 
in his autobiography, Was ich erlebte: 

"You are still convinced;' Hufeland said, "that one can go no further in the phi
losophy of nature than Kant has gone in his Metaphysics of Natural Science, on 
the one hand, and in his Critique of Judgment, on the other!' 

"By no means;' I answered very decisively, for I clearly perceived the intent 

of this question. "The boundaries that Kant saw as insurmountable, on the con
trary, make a philosophy of nature impossible, and Schelling has rightly gone 

beyond them."59 

That Schelling had addressed decisive aporia in the philosophy of science 
of Kant, which cried out for an alternative construction, was the crucial 
realization in the scientific community around 18oo that induced them to 
take up Naturphilosophie. Essentially, Naturphilosophie recentered rational
ity in nature as a whole, deriving human reason as a (preeminent) part of 
this larger whole. 60 It sought to reformulate the relation between matter 
and force in the physical sciences, to reanimate the physical world. Emer
gence and process became central to the idea of nature in itself. It became 
inherently creative. Self-production in nature moved from the simpler to 

the more complex; it took on historical-developmental form. Accordingly, 
science needed to shift its attention from a set of determinate products to the 
immanent processes that generated them-in philosophical terms, from na
tura naturata to natura naturans. 61 

Steffens noted in another passage of his autobiography that when he 
went to meet Schelling at the University of Jena in 1799, proposing to at
tend his lectures on Naturphilosophie, he was greeted by the younger man 
with real joy, for he was the first natural scientist who had approached 
Schelling in a positive fashion. 62 Thus, Steffens proved a pioneer in the re
ception of Schelling for natural science. His review of Schelling's works of 
1798-99-not in the ALZ but in Schelling's new journal, Zeitschrift for spe
kulative Physik (1800)-represented the first major published appreciation 
of Schelling's system. Meanwhile others were drawn to Schelling's ideas: 
Goethe and Schiller, as we have already noted; also Johann Ritter, the young 
experimental physicist at Jena. Ritter was already deeply embroiled in his 
own research project linking galvanism to chemical and physiological pro
cesses and laying the groundwork for a theory of electromagnetism that 
Hans Christian Oersted and Michael Faraday would carry forward. 63 His 
interactions with Schelling from 1799 onward proved enriching for both 
of their programs. 64 From Tiibingen, Eschenmayer had already reached out 
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to Schelling in correspondence, sending him his pioneering dissertation of 
1796 on a dynamic metaphysics of nature. 65 Schelling praised that work ex

plicidy in his first book on Naturphilosophie in 1797.66 A student of Kielmey
er's at the Karlsschule from 1783 to 1794, Eschenmayer published a set of 
crucial contributions of his own to the emergence of Naturphilosophie: first, 
Siitze aus der Natunnetaphysik auf chemische und medizinische Gegenstiinde an
gewandt (1797), a revised version of his dissertation; second, Versuch, die Ge
setze magnetischer Erscheinungen aus Siitzen der Natunnetaphysik, mithin a pri
ori zu entwickeln (1798); and finally, "Deduktion des lebenden Organism;' 

in Magazin zur Vervollkommnung der theoretischen und praktischen Heilkunde 
(1799), the key journal of Brownian medicine edited by Andreas Roschlaub. 
Eschenmayer and Schelling would engage in a very important exchange of 

views on Naturphilosophie in the second volume of Schelling's Zeitschri.ft for 
spekulative Physik in 1801.67 

Notably, the last segment of Eschenmayer's 1797 Siitze had taken up with 
enthusiasm the new Brownian theory of medicine elaborated by Roschlaub, 
and this became an important element in his exchange with Schelling in 
1801.68 Already by then Schelling was in direct interaction with Roschlaub, 
having discerned convergences between his own Naturphilosophie and 

Roschlaub's elaboration of Brownian "excitabilty [Erregbarkeit] ." In cor
respondence and then in their published works, Schelling and Roschlaub 
elaborated that convergence. 59 This became the most important interaction 
between Schelling and the natural sciences, triggering what some have 
termed "Romantic medicine."70 

H E N R I K  S T E F F E N S  A N D  T H E  S C I E N T I F I C  

E M B RA C E  O F  NA <J' U R P H I L O S O PH I E  

Steffens stands at the head of this chain of developments. He had studied 
mineralogy and botany at the University of Copenhagen before continuing 

. his studies at the University of Kiel from 1796 onward.71 Already exposed, 
in Copenhagen, to the ideas of Kant, Herder, and Goethe, among others, as 
well as to Lavoisierian chemistry, at Kiel Steffens read Schelling's first two 

books of Naturphilosophie and experienced what he later characterized as 
virtually a religious conversion. In the fall of 1798 Steffens went to Jena to 
attend Fichte's lectures in philosophy. Thus, he was present when Schelling 
arrived to deliver the inaugural lectures on Naturphilosophie in 1799. Stef
fens attended these and became personally acquainted with Schelling, and 
they proved lifelong friends. Schelling became enthusiastic about Steffens's 
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project of a dynamic geology, and he published in his journal in 1800 a 
preliminary sketch that Steffens had delivered to the Jena Natural History 

Society. 72 Moreover, Schelling urged him to go on to Freiberg to study with 
the great master of geognosy, Abraham Gottlob Werner, as Steffens did in 
1801. In Freiberg Steffens then published his first major work, Beytriige zur 
inneren Naturgeschichte der Erde, aimed at the integration of chemistry and 

geognosy in a developmental history of the earth.73 It was one of the first 
works of natural history explicitly to invoke Schelling's inspiration, though 
it was dedicated, significantly, to Schelling's patron and intellectual partner 

in those days, Goethe. 
What in Schelling's work inspired Steffens? His review of 1800 is the 

clearest basis for establishing this. The two-part review commenced with 

the issue of the general relation between philosophy and empirical inquiry. 
Steffens took Schelling's point to be that experiments always required a 
framework from which to design inquiry and to appraise outcomes; thus, 

a prior theoretical vision was indispensable. Moreover, the goal of natural 
science was a general system of laws that would establish the unity of 
nature, and this system could simply never be reached from the accumu
lation of details. 74 It required conceptual work, which is what Schelling 

meant by speculation. 75 Schelling's whole project of a "speculative physics" 
needs to be grasped in terms of this complex dialectic between theory and 

experiment, process and product, particularity and theoretical integration. 
What empirical inquiry could generate would always be tentative hunches 
("hypotheses"), but a true science would need a higher warrant. Ultimately, 

the goal of knowledge was necessity, the "incontrovertible stamp of truth;' 
and such necessity was a philosophical, not an empirical, achievement. 76 
Not only did such a view reflect the classic tradition of scientia in natural 
philosophy, but it was also the explicit standard Kant had enunciated in the 
critical philosophy, the most current and compelling philosophy of science 
on offer in Germany at the close of the eighteenth century. 

Steffens noted that Schelling's position needed to be distinguished on 
two fronts from other positions of the day. First, within philosophy, tran
scendental philosophy (in Kant and Fichte) privileged the subject, but 

Naturphilosophie emphasized the self-constitution of objective nature.77 Sec
ond, relative to empirical inquiry, Steffens noted that the physical sciences 
presumed "dead" nature as the foundation of the living, but this proved a 
fruitless approach. 78 Schelling's Naturphilosophie turned that upside down, 
envisioning nature as intrinsically productive (alive): "Nature is originally 
organic, that is, its products are productive."79 Nature had to be understood 
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as process, not simply as product. This was the essence of the Spinozist dis
tinction of natura naturans from natura naturata. Yet Schelling recognized 

that without determinate articulation into products, this process character 
would be empirically inaccessible: absolute self-constitution would be in
standy completed. Nature, as the universal positive force of productivity, re
quired a negative, or "retarding;' force to achieve concrete instantiations in 
its products.80 Thus, for Schelling, all determinate products in nature were 
the results of the interaction of a positive and a negative force. From their 
interaction arose all concrete qualities in the physical world. Moreover, each 
such concrete actualization was itself intrinsically changing: every product 
itself began to produce novelties. Nature was always becoming, never static. 

What in Kant was a specific, quasi-empirical matter theory became 
in Schelling's hands a universal theory of natural self-construction. In 
all nature, Steffens noted, Schelling saw development from the formless 
(fluid) to the structured (Gestaltung; solidity).81 Thus, behind all "fixed form 
[starre Gestaltung];' Schelling evoked the fundamental forces that moved 
in, through, and beyond it. 82 Steffens explained that Schelling elaborated 
a theory of the interaction of the forces of gravity, magnetism, electricity, 
heat, and light, culminating in chemical processes and ultimately in orga
nized life-forms. Organized life was not simply the end product, however; 
it was the originating principle of all nature, so that in organic life, nature 
was only returning to itself in a more elaborate form. Thus, "organic life is 
nothing other than concentrated nature itself.''83 All the processes of nature, 
in the organic as in the inorganic world, constituted a unity: "only one force 
courses through all of organized nature.''84 In his Von der Weltseele, Schelling 
proceeded to this analogy inductively from the results of the empirical 
sciences, but in the Erster Entwuif, he proceeded constructively. That is, he 
deduced life from the principle of productivity of nature itself. 85 

At the close of his review, Steffens stated that he would utilize these ideas 
in his own approach to earth science, by relating the forces of interaction on 
earth (magnetism and chemical process) to the influence of the sun (grav
ity and light), reciprocal influences that had led to the emergence of organic 
forms. He promised to present his findings in a monograph, his Beytriige 
zur inneren Naturgeschichte der Erde. 86 That work appeared in the following 
year, based not only on Schelling's ideas but on intense study with Wer
ner in Freiberg to achieve a better understanding of geognosy. 87 In Beytriige 
Steffens endeavored to array all the earths into two series-the silaceous 
(kieselige) and the calcareous (kalkige).88 In this way, he hoped to synthe
size two fields of research-laboratory chemistry and natural history (spe-
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cifically geognosy).89 By the same token, he attempted to show that merely 
chemical analysis could never explain organic life.90 Thus: 

Those materials that have been elevated to the level of organization are re

leased from the laws of chemical relations during the course of life, just as the 

same materials in the course of chemical process are released from the laws 

of gravity; that higher potency of dynamic process in general loses itself in 

the lower chemical [level] with the moment of the disappearance of life, just 

as chemical material must fall back under the laws of gravity the moment the 

chemical process is completed. The merely chemical laws of relation are thus 

just as inadequate to explain vegetative or animal process as the mechanical 

laws of gravity to explain higher chemical processes.91 

With his "inner natural history of the earth," Steffens tried to demonstrate 

the progression from the inorganic (silaceous and calcareous earths) to the 
organic (vegetative and animal process), expressing the continuity between 

the history of nature and the current findings of plant chemistry.92 Follow

ing Kielmeyer's scheme, Steffens contended that the lower the level of the 
animal organism, the more irritability preponderated over sensibility, then 
yielded to reproductive force, which completely dominated plant life. The 

same ratios could be found in animal and plant chemistry: decline in nitro

gen compounds and increase in carbon compounds. 

Steffens suggested that the mineralogical composition of mountain for
mations established by geognosy could be correlated to the emergence of 
the life processes. Drawing extensively from Blumenbach's paleontology, 

Steffens concluded: "Thus, in the oldest mountains we find fossils of the 

lowest animal levels; gradually in the more recent mountains there appear 

remains of higher levels; and only in the most recent do we find the remnants 

of mammals."93 For Steffens, the key result was that in nature itself there 
was an immanent propensity to generate vegetative and animal forms. 94 

Using Schelling's Naturphilosophie as a framework, Steffens argued that he 
could follow the "formation of the earth from one stage to the next . . . .  This 

progression in formation examined scientifically constitutes the true history 
of the earth . . . .  In order to distinguish this science from so-called natural 

history, which occupies itself merely with making distinctions in the exter
nal appearances of things, I call this inner history of the earth."95 While this 

could never be completely articulated, Steffens conceded, "we can demon
strate nonetheless the main epochs in the formation of the earth and prove 
these from experience!'96 

Like Kielmeyer and others, Steffens insisted that the repudiation of 
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"spontaneous generation" had been premature, and that if one considered 
the lowest forms of life-infusorians and those forms that seemed ambigu

ous as to their animal or vegetative nature (zoophytes)-the prospect of a 
continuity from the inorganic to the organic was not only tangible but in
dispensable.97 Moreover, the lower orders of animal life also represented 
the oldest fossil remains. But the process of individualization in the animal 

order was too complex and diverse to be arrayed on a single linear scale, 
as Bonnet endeavored, or even in a network. Only a functional approach 
could make sense of this diversity, as the comparative physiology proposed 
by Kielmeyer promised. 98 In any event, all this allowed the conclusion that 
nature actively pursued more and more organized form. Also, in terms 
of the senses and sensibility generally, the higher the organism, the more 

differentiated the senses and the more complex the general sentience
culminating, of course, in man and reason. 99 

For Steffens, all this was in the spirit of Schelling's Naturphilosophie. 
Moreover, it drew heavily and explicitly not only on Werner's geognosy 
but on the new "French" chemistry, on Blumenbach's paleontology and on 
Kielmeyer's address on the developmental relation of the vital forces. In 
all these ways, Steffens's monograph documents the mutual fruitfulness of 
Naturphilosophie and all the elements of emerging historical life science that 
have been traced in this study. By 18o6, now a professor at Halle, Steffens 
had developed a lecture textbook, Grundziige der philosophischen Naturwis
senschaft, in which he elaborated a philosophy of science and of nature on 
an explicitly Schellingian model.100 In that work, Steffens took on the role 
of custodian of the movement, defending not only against external enemies 
but especially against internal deviants from what he understood to be or

thodox Naturphilosophie. At Halle, too, Steffens undertook the recruitment 
of Johann Christian Reil for the movement.101 Although it was not until 
after 1806, when the university was closed by the Napoleonic incursions, 
that Reil made the full transition, it is clear that Steffens played a significant 
role in his conversion. 

Another self-appointed curator of Schellingian Naturphilosophie was the 
Gottingen-trained plant physiologist Franz Joseph Schelver (1778-1832).102 

He began his studies at the University of Jena in 1796, taking courses from 
the whole battery of natural-scientific eminences at the university, as well 
as philosophy courses from Fichte. Then, in 1797, he switched to Gottingen, 
where he concentrated on medical courses and particularly attached him
self to Blumenbach. Under the latter he completed his MD with a disserta
tion, De Irritabilitate, in 1798. Thereafter, he moved to Osnabriick, where he 
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practiced medicine for a time and also gave lectures, on the basis of which 
he issued his first publications: "Erster Beitrag zur Begriindung eines zoolo
gisches Systemes" (1799) and Elementarlehre derorganischen Natur, erster'1eil: 
Organomie (18oo; not continued), dedicated to his teacher Blumenbach. By 
1800 Schelver had converted to Schelling's system, incorporating it into his 
own work. From 1801 to 1803 he taught courses at Halle in Naturphilosophie 
after Schelling. 

In 1802 he launched a journal for whose short life he was the only con
tributor, Zeitschrift for organische Physik. The journal title was obviously 
drawn from Schelling's own Zeitschrift for spekulative Physik. The entire sec
ond (and final) issue was devoted to Schelver's "Erste Darstellung des Sys
tems der Physiologie des Menschen," which Bach terms a "potpourri" from 
different bits of Schelling.103 It would have significant influence in the field. 
Bach conjectures that Schelver suspended the journal upon his appoint
ment as director of the Botanical Gardens at Jena in 1803 at the invitation of 
Goethe. Schelver turned to botanical courses at that point. 

In the opening essay of the journal, Schelver recognized the impor
tance of philosophy of science and of nature for the concrete practice of 
empirical science. He repudiated the demand that all knowledge have im
mediate practical benefit, and he denounced equally the crude empiricism 
of mere fact without theoretical foundation, or of mere descriptive classifi
cation based on external properties. Against this blind empiricism, Schelver 
proposed an "organic physics"-more cogently rephrased: a natural science 
of the organism. His journal proposed to engage the "wonderful and col
orful chaos" of the various research fields of medicine, zoology, pharma
cology, botany, and mineralogy, seeking to bring them to some level of co
herence.104 Unifying these disciplines was his ambitious, if not entirely 
attainable, goal. 

While Schelver clearly wrote the whole journal himself, he used the 
term "we" to betoken his membership in the community of Schellingian 
Naturphilosophen. Bach identifies three components in Schelver's advocacy 
of Naturphilosophie in these years. First, Schelver insisted upon the need for 
philosophy of nature as a basis for natural science. Second, he took on the 
role of "multiplier"-that is, propagator-of Schelling's system. Finally, he 
developed a more concrete application of Schelling's system to physiol
ogy.105 For Schelver, with respect to the first point, Naturphilosophie needed 
to be understood as a framework within which natural-scientific inquiry 
could locate the gaps in empirical knowledge and offer general laws that 
would guide the concrete investigations of empirical researchers. The third 



NA 'J U R P H  I L O S O P H  lE A N D  P H Y S I O L O G Y 333 

aspect of his advocacy was carried forward in the journal's second issue, 
with the presentation of his system of physiology. 

Of greatest interest is the second component, which found most sa
lient expression outside his own journal. Schelver published a series of 
reviews for the Erlanger Litteratur Zeitung in which he criticized Andreas 
Roschlaub's journal, Magazin zur Vervollkommnung der theoretischen und 
praktischen Heilkunde, as well as Roschlaub's integration of his Brownian 
theory of excitability with Schelling's Naturphilosophie in his Lehrbuch der 
Nosologie (1801). While Schelling appreciated any advocacy of his system 

in the German cultural sphere, he was not pleased with Schelver's criti
cism of Roschlaub, whom he at that point esteemed very highly as an emi
nence in German medicine far superior to Schelver. He also found fault 
with Schelver's own understanding of the Naturphilosophie that he felt called 
upon to arbitrate in others. Nonetheless, Bach notes, Schelling supported 
Schelver's appointment to the directorship of the Botanical Gardens in Jena 
and remained in correspondence with him for years thereafter. What mo
tivated Schelling's criticism of Schelver was the clear sense that a strategic 
alliance with Roschlaub would be far more efficacious in establishing his 
Naturphilosophie across the Germanies. 

B A M B E R G  A N D  W U R Z B U R G : T H E  E F F O R T 

T O  S H A P E  M E D I C I N E ,  1 8 0 0 - 1 8 0 6  

The most salient confluence of these years for Naturphilosophie and life 
science came in the affiliation of Schelling's philosophy with the sudden and 
explosive interest in the medical system of John Brown in Germany after 
1795.106 Brown had published his work some time earlier, without any Ger
man uptake, and he had died in the interval.107 In 1791 Christoph Girtan
ner published some of Brown's ideas as his own, and his plagiarism was de
nounced a year later, but without generating any strong interest in Brown's 
own work.108 Then, while still a medical student, Andreas Roschlaub (1768-
1835) became acquainted with an Italian edition of Brown's works and sent 
this on to the popular writer Adam Weikard (1742-1803). Weikard produced 
a translation of Brown's text into German in 1795. Within a year, a second 
translation by Christoph Pfaff appeared. More importantly, Brown's ideas 
were taken up and reinterpreted by key German medical theorists, preemi
nently Roschlaub. "It was Roschlaub's interpretation which made Brown's 
principle acceptable" in Germany, Nelly Tsouyopoulos has noted.109 By 
1798 Brownian medicine had established a major beachhead at the Barn-
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berg General Hospital under the leadership of Adalbert Friedrich Marcus 
(1753-1816), and Brownian medicine began to be discussed everywhere. In 
1799 the ALZ published a critical review of the literature on Brownianism 
in Germany, recognizing with distaste its new prominence in the medical 
world.110 Simultaneously, Pfaff published a second edition of his transla
tion, accompanied by a highly critical commentary, and Girtanner pub
lished a new monograph criticizing Brownian medicine. m Roschlaub, who 
had created a journal to propagate the new ideas in that same year, used 
that venue to respond, defending his reformulation of the Brownian ideas. 

Brownian medical theory seemed a possible answer to the conun
drums of a German medical profession deeply anxious about its "scientific" 
status.112 "In the 'dogmas' of Brown the post-Kantian philosophers, doc
tors, and poets saw the first step towards a philosophical treatment of medi
cine[,] . . .  deducing it from the principles of pure reason."113 At the same 
time, this seemed a way to answer the challenge posed by the emergent field 
of organic chemistry, with its doctrines of "Fonn und Mischung" as a basis 
for organic life, propagated by figures like Reil. Both Brownianism, with 
its theory of "excitation;' and chemical dynamism (Lavoisier's chemistry) 
articulated theories of forces that connected the inorganic and the organic, 
environment and organism. Of course, that was why this community was 
drawn to Schelling's Naturphilosophie in these same years. As Lohff charac
terizes it, "for physiology it was primarily Brownianism and chemical dy
namism that had to be brought into consistency with the Kantian and the 
Schellingian foundations for physiology as science!'114 

Brownian medicine entered into the earliest of Schelling's writings 
on Naturphilosophie. He learned a great deal about Brown's system in his 
lively conversations with Pfaff in Leipzig in 1796, for Pfaff had just pub
lished his own translation of Brown's Elementa and Schelling was particu
larly interested in getting up to speed on life sciences and medicine.115 But, 
as Schelling understood Brown through these discussions, the account of 
disease seemed to assert the passivity of the organism in the face of envi
ronmental stimulus.116 Schelling preferred a more active conception of the 
organism. He made his skepticism of Brownian medicine explicit in his Von 
der Weltseele of 1798. But then he began to reconsider. The decisive influ
ence came from the work of Roschlaub, the first volume of whose Untersuc
hungen appeared in 1798.117 An additional source was Eschenmayer's Siitze 
zur Natunnetaphysik of 1797, the second part of which was an enthusiastic 
discussion of Brownian medicine.118 A more positive assessment of Brown, 
with explicit acknowledgment of Roschlaub, appeared in Schelling's Erster 
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Entwuifof 1799.119 Correspondence between the two figures may have be
gun in that same year, if not before, though the surviving correspondence 

dates only from 18oo.120 By early 18oo, in any event, Schelling was quite 

cognizant of the crucial role of the Bamberg General Hospital in the clinical 
testing of Brownian medicine, led by Adalbert Marcus with the theoretical 

collaboration of Roschlaub.121 At that point he resolved to visit Bamberg 

and get to know all of this - and with it, cutting-edge medical theory and 
practice-firsthand. He requested and received leave to remain at Bamberg 
for a semester, and he taught his Naturphilosophie at the Bamberg univer

sity even as he observed and studied medicine at the Bamberg hospital with 

Marcus and Roschlaub. 
Schelling believed it was crucial to intervene philosophically in medi

cine.122 Personal circumstances intruded dramatically to intensify his con

cern. A series of tragic illnesses involving his beloved Caroline Schlegel and 
then her daughter Auguste in ·the spring and summer of 18oo, culminat
ing in the death of Auguste, elicited scandalous reports, fomented by the 

ever-hostile ALZ, that Schelling's interventions applying Brownian therapy 
had led to Auguste's death.123 Schelling went to Goethe in the hope that 
the latter would use his office to suppress these scandalous accusations, but 

Goethe did not feel he could do so. In protest Schelling resigned his position 

atJena, much to Goethe's regret.124 
This was also the moment in which Fichte finally recognized the extent 

of the departure of Schelling's Naturphilosophie from his own system, and 
the two philosophers fell out into harsh opposition.125 Haunted by all this, 

Schelling entrenched himself in Bamberg and intensified his commitment to 

the study of Brownian medical theory and its integration into his Naturphi
losophie. Roschlaub was a willing partner, incorporating Schelling's reinter

pretation of "excitability" as a dialectical process of irritability and sensibil
ity from the Erster Entwuifinto his own new synthesis, Lehrbuch der Nosologie 
(18o1).126 Schelling worked closely with Roschlaub and Marcus and their 

circle at Bamberg to develop the highly desired "scientific" basis for medi
cine through Naturphilosophie. This intense collaboration drew the fire of the 
ALZ in 1802, with a blistering condemnation of a set of dissertations pro

duced in the Bamberg medical school for spouting nonsensical "Schelling
Roschlaubian Naturphilosophie.m27 Ever a polemicist and armed with a jour
nal of his own, Roschlaub responded equally fiercely in his Magazin. For 

the German academic public, Schelling and Roschlaub appeared firm allies 
in the merger of Brownian medicine and Naturphilosophie, and their cor

respondence confirms close and cordial relations between the two figures. 
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When in 1802 Roschlaub was called to a chair at Landshut, where the old 
University of Ingolstadt was relocating, Schelling wanted to join him, but 

Roschlaub was unable to engineer a position for him. With Roschlaub gone, 
Marcus recruited some new associates for the Bamberg General Hospital, 
most prominently the surgeons Philipp Franz von Walther (1782-1849) and 
Konrad Joseph Kilian (1771-1811). But this cluster of figures around Marcus 

grew envious of Schelling's closeness with Roschlaub and jealous of the 
latter's prominence in the general reception of Brownian medicine in Ger

many. As Tsouyopoulos reconstructs it, they set about smearing Roschlaub's 
reputation and undermining Schelling's confidence in him.128 In 1802, 
shortly after Roschlaub departed, a scurrilous pamphlet was published, os
tensibly by an anonymous friend, purporting to be a public confession by 

Roschlaub of the banality and incoherence of his understanding of medi
cine and philosophy.129 At the height of his career, Roschlaub did not take 
this seriously. More dangerous for him was a publication by Marcus's new 
ally Kilian, Differenz der echten und unechten Erregungstheorie (1803), which 

clearly sought to split Schelling from Roschlaub.130 
When the University of Bamberg closed in 1803 in the wake of territorial 

shuffling associated with the Napoleonic conquests, the new ruling au

thority, the Kingdom of Bavaria, determined to invest all its energies in the 
overhaul of the University ofWiirzburg. Marcus was able to obtain a chair 

for Schelling there. Walther moved on from Bamberg shortly thereafter 
to Landshut, where he set about challenging Roschlaub's authority in the 
field. When Roschlaub appealed to Schelling for support, the latter aligned 
himself more openly with the opposition.131 A new journal, Jahrbiicher der 
Medizin als Wissenschaft, began appearing in 1805 under joint editorship of 
Schelling and Marcus, with the clear aim of discrediting Roschlaub's inter

pretation of Brownian medicine and undercutting his position in the Ger
man medical and philosophical community.132 This was simultaneously the 
high point of Schelling's integration of medicine and Naturphilosophie and 

his final engagement with the latter. 

In the pages of the Jahrbiicher der Medicin als Wissenschaft Schelling laid 
out in the most accessible form his latest conception of Naturphilosophie and 

tried to link it to the needs and prospects of the medical field. That began 
with the foreword Schelling provided to the first issue of the new journal, 
originally intended to appear in January 1805 but only appearing in the fall 
of that year. The foreword celebrated the priesthood of all naturalists and 
highlighted the investigation of life as the highest calling: "The science of 
medicine is the crown and the flower of the natural sciences, just as the 
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organism in general and the human in particular constitute the crown and 
flower of the world.m33 Because of this sovereign status, "philosophers and 

naturalists of every sort, chemists and anatomists, zoologists and physicians, 
unite in the common endeavor to elevate the science of the organism and 
therewith medicine to the peak that it should occupy, and gradually to move 
it forward."134 What he hoped was that "the holy bond that unites all the 

things of nature without suppressing any [should be] possible among schol
ars" as well, for as nature was one, so too must the "fundamental vision and 
perspective of the mind . . .  in science and art" be "one universal, boundless 

vision of beauty and truth united.m35 This high Romantic rhetoric had its 
core in philosophy. "The vantage of philosophy . . .  is this: the absolute is 
the original or primal form [Urbild]; philosophy as the work of humans is a 

copy or afterimage [Nachbild]; the soul moves between the two to appraise 
the resemblance of the latter to the former.m36 

To establish the proper relation between philosophy, theory, and expe
rience was the crux of Schelling's philosophical endeavor. In the empirical 
sciences, individual observations-"facts" without theoretical context
could not constitute any viable insight. Theory was inescapable. But how 

was it to be grounded? Kant had made the question of the warrant of 
science a general philosophical problem, aiming at once to enable and to 
delimit the possibility of science. Yet he also argued that philosophy had 
to establish its own authority transcendentally, without recourse to expe
rience. This led to attacks from two sides. Empirical researchers insisted 
that observations had to be the basis for natural science, that "speculation" 
was empty, echoing the rhetoric of the Reaumur-Bonnet school of natural 
history and the even earlier radical "Baconianism" of the Royal Society of 
London in the era of Newton. Transcendental philosophers, on the other 
side, claimed that philosophy needed and could have no confirmation in the 
natural order, because the latter was entirely the product of transcendental 
constitution. Nature was but an epiphenomenon of spirit. Subject contained 
and posited phenomenal substance. This was the position of Fichte, and it 
was echoed in the "nature metaphysics" of Eschenmayer in his controversy 
with Schelling in the pages of the Zeitschrift fur spekulative Physik in 1802, 
as Schelling clearly understood.137 Nonetheless, Schelling wished to bring 
his system of "speculative physics," his Naturphilosophie in its latest incar
nation, into direct connection with medicine. That is, he proposed that the 
general insights into nature as a whole that were developed in Naturphiloso
phie would have determinate consequences for medical practice. 

It was to this that Schelling turned in his most important contribution to 
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the Jahrbiicher, the essay "Preliminary Characterization of the Standpoint 
of Medicine according to the Principle of Natural Philosophy."138 The es
say began with a sharp repudiation of Brownian theory in medicine be
cause it approached the organism externally rather than recognizing its in
ner activity. The latter was what Naturphilosophie provided. "The basis of the 
organism as such cannot lie in any particular principle of nature. For only 
absolute nature, infinite substance in itself, carries within itself the particu
lars of the world as eternal fruits [gewachse], just as the organic whole, as 
long as it lasts, forms its members in a fixed form."139 The one was infinite, 
the other particular, but they were in essence and originally one and the 
same. "Every organic energy [Wirksamkeit] arises from the essential and in
nermost character of nature and cannot be explained empirically any more 
than can gravity."140 Brown's whole theory of excitability floundered in a 
confusion between the absolute and the concrete. It situated liveliness on 
a linear scale of more or less, a strictly quantitative way of thinking that 
revealed "the complete emptiness of the concepts of sthenia and asthenia 
in relation to the phenomena of life!n41 How could there be talk of excess 
or deficiency without a governing norm? But Brownian theory could not 
provide this norm, only assume it. The "scientific" elaboration of Brownian 
theory in Germany (i.e., by Roschlaub) ultimately faced this decisive limita
tion since it considered only one aspect of the organism (its outward rela
tion) and missed entirely its intrinsic self-creation. In Schelling's view, the 
"best thing written so far expressing the perspective of Naturphilosophie on 
actual medicine" was Ignaz Troxler's Ideen zur Grundlage der Nosologie und 
"l'herapie (1803), a work explicitly repudiating Roschlaub and Brownian ex
citability theory in medicine.142 In endorsing Troxler and in his own thor
ough repudiation of Brownian excitability, Schelling was publicly breaking 
with Roschlaub. 

Schelling argued that the whole theory of excitability should now be re
placed by a dimensional theory of the relation of principles of natural de
velopment with concrete developments in the material and organic world. 
Here he drew especially on Steffens. In this new formulation, gravity, the 
consolidation of a particular material thing, was the "authentic earth prin
ciple!' This was the first dimension, associated with magnetism among the 
fundamental principles of natural processes and with carbon among the 
chemical elements. In living things it was expressed in reproductive force, 
in Bildung or Gestaltung. Light was the second dimension, dissipating or 
breaking up all the consolidations of the first dimension into freer forms; 
in the array of life-forces, it was associated with irritability; in chemistry, it 
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was associated with hydrogen. The third dimension was not merely a syn
thesis but equiprimordial with the others, the source of all animation and 

life, productivity itself. Among the life-forces, this was sensibility. Chemi
cally it was associated with oxygen. This grand new system needed to be 
taken up into medical theory, he asserted. It wasn't. 

There were grievous consequences of this split between the Brownians 
and the Naturphilosophen in medicine. Round Schelling gathered foremost 
the physiologists; round Roschlaub, the pathologists.I43 That is, theoretically 
oriented physiology became estranged from clinical practice. Roschlaub's 
whole program for Brownian medicine was compromised. But that was not 
all: "The conflict simultaneously and perhaps more essentially damaged the 
movement of Naturphilosophie[, which] spun off in a speculative line and 
lost relevance for medicine." In the end, "the real winners in the conflict 
between Roschlaub and Schelling . . .  were the traditionalists, the eclec
tics" in medicine, like Hufeiand.144 The philosophical interest within clini
cal medicine, spawned by its moment of epistemological crisis, lapsed, and 
it resumed its preponderant pursuit of clinical success and public respect 
under the aegis of Hufeland, especially after his move to the new University 
of Berlin in 1812. 

Naturphilosophie remained important to many figures, especially the in
ner circle Schelling had formed, including Steffens and Schelver from ear
lier, supplemented during his Wiirzburg years by Carl Windischmann, Ig
naz Troxler, his own brother, Karl, and Ignaz Dollinger. And, by the close 
of the decade, Naturphilosophie found an important convert in Johann Chris
tian Reil. But, strikingly, by 1807 it was of no further interest to Schelling 
himself! "By 1804 Schelling's interest had shifted,'' and he "stopped writ
ing on Naturphilosophie by the time he was 28!1145 As Tsouyopoulos puts it, 
"Schelling himself very swiftly lost all interest in medicine and turned to 
quite different domains of philosophy. The Jahrbiicher shut down in 1808!1146 

Lorenz Oken (1779-1851) took up the organizational leadership of Natur
philosophie among the natural scientists after Schelling's loss of interest. 
Oken had become connected with Schelling's circle at Wiirzburg, made his 
way to Gottingen, ostensibly to study with Blumenbach but actually to work 
out his own system of embryological development, and then published a 
number of early papers linking developmental life science with Schelling's 
Naturphilosophie.147 Under Oken's leadership, especially after he took up 
a position at Jena in 1807, Naturphilosophie remained a dominant force in 
the natural sciences until the early 182os. He established his central posi
tion theoretically with Lehrbuch der Naturphilosophie and institutionally with 
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his Gesellschaft deutscher Naturforscher und Arzte and with his journal, Isis, 
oder Encyclopiidische Zeitschrift (vol. 1, 1817). But it was also against Oken's 

flamboyantly speculative style of Naturphilosophie that the tide of critical 
revisionism gathered.148 It is noteworthy that one of the most discerning 
treatments of Oken suggests that his was not a faithful continuation of 
Schelling's original Naturphilosophie but rather "strongly influenced by older 

pseudoscientific traditions, especially alchemy and numerology as they had 
been presented by Robert Fludd."'49 He provoked repudiations of the whole 
impulse both in his own time-by figures like Heinrich Friedrich Link and 

J. F. Fries (1773-1843)-and more importantly a generation later, when the 
whole of Naturphilosophie would be spurned as the "black death" of natural 
science.150 A consequence has been the reluctance to find any fruitful con

nection between Naturphilosophie and emergent biology.151 Yet there was a 
more fruitful connection between the generation of 18oo and the genera
tion of the 183os. We can find it in the person of Ignaz Dollinger. 

I G N A Z  D O L L I N G E R  A N D  T H E  L E G A C Y  

O F  T H E  E I G H T E E N T H  C E N T U RY 

An exemplary case of the nexus between emergent biology and Schelling's 
Naturphilosophie was the career of Ignaz Dollinger. To start paradoxically 

from the conclusion of that story, Dollinger became the esteemed mentor 
of several of the undisputed titans of German life science of the early nine
teenth century, most notably Karl Ernst von Baer.152 Thus, Dollinger embod
ied the decisive continuity from Blumenbach and Kielmeyer through Pfaff, 

Humboldt, Treviranus, and Reil, through Dollinger himself to the gener
ation of von Baer, Johannes Muller (1801-58), and the discoverers of cell 
theory, Matthias Schleiden (1804-81) and Theodor Schwann (1810-82), with 
whom no one can doubt that biology as a special science had taken form.153 

Dollinger was an unequivocal advocate of Naturphilosophie, but he was 
foremost an empirical research scientist in comparative physiology. He 
clearly drew his philosophical orientation from the Naturphilosophen, but 
"he zealously carried forward physiology after the fashion of Hailer" -that 

is, experimental physiology.154 Indeed, he was decisive in consolidating the 
experimental physiology of the eighteenth century to lay the foundations for 
the disciplinary practices of the nineteenth, as one of his most notable pub
lications makes clear in its very title: Von den Fortschritten, welche die Physiolo
gie seit Hailer gemacht hat (On the progress physiology has made since Hailer; 
1824).155 It was certainly in that tradition that he wished to situate his own 
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work, as he made clear in Uber den Werth und die Bedeutung der vergleichen
den Anatomie (On the value and meaning of comparative anatomy; 1814).156 

He himself attempted to systematize the field in an extensive monograph, 

Grundriss der Naturlehre des menschlichen Organismus (Outline of the natural 
science of the human organism; 1805).157 In his research and teaching prac
tice, as exemplified in his mentorship of von Baer, Dollinger stood at the 

forefront of his generation in life science, and thus, his conception of the 
field-and his sense of the philosophy of science that it required-can be 
taken to capstone the whole development that made Naturphilosophie not 

only congenial but generative for emergent biology.158 

Eckhard Struck observes: "Dollinger stands among the thinkers of the 
turn of the century who considered the guiding influence of Schelling's 

ideas for natural science-in which he included medicine-to be beneficial 

[segensreich ], indeed an indispensable foundation [geradezu als Voraussetzung] 
for their own work."'59 Already in 1875 Heinrich Haeser asserted: "The first 
place among the nature-philosophers and physiologists who arose from 
the school of Schelling is indisputably taken by Ignaz Dollinger from Bam
berg."'60 Similarly, Neuburger and Pagel ranked his contributions at the 
same level as Kielmeyer's in the promotion of physiology.161 Haeser went 

on to add that Dollinger "held himself freest from the temptation to sac

rifice empirical investigation to scientific construction.''l62 Along the same 
line, Albrecht Kolliker observed in 1871 that "Dollinger knew how to keep 
himself free from the extreme views of nature philosophy.''163 Dollinger put 

it in his own terms, in the preface to his Grundriss der Naturlehre des mensch
lichen Organismus in 1805: "Now, in my opinion, it is one of the most dis
tinctive features of Naturphilosophie to give free rein in the application of 
its fundamental principles to the perspicuity and investigative spirit [of the 

individual researcher].''164 That comment indicated a hope more than an ac
tuality (it proved not to be the case in his specific instance, as we shall see). 
In any event, this was the promise he believed Naturphilosophie held for 

empirical science. 
Ignaz Dollinger was born in Bamberg, the son of the Stadtarzt and pro

fessor of medicine at the local university, Johann Ignaz Joseph Dollinger 

(1721-1800).165 Bamberg had long been a Jesuit educational fiefdom, 
but with the abolition of the order in 1773, a new secular university was 
founded-including, through the efforts of Dollinger-pere, a medical faculty 
of which he became senior professor. Ignaz was schooled in Bamberg, at
tended the university there for a preliminary degree in philosophy in 1787, 
then advanced into the medical school, where he eventually received his 
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MD, under his father's tutelage, in 1794. In the course of a medical peregri
nation, he worked with the eminent physiologist Georg Prochaska (1749-
1820) in Vienna and did a stint at the first-rate Italian medical school in Pa
via, where the comparative anatomist Antonio Scarpa (1752-1832) sparked 
his lifelong interest in comparative anatomy and physiology. As soon as he 
received his MD, he was appointed ordinary professor of medicine at Bam
berg (at age twenty-four!), and he commenced his academic teaching in 
1794-95 with a course of introductory medicine based on Blumenbach's 
Institutes if Physiology. 

The gem of Bamberg was its General Hospital, where Adalbert Fried
rich Marcus created a cutting-edge facility, with a strong theoretical com
mitment to the new ideas of Brownianism. Dollinger was in the inner circle 
of the Bamberg group around Marcus and Roschlaub by 18oo, when it be
came the center of controversy in medical theory in the Germanies. He met 
Schelling when he arrived at the hospital in 18oo. While nothing is known 
of their initial personal relationship, already in one of his first publications 
(1803) Dollinger acknowledged his affiliation with Schelling, Goethe, and 
Steffens (whose "inner natural history of the earth" he explicidy embraced 
as a model).166 That is, Dollinger was a partisan of Naturphilosophie from the 
outset of his career. 

When the University of Bamberg closed in 1803, Dollinger made the 
transition to Wiirzburg alongside Schelling. While in Bamberg he had done 
some private practice, and he had certainly been active at the General Hos
pital. But once he took up his position at Wiirzburg, Dollinger, like so many 
of the other key figures of this study, abandoned clinical practice altogether 
for experimental research in comparative physiology.'67 In 1806 he pio
neered the fusion of the chair in physiology with the chair in anatomy, set
ting a pattern that became widespread in German medical schools in the 
nineteenth century. Dollinger appealed to the arguments of Soemmerring 
in contending that physiology and anatomy belonged together.168 Thus, 
"Dollinger's apology for an independendy grounded science of physiology 
was . . .  [that] only a science of physiology grounded in general principles 
and in possession of secure empirical knowledge would eventually be ade
quate to developing a science of medical practice.''169 His was a crucial em
phasis on the experimental and theoretical elaboration of physiology, for 
which anatomy was a requisite auxiliary field. At the same time Dollinger 
dropped the traditional association of anatomy with surgery-that is, clini
cal applicationYo 

We must pursue why Dollinger embraced Naturphilosophie and how he 
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embraced it. The main source available for understanding Dollinger's career 
is the eulogy given by his longtime colleague and friend Philipp Franz von 

Walther in 1841.171 Both had been involved in Naturphilosophie at the out
set of their careers, but Walther was acutely aware, as he memorialized his 
friend in 1841, that the climate of opinion in German life science had turned 
sharply hostile to that movement.172 This accounts for the slant of the eu

logy, stressing Dollinger's Kantian affiliations and distancing him from 
Naturphilosophie,a retrospective vindication that did more than a little vio
lence to Dollinger's earlier views-and his own as well.173 To be sure, Kant 

was all the rage in their youthful days, and Dollinger was no exception. But 
when Walther maintained that "the study of philosophy in general and pre
cisely this philosophy in particular" constituted for Dollinger "an impor

tant, exciting and decisive influence for his entire life, defining forever the 

direction of his scientific activities," there are historical reasons for skepti
cism.174 Struck argues that there was, besides Kant, another decisive influ
ence on Dollinger's early conception of the field: Goethe.175 That is, Goethe 
had "incited the animation of anatomy, which thereby became morphology 
[Belebung der Anatomie, die dadurch zur Morphologie wurde]!>I76 Not for noth
ing does Struck take up, toward the conclusion of his study, "the conflict 

between Kantianism and Goetheanism!'177 Schelling and his Naturphiloso
phie aimed above all to bridge that divide. Dollinger, Steffens, Schelver
almost all the crucial early adherents of Naturphilosophie-took this to heart. 

Steffens and Schelver played a direct role in Dollinger's intellectual de
velopment. In his earliest publication, in mineralogy, his preface explicidy 
aligned with Steffens's Beytriige zur inneren Naturgeschichte der Erde and ex
pressed the hope of extending some of its findings.178 When he took up his 
new position at the University of Wiirzburg, Dollinger announced as the 

text for his course in comparative physiology "Schelver's Zeitschrift fur or
ganische Physik ersten Bandes zweytes Hefts;' winter term, 1803-4, and 
then again in 1804-5.179 His own Grundriss der Naturlehre des menschlichen 
Organismus, which appeared in 1805, became the course text thereafter. 

The creation of the Jahrbiicher der Medizin als Wissenschaft, coedited by 
Marcus and Schelling at Wiirzburg starting in 1805, proved very impor
tant in Dollinger's intellectual development. There he published a two-part 
consideration of the relation of Naturphilosophie to medicine, and there, at 
Schelling's instigation, Carl Windischmann (1775-1839) published a very 
negative review of Dollinger's new monograph, Grundriss der Naturlehre 
des menschlichen Organismus.180 Windischmann's review simply carried out 
the critique that Schelling's letters asked him to make of Dollinger. Just as 
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Schelling found fault, earlier, with Schelver's embrace o f  Naturphilosophie, 
so now Schelling urged Windischmann to chastise Dollinger's work for its 

residual empiricism.181 Even as he was himself growing weary of all the 
squabbles over the correct version of Naturphilosophie, Schelling never failed 
to fault his epigones for their inadequacies, and they-his own brother, Karl, 
not least among them-made every effort to curry his favor and discredit 

each other in his eyes. It was not altogether unfounded when a reviewer in 
the Oberdeutschen allgemeinen Litteraturzeitung observed in April 18o6 "that 
it was the goal of Naturphilosophie to take over medicine; Schelling's sys

tem of Naturphilosophie intended thereby to establish 'sole dominion [Allein
herrscha.ft]' in the realm of the sciences."182 Dollinger kept his independence 
at a cost: Schelling disparaged him privately for the sake of his personal 
hegemony. 

Dollinger's two-part contribution to the Jahrbucher der Medicin als Wis
senschaft and his monograph Grundriss der Naturlehre des menschlichen Or
ganismus together articulated his view of physiology and of Naturphiloso
phie at that crucial moment of 1805. They are entirely consistent in their 
terminology and appraisal. The first of the Jahrbucher contributions offers 
the clearest point of entry. There, he discriminated three "moments"-he 

meant impulses-in the current situation of physiology (or medicine, as he 
retrospectively rephrased the matter).I83 Those three "moments" were, first, 

the practice of medicine ('1echnik der Medicin), that is, clinical treatment of 
patients; second, the intervention of physics and chemistry in physiologi
cal and medical theory; and, finally, the "influence that Naturphilosophie has 
gained!'184 With these three rubrics, Dollinger outlined the development 

in medicine up to his moment. His premise was that the primitive art of 
healing without any theory behind it, an "unruly and unfounded under

taking [regel- und grundloses Veifahren]," was not worthy of the name of 
medicine. Medicine properly began when Hippocrates and later Galen of
fered a theory-that is, "knowledge as the basis for acting!' To be sure, Hip
pocrates drew his theory directly from bedside observation, but he did try to 

work up a theory, and it was that tradition that persisted until recent times, 
even up through Boerhaave.185 More recently, with figures like Cullen and 

Brown, however, something more than bedside observations entered into 
the development of physiological theory. Brown, he averred, tried to de
velop medicine on the basis of a general theory of organism. 186 The point, 
he went on, was that one could not understand organisms only on the basis 
of the condition of illness; one had to grasp them in their healthy condition 
as well; pathology was only a part of physiology. Indeed, what was required 
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was "a general natural science of the human organism [allgemeine Naturlehre 
der menschlichen Organisation]" in order to provide a sound basis for medi

cine.187 That, in turn, required integration with the findings of other fields 
of natural science. That opened the way for the intervention of the wider 
natural sciences in physiological theory, Dollinger's second "moment.'' 

Here, Dollinger offered some sharply critical observations about the 

manner in which chemistry intervened.188 Stuart Strickland has used these 
observations to suggest that Dollinger was out of step with the rise to hege
mony of chemical research in the German arena of his time.189 But this is 

not quite right. By 1805 the high hopes not merely regarding galvanism but 
regarding organic chemistry as the key to the mysteries of life, and to physi
ological theory more specifically, had run aground. The greatest advocate of 
the chemical approach in Germany, Reil, had himself given up on an imme

diate harvest from this approach by 1805, and for precisely the same reason 
that Strickland finds unconvincing in Dollinger's articulation.190 Both Reil 
and Dollinger realized that the chemistry of dead organic compounds could 
not explain the chemical activity of living organisms. That was not an inap
propriate judgment then, and even today we have to make some important 
discriminations, especially regarding the problem of the origin of life, how
ever much biochemistry and organic chemistry have advanced. And it is im
portant to note that neither Reil nor Dollinger wanted to eliminate chemical 
approaches to physiology, as Strickland seems to believe in Dollinger's case, 
but only to delimit their sphere. Dollinger wrote: "Now, what could offer 
a clearer contrast than the manner by which the organism establishes its 
own qualities and organizes them under itself and the manner in which 
the chemist decomposes [auseinanderlegt] and investigates these again in the 
dead body?" To be sure, he went on, there was much that physiology could 
learn from chemistry. "But one should not in the least delude oneself into 
believing that one could find the basis of life in the component parts that 
chemistry has been able to decipher.''191 Organic chemistry worked with the 
detritus of life, not its construction, and Dollinger found little reason to ex
pect great contributions to the physiology of live organisms from this anal
ysis of compounds from dead ones. 

Still less, he went on, did he find much prospect in the doctrine of "ex
citability;' which he took to be a merely mechanical theory of the influence 
of the environment on the organism, thus of the inanimate on the animate. 
This took even less note of the active self-constitution of the organism than 
the chemical approach. Active self-constitution, he insisted, was the proper 
domain of physiology, and unidirectional theories that sought to explain life 
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mechanically or chemically could never displace it. "Life is thus no reaction 
that as such needs to be determined from the outside; it is pure, original, in

ner activity!1192 "If only the physicists and the chemists made it their object 
to explain the changes that the presence of organic bodies occasions in in
animate nature, as they assimilate the latter, then they would provide the 
physiologist real gains for science; then they would work hand in hand!'193 

There is a direct relation between this disillusionment with chemistry 
and the appeal of Naturphilosophie, the transition from Dollinger's second 
to his third "moment." A proper relation between the physical sciences and 

physiology would recognize that nature was dynamic, and that organisms 
had to be understood not as passive products but as active agents: "The in
sight that the organism, just like all of nature in general, is at one and the 

same time product and productivity and the knowledge of how this is the 
case in the organism alone constitute the true uncovering of its otherwise
obscure nature.m94 That required a reinterpretation not only of nature but 
of natural inquiry: recognizing the precedence of process over product. 
Here was where Naturphilosophie represented the indispensable interven
tion. Dollinger undertook an account of the conflict between understanding 
(Verstand) and reason (Vernunjt) in the Kantian critical philosophy, suggest
ing that understanding only set fixed binaries to contain the natural world, 
which reason then suspended. He believed that this meant that the under

standing offered mechanical explanations of actual empirical phenomena 
and reason could not derive direct speculative constructions of nature from 
understanding's fixed binaries. Understanding achieved "relative truth;' 

while reason dealt with the absolute.195 Hence, "speculative physiology can 
have no other task than the construction of the organism, that is, the dis
solution of all the contradictions that the understanding in its investiga
tion of the latter has set up."196 He offered several such dichotomies of the 
understanding-cause and effect, possibility and actuality, subjectivity and 
objectivity-and insisted that these needed to be transcended; the organism 
was "subjectobject" -that is, "productivity and product at once."197 This was 
Dollinger's understanding of Naturphilosophie. He clearly drew on Schelver's 
reconstruction but also criticized it for hypostatizing process into classes 
of actual things-plants and animals.198 Dollinger expressed concern that 
the "pure active expressions of nature" were being falsely "objectified and 
materialized!' Thus, one spoke "of magnetic, electrical matter!' The "way of 
representing the organism as a mere object is manifest in the chemical and 
mechanical perspectives that are repeatedly introduced into physiology!1199 
He hoped that from Naturphilosophie one could receive a clearer framework 
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for understanding nature and the organism concretely in a processual man
ner. This motivated, one can presume, his creation of his own textbook in 

physiology to replace Schelver's work. 

Dollinger's second contribution to the Jahrbiicher der Medicin als Wissen
schaft investigated the published dissertation of Schelling's brother, Karl 

Eberhard Schelling (1783-1854), defended at Tiibingen in 1803, Dissertatio 
Sistens Cogitata Nonnulla de Idea Vitae hujusque Formis Praecipuis. Dollinger 
read it as "a first introduction into the nature-philosophical construction of 
the organism."200 He set out by contrasting the respective inadequacies of 
a strictly mechanistic account of organisms, based on chemical principles 
or heat or "ether," on the one hand, and a supersensual life principle, or 
soul, along the lines of Stahl, on the other. In the face of these theoretical 

inadequacies, a number of practitioners of medicine retreated to immedi

ate observations, facts, with a "hateful disposition toward anything theo

retical.'' Dollinger associated. with such antitheoretical dispositions a blind 
notion of linear cause and effect that belied the complexity of the organism. 

The thrust of Naturphilosophie, as Dollinger inferred it from the dissertation, 
was to overcome all these inadequacies. In "living matter;' action and being 
were synonymous, and this correlated with the character of absolute nature 

in general. But a concrete living thing was also productivity realized "in a 
particular way," hence a product, a "copy [Abbild] of absolute nature."201 

Thus, an organism could be viewed in two ways: either as the activity of ab
solute nature (productivity) expressing itself or as the result of that activity 
(product). 

In his monograph, Dollinger offered his own synthesis. In the introduc
tory part, he made a fruitful discrimination between Naturbeschreibung and 

Naturlehre, arguing that in physiology mere description was not sufficient; a 

Naturwissenschaft entailed knowledge of the essential laws of organic life. 202 

Moreover, natural knowledge of the human organism was itself simply a 
branch of general natural knowledge, which embraced all nature. 203 Hence, 

comparative anatomy, relating the human to the rest of the life-forms of 
the natural world, was important.204 He began his exposition with the pro

nouncement that while activity was not an essential property in the in

organic world, it was the essence of living things. The contrast between 

inertness and activity was reformulated into that between product and pro
ductivity, but with the proviso that the organism represented both produc
tivity and product; indeed, the product was intrinsically active. What dis
tinguished it from general nature as productivity was just the specificity of 

its form. But this determinacy was itself the result of the activity of general 
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nature. And the organism itself perpetuated this activity on its own scale. 

Thus, Dollinger summed up, "the identity and the difference of the product 

and the productivity in the organism offer the most complete insight into 

its nature and accordingly . . .  it is the principle of the natural science of the 
organism."205 The so-called life principle could be construed, he went on, 
in terms of either the universal principle of productivity working through 

the particular organism or the productivity of the specific organism itsel£206 

The concept of life merely expressed the same idea of self-production that 
was contained in the notion of the organism: "the expression of an inner, 

essential activity.''207 

Dollinger then addressed the relation of the organism to its environment, 
discriminating passive "receptivity" from active response (Zurnckwirken). 
The inner capacity to respond to the external world he labeled, after the 

Brownian fashion, "incitability.'' His contention was that the determinacy 
of a particular organism was entirely the consequence of the inner forces 
of productivity: "the innate [einheimischen] and therefore natural determi
nations of the form of an organism are alone those which arise immedi

ately from productivity and belong without restriction to its effectiveness 
[Wirksamkeit].''208 An organism was healthy as long as this relation pre

vailed; when foreign determinations intruded, it became ill.209 Thus, pathol
ogy was a branch of physiology that considered aberrance from the natural: 

"illness is the unnatural state of the organism."210 

Dollinger turned then to the levels of activity in organisms and the laws 
that differentiated them into levels. The most basic activity of living things 
was growth and formation (Bilden), the expansion of tissue in space. In

wardly, this entailed establishment of a chemical "texture," or qualitative 

Mischung, while outwardly, this tissue growth established a particular shape 

(Gestaltung) or "structure.''211 This was what Blumenbach had identified as 

the Bildungstrieb constitutive of all organic form.212 This was the preponder
ant function of plant life, and this vegetative form of [re]production carried 

forward into animal life, where it was complemented and complicated by 
the capacity for motion associated with irritability.213 "What formation is 

in plant life, in animal life is feeling; there all energy is devoted to the con

struction of a form . . .  , here, everything is about the transformation of the 
capacity to act in itself.''214 In characterizing irritability, Dollinger minced 
no words in his criticism of Haller for drawing false conclusions from his 
observations and in this way deeply confusing physiology.215 

In the internal, chemical constitution of the organism, productivity began 

with the fluid or formless and worked toward structured solids. The former 
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were purely qualitative, while the latter had determinate scale. Purely quan
titative filling of space he identified with mechanism. The qualitative factors 

could be associated with the fundamental elements of chemistry-oxygen, 

hydrogen, carbon, and nitrogen.216 Following Steffens, Dollinger identi
fied animal life with a preponderance of nitrogen compounds, and in inor
ganic nature he distinguished between silaceous earths, closely connected 

with plant life, and calcareous earths, closely connected with animal life.217 
Physiological development of the organism proceeded from fluid forms of 
chemical activity (Mischung) to solid tissues and a distinct shape (Gestaltung) 
via solidification, starting with globules, then tissue (Zellgewebe), then fibers, 
and on to bones, muscles, nerves, and the specific organs. The bulk of his 
exposition followed this hierarchical emergence of tissues and organs. 

In animal life, the synthesis of reproductive force and irritability was 
"sensibility." It combined the external attunement of the vegetative state 
with the inward attunement of irritability, feeling with drive, culminating 
in voluntary motion and self-awareness, "the inner feeling of existence.''218 

This inner feeling or awareness of self constituted the distinctive sentience 
of animal life. Dollinger sharply distinguished this animal capacity for "rep
resentation [Vorstellen]" from the human capacity for thought.219 More gen
erally, he found the concept of sensibility profoundly ambiguous. "As wide
spread as the expression sensibility is, nonetheless it appears that up to now 
there has been lacking a correct general determination of the concept one 
intends in terms of the matter which it is to betoken.''220 In the discourse of 
medicine, sensibility was construed in three distinct manners: first, as recep
tivity, that is, responsiveness to stimulation from the environment; second, 
as "an unnameable, mysterious attribute of the nerves" (what others called 
Nervensaft or Nervengeist) with many physiological consequences; and, fi
nally, as the capacity of the nervous system to affect consciousness.221 These 
were the perplexities of physiological psychology in connection with neu
rology, as they presented themselves across the entire eighteenth century 
in German research from Hailer to Unzer to Dollinger's own time, in the 
work of Pfaff and Reil. The best Dollinger could offer was that "sensibility, 
responsiveness, better sensation [Sensibilitiit, Empfindlichkeit, besser Sinnlich
keit] represent the unification of animal and plant life into a whole.''222 The 
step from this animal sensibility to full human consciousness, he averred, 
was beyond the scope of physiology. 

With this work, Dollinger synthesized all the currents of thought in the 
physiology, natural history, chemistry, and psychology of his time and sub
ordinated them to an overarching schema of Naturphilosophie. This provided 

-
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the foundation for his teaching for the next twenty years at Wiirzburg, and 
it shaped a whole generation of brilliant morphological researchers, fore
most among them von Baer and Heinz Christian Pander (1794-1865). He 
supplemented this extraordinary mentorship with two overviews of the 
field that had great impact. In 1814 he published On the Value and Meaning of 
Comparative Anatomy, and in 1824, On the Progress '!'hat Physiology Has Made 
since Haller. We can take these two texts as the contribution of Dollinger's 
Naturphilosophie to the discipline of nineteenth-century biology. 

The text of 1814 was a public lecture, and it was very clearly written with 
an eye to the important concems of the day, especially the moment of Ger
man renewal in the aftermath of the Napoleonic Wars and the reconsti
tution of the German states.223 More particularly, it concemed itself with 

the place of the natural sciences in the social and cultural system that was 
emerging. Medicine needed to orient itself increasingly to the govemmental 
regulative environment and to the interests of the wider public. Thus, po
litical and utilitarian considerations seemed foremost on the cultural agenda 
of the moment, and in that context Dollinger wished to make the case for 
the "value and meaning" of pure research in comparative anatomy. It was 
"beyond doubt;' he allowed, that comparative anatomy "could not be of the 
status of godly mathematics or noble metaphysics or even praiseworthy his
tory," yet among the branches of natural inquiry, he argued, it was "by far 

the most meaningful, richest in content, and to be recommended in every 
sense.''224 This resulted not only from its engagement with the human form, 
the highest expression of anatomy, but also from its immediate engagement 
with nature. While physics or chemistry had to extort nature through ex
periment, and hence their results were always ambiguous as to whether 
they were artifices of the procedure or truths of nature, comparative anat
omy simply contemplated what nature itself presented in all variety direcdy 
to the attentive observer.225 He contrasted descriptive natural history, con
tent merely to characterize the external properties of life-forms, with com
parative anatomy, which probed deeper into their organization, seeking to 
understand the laws of formation (Bildungsgesetze). "The laws of formation 
are what comparative anatomy has first and foremost to establish.''226 

Dollinger argued that nature worked up from a basic, undifferentiated 
living tissue (Gallaert) -exemplified by the polyp-to increasingly differen
tiated tissues and organ systems. In this process, particular types of orga
nization took form.227 What the comparative anatomist sought to theorize 
was how and why this happened and also how to account for the occasional 
deviations in the natural process. It was, in the end, all about what latent 
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capacities humans might have, he concluded, and all sciences had to con
tribute to the high goal of the perfection of humanity.228 Yet to understand 
the human, it was not enough to know human anatomy; one had to situate 
it among all the other forms-hence the importance of comparative anat
omy.229 As a justification of his field, or as an invitation to take it up, this 
was not the most overwhelming rhetorical achievement. But it did indicate 
how Dollinger understood his field and his own representative status as its 
proponent. 

More penetrating, both historically and analytically, was his address 
of 1824. In a sweeping overview of medicine from its origins in the West, 
Dollinger highlighted the achievements of Albrecht von Hailer. This "orna
ment of his age;' he elaborated, "achieved the impossible[,] . . .  making it 
known that the most authentic foundation of all medicine in general was 
physiology."230 His Elements if Physiology was not just the seed awaiting 
further development but the f'whole tree grown to its topmost branches, 
with its happy, promising flower!'231 And "everything that for about the 
next fifty years was achieved in the knowledge of physiology derived from 
this original stem."232 Thus, that work could stand as the point of depar
ture for the assessment of progress in the field. Hailer provided precise ob
servations, but observations needed interpretation in order to assume their 
proper relevance. This was the task that fell to Hailer's successors. The life 
process needed to be theorized. Thus, anatomy needed to be fused with phys
iology (as they were in his own professorship at Wiirzburg). Morphology 
should be linked with "histology"-that is, the microscopic analysis of liv
ing matter in its various forms of organization.233 This linkage would trace 
the development of an organism across time and explore the emergent rela
tions of the various tissues, organs, and systems as they developed. In par
ticular, Dollinger stressed embryology, grasping life at its beginnings. "The 
greatest naturalists-Malpighi, Harvey, Wolff, and our Hailer have recog
nized the significance" of working on the embryos of birds to ascertain the 
developmental course of mammals and men.234 Dollinger himself had in
spired major work in this vein among his students, most eminently Pan
der.235 He also celebrated the great period of morphology inaugurated by 
Goethe.236 He gestured to the question of generic descent from an original 
stock into subvarieties and races.237 He praised the role of animal vivisec
tion but warned that drastic intervention might disrupt more than reveal 
the intrinsic physiological processes of the organisms investigated, and he 
warned more generally that presuppositions and procedures could distort 
experimental research and generate artificial results.238 
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Looking back to the last decade o f  the eighteenth century as the heyday 
of Naturphilosophie, he conceded that there was considerable play with airy 

abstractions, but he argued as well that there was a fundamental earnest
ness about trying to penetrate to the "most hidden mysteries of life" that de
served a more balanced reckoning.239 Finally, he celebrated the emergence 
of a coherent discipline: "Biology or the physics of the organic;' which "ex

pressed the endeavor to represent living nature in all its scope."240 Among 
others he noted Treviranus for this vision.241 Central to this new discipline, 
he averred, was comparative anatomy, "that beautiful product of genuine 
Naturphilosophie."242 He celebrated Kielmeyer as its great initiator, and Cu
vier as its powerful executor, the "ornament of our times!'243 He added, fi
nally, that this new discipline had to be open to the contributions that could 

come from physics and from chemistry, when used with proper discre
tion. 244 Fifty years of enormous advances in the natural sciences had passed 
since Hailer, and physiology had developed apace. There was every reason 
to be confident, he finished with a flourish, that all this would continue en
ergetically into the future. With that, Dollinger, on behalf of his generation, 
the Naturphilosophen, passed on the baton to the new disciplinary biology of 
the nineteenth century. 
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24, 25, 31, 32, 35, 61, 73, 74, 76, 88, 89, 92, 

128, 133, 150, 1 59, 1 6o, 199, 202, 206, 274, 

281, 290, 293, 295, 337, 342, 351; anatomia 
animata, 83, 343; comparative, 3, 6, 1 1 2, 

146, 1 90, 191, 192, 1 97, 201, 203, 206, 215, 

217, 222, 224, 225, 232, 255, 256, 265, 285, 

287, 288, 296, 315, 341, 342, 343, 347, 350, 

351, 352, 363n73, 442n2� 443n41, 443fl43, 

482n44; as research field, 37, 40, 51, 53, 54, 

55, 63, 65, 71, 72, 77, So, 83, 102, 164, 191; 

theater, 15, 48, 54, 71, 72, 74, 91, 206 

ancients and modems, 40, 117, 136, 143, 146, 

174 

animism, 13, 18, 20, 21, 26, 87, 88, 138, 211, 

236, 361n531 422n228, 432fl421 

Anlagen, natiirliche (original endowments), 

1 84, 20� 228, 229, 238,313, 314, 438nl o5 

anomaly, 101, 1 02, 174, 239 

Anstalten, Halle, 14, 15, 17, 368m3, 368n14 

anthropology, physical, 186, 1 94, 21 o, 248 

apes, anthropoid, 142, 1 84, 1 86, 1 87, 1 91, 194, 

1 95, 1 96, 202, 203, 214, 248, 443n41; An
thropomorpha, 189, 439n113; ape debate, 

192, 1 93 

archaeology of nature, 176, 215, 220, 229, 261 

Archiv for die Physiologie, 241, 281, 283, 284, 

285, 287 

Aristotelianism, 40, 443n51 

Arzt, philosophischer/verniinftiger (philo

sophical physician) 8, 9, 18, 99, 1 07, 1 23, 

163, 247, 370n58, 476n3o2; third genera

tion at Halle, 18, 150, 156, 163 
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atheism, 14, 32, 38, 39, 72, 92, 95, 102, 

II4, II6, 153, 180, 225, 378n7, 378n13, 

409nl 73· 424n256 
attraction, 44, 57, 58, 6o, 84, 100, 1 20, 1 27, 

157, 182, 235, 258, 303, 404n78; and repul
sion, 303, 487n142 

Baconianism, 87, II6, 281, 337, 409n178, 
488ni58 

Bamberg General Hospital, 333-34, 335, 336, 

342 

Base!, 49, 51, 52, 53, 56, 59, 6o, 63, 65, 71, 1 21 
Bauplan (formative organization), 197, 250, 

294, 357n21; continuity of, 197 

Berlin, 4, 9, II, 12, 13, 15, 1 7, 92, 98, 125, 1 49, 

162, 1 8 7, 207, 366mo8, 476n302; Colle
gium Medico-Chirigicum, 77, 1 25, 1 50, 1 51 -

52; Francophone community, 77, 123; Royal 
College of Medicine, 1 5  

Bern, 51, 64, 70, 71, 72, 91, 95 
Besonnenheit (attunement), 145 
Bestimmung des Menschen (human destiny), 34 

bete machine (animal [as] machine), 5, 134, 

138, 140, 192, 360n43, 360047, 360n48, 
443n51 

Beytriige zur Naturgeschichte (Blumenbach), 

219 
Bildung (formation), 181, 1 84, 212, 275, 313, 

338, 348, 483n64 
Bildungsgesetze (laws of formation), 350 

Bildungskraft (formative force), 133, 1 88, 232, 

235, 236, 262, 264, 293, 31 0 
Bildungstrieb/nisus formativus (formative 

drive), 170, 206, 207, 2II-14, 233-36, 239, 

245, 249, 254, 275-80, 294, 310, 3II, 313, 
348,4I 8n153, 474024� 474n246; change 
in direction of, 223, 224, 238,313, 314; uni

versal, 309, 310,312 

Bildungsvermogen (formative capacities), 276, 

277 
biogeography, 113, 1 94, 208, 242, 243, 244 
biology: discipline formation, I- 6, 12; 

Dollinger and, 339, 340, 341, 343, 345, 347, 

348; gestation of German, 1-6, 1 2, 14, 20, 
36, 37, 38, 44, 45, 70, So, 88-91, II4, 1 22, 

1 23, 130, 131, 134, 151, I $2, 163, 1 68, 169-
71, 172-73, 1 77, 185, 186, 197· 208, 236, 

240, 242, 244, 24� 246, 250, 252, 256, 257. 

258, 271, 275, 283, 284, 286, 287, 296, 334, 

373nio8, 400n223, 409ni 73, 4240256, 
459n135, 475n277; Maupertuis and, 99-

102, 125-30; modem history of, 127, 1 49, 

240, 358n25; nineteenth-century discipline 

of, 267, 268, 285, 340, 350, 352, 482n49; 
"modern synthesis" in, 2, 244, 35Bn25, 
486n136; as research field, 30, 33, 37, 97, 

98, 1 06, II5, 149, 209, 265, 280; Schelling 

and, 306, 316, 317, 318, 319, 324, 325; "sys

tem program" of, 250, 257; as term, 2, 240, 
249, 286, 356ni4, 356nl5 

biostratigraphy, 222, 239, 265 

body-soul: dualism, 25, 26, 27, 30,31, 33, 84, 

97, 147; interaction, 8, 9, 22, 29, 30, 31, 84, 
87, 141, 147, 165, 169, 247· 252, 276, 277· 
282, 431fl420, 476n302 

botany (as a medical field), 7, 1 5, 1 7, 40, 49, 

61, 64, 71, 72, 73, 74, 76, II2, 133, 150, 157, 

185, 1 88, 189, 208, 209, 253, 289, 290, 
332; botanical garden, 1 5, 48, 74, 76, 125, 

150,332. 333 
boundaries in nature: animal-human, 26, 28, 

36, 90, 99, 134, 135, 138, 140, 141, 144, 

1 64, ISO, 182, 1 85, 192-96, 202, 209, 212, 

248, 420n2o8, 431n421, 443n53, 444n63, 
444n64; animate vs. inanimate/organic vs. 

inorganic, 5, 22, 23, 24, 25, 27, 30, 33, 1 05, 
II2, 1 64, ISO, 1 82, 1 85, 188, 209, 210, 230, 

233, 234, 235, 239, 242, 243, 245, 2$2, 256-

59· 263, 278, 287, 295, 304, 306, 307, 310, 
3ll, 31 7, 328, 329, 330, 331, 334, 346, 347· 

373n1o8, 440n7, 470n175, 487n137; plant/ 

animal, II2, II5, 130, 160, 180, 185,188, 
209, 244, 248, 331, 349, 408n169 

boundary, disciplinary, 227, 270, 320,321, 

470ni76, 47lni90 

brain, 67, 87, 90, 1 65, 1 6 6, 1 69, 202, 252, 280, 

282, 316, 319, 360n43, 431n420 

Brownianism, 31 7, 325, 327, 333, 334, 335, 336, 

338, 339, 342 
Buffonian Revolution, I 0 7, 1 oS, l l 3  

cabinet of natural history, 51, 1 98, 200, 206, 

254 

cacouac, II6, 41 on181 

calculus, 41, 56, 57, 59, 6o 
Calvinism (Reformed Church), 13, 39, 43, 92, 

94, 367n3, 4IIn233 

Cartesianism, 22, 23, 24, 26, 27, 39, 40, 41, 
42, 47, 60, 64, 65, 81, 97, 1 08, IIO, 138, 
360fl48 

catastrophe (geological), 1 29, 1 74,215,216, 

21h 219, 220, 223, 224, 229, 244 



causality, 42, 57, no, Ill, 132, 141, 1 57, 1 )8, 

159, 227; efficient, 29, 374n133; final (tele

ology), 29, 132, 135, 136, 1 93, 223, 224, 228, 

229, 230, 231, 236, 237, 239, 317, 374fll33, 

484n78; inference from effect to cause, 

l l l, 1 57, 1 58, 1 60, 161, 1 66; original, 132; 

physical, 84, 85, 111, 1 65 

cell theory, 340; cytology, 2 

chain of being, 113, 129, 145, 192, 209, 233, 

234, 258, 259, 408n169, 482n44; tempo

ralization of, 113, 233, 234, 2)8, 465n56 

chance, 30, 32, 33, 100, 1 01, 1 07, 129, 130, 

136, 1 81, 214 

chemical vs. mechanical levels of explanation, 

269, 321, 346, 349 

chemistry: as academic department, 1 5, 1 8, 

49, 73, 74, 199, 253, 373n1 09, 440n9, 

47on176, 471n187, 478n336; antiphlogistic 

(chemical revolution), 1 99, 268, 269, 271, 

272, 306, 308, 321, 327, 331, 334, 474fl24); 

bio-, 2)6, 345; inorganic, 277; Newtonian, 

42, )8; organic, 254, 266, 284, 334, 345; 

as special science, 17, 22, 23, 24, 25, 31, 32, 

35, 38, 42, 43, 44, 47, lOO, 102, 127, 181, 

1 82, 1 87, 218, 24), 2)1, 2)8, 262, 266, 268, 

269, 270, 273, 274, 27), 282, 284, 301, 303, 

306, 328, 329, 330, 338, 344, 345', 346, 349, 

3)0,35'2 

chimpanzee, 189, 191, 202 

chymistry, 6, 44 

circulation of the blood, 24, 25, 92, 360n42 

classification, 3, 112, 1 27, 132, 133, 1 88, 189, 

201, 20), 206, 209, 210, 219, 226, 233, 

248, 276, 332, 439nn3, 440n8, 441n24; 

abstraction/formalism of, 112, 1 13; nomen

clature in, 191, 1 93 

clinical practice, 6, 7, 8, 14, 1 6, 21 -26,31, 

35', 37, 49, )1, )3, )4, )6, 6), 73-76, 163, 

1 64, 197, 200, 206, 240, 241, 2)1, 2)2, 

281, 283, 284, 324, 32), 337, 339, 342, 

344, 356n14, 363n69, 369n71, 373n1 09, 

476n302 

Collegium Carolinum, Kassel, 200 

Commercium Litterarium (Nuremberg), 1, 72, 74 

compensation, principle of, 145, 2)1, 2)2, 260, 

261, 276 

continuity, law of, 209, 258 

controversy, So, 83, 8), 86, 88, 89, 99, 123, 

1 )3 

cosmogony, 297, 322 

craniology, 204, 205 
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"creation," present (post-catastrophic, current 

geological order), 220, 222, 223, 224 

crystallization, I20, I30, I 83, 188 

degeneration (degeneration), 175, 178, 1 93, 

1 94, 223 

Degeneration des animaux (Buffon), 175, 179 

Deluge, 129, 17 4, 1 75, 217, 219, 415n87 

De Partibus corporis humani sensilibus et irrita
bilius [Dissertation on the Sensible and Irri

table Parts of Animals] (Haller), 79, 82, 83, 

84, 86, 87, 88, 89, 98, 1 )2, 1 65, 418n140 

discipline, 1, 2, 6, 1 5, 75, 88, 1 86, 197, 236, 

270, 28), 286, 296-97, 317, 318, 324, 326, 

352, 3))n); calving of, 7, 284 

dissection, )3, 54, 62, 71, 1 96, 318, 368n25, 

443fl41 ; Paris manner of, 53, 5'4 
Dissertation on Human Variety (Blumenbach), 

198, 199, 200, 201, 209, 234 

dualism, 22, 26, 27, 88, 147, 307, 309, 436n8o 

dynamism, inlmanent, 2), 27, 32, 33, 130, 1 40, 

1 66, 1 81, 1 82, 247, 272, 299, 301, 30), 307, 

31 0, 31 2, 313, 317, 327, 329, 330, 334, 346, 

347, 348, 437n81 

economy, animal, 24, 31, 44, 90, 145, 1 65, 166, 

224, 2)2 

elasticity, 83, 259, 404n78 

electricity, 47, 1 82, 1 83, 199, 245, 269, 270, 

271, 272, 279, 282, 287, 301, 303, 308, 321, 

329, 346, 404n78, 471n187; animal, 256, 

266, 268, 269, 270, 272, 279, 308 

electromagnetism, 326 

Elementa physiologiae (Haller), 50, 92, 153, 

1 64, 35'1 
Eloge of Newton (Fontenelle), 56, 57, 59 

embryology, 3, 91, 99, 106, 118, 119, 128, 1 )2, 

1 )3, 1 62, 1 83, 210-11, 213, 261, 339, 3)1, 

424fl2)6 

emergence, developmental. See dynamism, 

immanent; historicization of nature; 

hylozoism 

empirical vs. rational (a posteriori vs. a priori), 
226, 248, 321' 323, 324, 328 

empiricism, 67, 87, 1 04, 11 6, 125, 138, 225, 

332, 344, 409n173; delicate (zarte Empirie), 
292 

Encyclopidie (Paris), 1 2, 88, 95, 98, 103, 106, 

107, 114, 116, 138, 418n153 

Encyclopidie d'Yverdon, 55, 95, 385n1 66 

England (Britain), 6, )1, )2, 61, 92, 1 99, 200 
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Enlightenment: Berlin, 10, 12, 143; Dutch, 37, 

65, 69; European, 9, 10, 77, 88, 99, 1 03, 

1 04, 192, 357n24, 359n33, 464n26; Ger

man (Aujklarung), 4, 5, 10, 12, 13, 19, 34, 

68, 70, 77· 79, 93, 324, 359ll33, 359ll35, 

364n86, 367fi4, 370n56, 43lfi421; Protes

tant, 39, 70, 81, 92, 95, 359n33, 411n233; 

radical, 102, 400n223; Scottish, 99, 359n35 

Entwicklungsbahn (developmental path), 259, 

293, 294, 295 

Entwicklungsgeschichte der'I'hiere (developmen

tal history of animals), 256, 258, 261, 263, 

264, 277, 315, 317, 331, 351 

environment, 112, 144, 189, 229, 242, 243, 

314, 345, 348; ecological niche/sphere of 

life, 144 

Epicureanism, 6, 10, 12, 29, 31, 32, 93, 96, 

109, 114, 116, 1 22, 1 26, 134, 135, 136, 137, 

184, 360fi48, 4o8n159, 409n18o 

epigenesis, 96, loo, 119, 1 23, 132, 149, 150, 

151, 1)3, 158, 161, 170, 171, 1 83, 1 84, 211, 

213, 214, 249, 250, 294, 295, 313, 314, 

438n1oo; of pure reason, 231 

epistemology, 6o, 67, 68, 88, 1 08, 116, 1 29, 

141, 155, 156, 225, 231, 234, 236, 242, 254, 

278, 281, 287, 302, 324, 428n345; liberal

ized, 1 04; naturalistic, 99 

epochs, geological, 173, 174, 175, 221, 222, 

258, 260, 330 
Epoques de la nature (Buffon), 173, 175, 176, 

230, 298 

erect posture, 185, 192, 193, 1 94, 195, 196, 

202 

Erster Entwuif eines Systems der Naturphiloso

phie (Schelling), 299, 307, 308, 309, 311, 

316, 325, 329, 334-35, 335, 487n137 

espritsforts, 9, 11, 68, 99, 116 

Essai de cosmologie (Maupetruis), 1 23, 128, 129 

evolution, modern theory of, 176, 222, 239, 

243, 265, 313, 319 

excitability (Erregbarkeit), 271, 327, 333, 335, 

338, 345, 348 

experiment, 3, 8, 37, 40, 47, 64, 65, 66, 82, 

84, 85, 86, 87, 88, 90, 98, 1 03, 106, 115, 

119, 137, 161, 268, 270, 273, 274, 281, 318, 

323, 328, 373n1 o8; protocol/regimen, 85, 

396n125; replication, 85, 137, 396n125 

explanation, 154, 15� 1 59, 236, 258, 26o,310J 

(vs. description), 1, 3, 89, 109, 113, 115, 1 27, 

128, 142, 143, 144, 1 57, 159, 1 87, 257 

extinction, 174, 175, 189, 215, 220, 222, 223, 

239, 262, 442n29; mass, 221 

Fachgebiet (research program/field), 1, 2, 3, 8, 

21, 38, 65, 83, 85, 89, 148, 1 63, 1 86, 1 87, 

242, 243, 244, 256, 283, 284, 285, 319, 324, 

355n5, 357n1 9, 363n71 

faculties, conflict of university, 320, 493n21 

faculties, mental, 90, 138, 141, 147, 202, 299, 

351, 364n82, 419n174; lower, 141, 164 

feeling (emotion), 19, 147, 164 

fermentation, 6, 25, 278 

field, semantic, 1, 1 27, 1 87, 356n9, 440n9 

fluid, imponderable/subtle, 25, 277, 282, 306; 

vs. solid, 321, 329, 348, 349; solidification 

propensity, 158, 160 

force, 32, 47, 64, 85, 88, 1 00, 1 05, 1 09, 1 17, 

120, 1 27, 132, 136, 141, 1 57, 1 80-83, 223, 

224, 227, 242, 243, 245-46, 250, 258, 263, 

269, 275, 300,301, 303, 304, 305, 306, 

310, 311, 329, 422n239, 462n2; contest

ing/polar (expansive and retarding), 305, 

306, 307, 309; developmental hierarchy of, 

242, 311; genetic, 1 84; impact transmis

sion of, 100; physical, 42, 57, 65, 276, 294; 

physiological, 3, 20, 83, 87, 159; propul

sive (Propulsionskraft), 1 57, 160, 1 62, 259, 

276, 295; reproductive (Reproduktions
kraft), 250, 254, 259, 260, 261, 275, 316, 

317, 330, 338, 348, 349, 474n246; secre

tive (Sekretionskraft), 26, 259, 275, 276; 

spiritual/immaterial, 66, 85, 138, 147, 193, 

248, 280, 281, 282, 308, 320, 321; unified/ 

singular, 105, 1 80, 1 83, 225, 243, 251, 276, 

277, 279, 300, 305, 311, 317, 329, 404n78, 

437n94 

formation vs. form (Bildung vs. Gestalt), 1 oo, 

277, 292, 293, 294, 295, 483n64 

fossils, 129, 173, 174, 1 89, 209, 215, 216, 217, 

218, 219, 220, 222, 229, 239, 240, 244, 

262, 330, 331, 415n87 

Freiberg School of Mines, 239, 240, 274, 328, 

329, 474ll245 

Freigeisterei (free-thinking), 1 o, 11, 12, 68, 70, 

95, 96, 133, 134, 135, 1)2, 410n1 81; liber
tinage, 11 

France: cultural influence, 4, 9, 1 0, 11, 12, 97, 

1 22, 412n9, 421n219; cultural sphere, 8, 9, 

12, 20, 29, 52, 57, 61, 68, 81, 94, 116, 1 1 8, 

187; Newton reception, 46, 57, 58, 6o, 1 08 



function (in physiology), 85, 90, 99, 112, 194, 

208, 224, 248, 256, 280, 296, 331, 348, 

484n78 

galvanism, 269, 270, 274, 275, 287, 303, 326, 

34� 470n176,471n187 

gebildeten Stiinde (urban literate public), 9, 10, 11 

Gelehrten/Gelehrtenstand, 10, 68; guild mental

ity of, 72 

General Scholium to the Principia (Newton), 72 

generatio heteronyma/ Ausartung!progenies spe
ci.fica (species mutation), 227, 228, 232, 238 

generatio homonyma!Abartung!progenies clas
si.fica (variation within species), 3, 101, 130, 

175, 179, 201, 203, 204, 205, 206, 208, 

210, 227, 228, 232, 238, 239, 262, 314, 351 

generation (Erzeugung), 99, 101, 102, 113, 126, 

131, 132,137, 1$0, 153, 1 57, 159, 160, 172, 

176, 178, 183, 201, 207, 210, 211,225, 226, 

227, 229, 232, 233, 238, 249, 330, 418n140, 

450n175; asexual, 26o; sexual, 130, 261; 

spontaneous, 102, 107, 120, 136, 162, 181, 

232, 238, 243, 266, 331 

Generation (propagation), 115, 211, 212, 214, 

239, 260 

Geneva, 8, 62, 92, 117, 120, 1 75 

genus (Gattung, taxonomic class), 221, 226, 

314 

geognosy, 217, 218, 220, 274, 328, 329, 330, 

331 
geography, physical, 178, 229, 230 

geohistory (historical/historicized geology), 

110, 129, 133, 172-79, 189, 1 94, 216, 218, 

220, 222, 225, 229, 237, 239, 240, 258, 

262, 263, 264, 298, 328, 330, 342, 432n3, 

434n25, 434n32 
geology, 129, 172, 173, 1 99, 222, 240, 258, 

290, 296 

geophysics, 175, 176 

geotheory (theory of earth), 133, 174-78, 1 99, 

216, 218, 219, 229 

Germany/the Germanies, 1, 3, 6, 7, 11, 12, 13, 

19, 29, 68, 70, 72, 93, 134, 151, 1 53, 200, 

333; cultural importation, 97, 122, 200; 

cultural self-assertion, 4, 9, 1 o, 122, 124, 

421n219 

God, 26, 34, 66, 103, 116, 136, 180, 181, 182, 

219, 223, 317; divine causation, 134, 135, 

136, 153, 1 54, 1 94, 223, 231, 246, 247, 248, 

258, 273, 278, 304, 464n26, 471n187, 
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475n277, 484n78; divine providence, 29, 

30, 68, 114, 115, 116, 132, 135, 137, 146, 

1 94, 209, 421n222, 463n4; intelligent de

sign, 136, 154,484 

Gottingen, 71, 92, 21N 218, 453n232; ethno
graphical museum, 1 98, 219; "School," 239, 

240, 254 

Gottingische Gelehrten Anzeigen ( GGA), 77, 81, 

86, 131, 134, 168, 198, 206, 213, 266 

Giittingisches Magazin des Wissenschaften und 
Litteratur, 207, 211 

gravity, 42, 58, 84, 89, 235, 236, 245, 329, 330 

habitus, total, 201, 203, 205,209, 453n217 

Handbuch der Naturgeschichte (Blumenbach), 

202, 206-19, 233, 234, 253 

Hauptform (fundamental form), 256, 288, 

481n26 

health, 14, 21, 25, 27, 28, 186 

heart, 83, 147, 329 

heat, 47, 245, 306, 321, 347 

heredity, 1oo, 101, 128, 205 

Hermeticism, 97 

Histoire nature/le (Buffon), 98, 101, 102, 107, 

108, 109, 112, 116, 119, 122, 126, 131, 133, 

138, 173, 176, 177, 180, 187, 189, 414n66, 

440n8 

historicism (vs. presentism), 2, 356n13, 

483n72 

historicization of nature, 2, 3, 85, 100, 113, 

130, 1 60, 168, 1 70, 188, 1 94, 21 0, 239, 250, 

299, 331, 347, 352, 432n4, 433n7, 463n4; 

Blumenbach and, 216-24; Buffon and, 

172-75; Goethe and, 292-96; Herder and, 

181 -85; Kant and, 176-79, 224-33; Kiel

meyer and, 256-65; laws of, 130; Schelling 

and, 312-17; stages of, 307, 312, 313, 317; 

Steffens and, 326-30; Treviranus and, 

242-44 

history: as discipline, 350, 434n39; of geol

ogy, 433n17; of medicine, 37; of philosophy, 

3, 356n13; of science, 3, 318, 389n258, 

409n173, 442n29 

history, natural, 1 -8, 40, 58, 103, 107-28, 

140, 146, 1 63, 172-209, 215, 217, 226-30, 

234, 249, 251, 253, 254, 255, 289, 313-17, 

328, 329, 337, 349, 355n7, 356n9, 357n18, 

363n75, 448n131; whole new epoch of, 245, 

249, 266, 296, 311 

holism, 90, 147, 257, 293, 309,312 
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homme machine, L' (La Mettrie), 81, 98, 1 25, 

445n78 

Homo (human species), 1 94, 195, 1 96, 1 99, 

439n113, 445n73; sylvestris (man of the 

woods), 191; troglodytus (cave man), 190 

Hottentot, 193 

Huguenot, 10, 13, 123 

hybridity, 101, 115, 1 75, 193, 201, 211, 238 

hylozoism (nature as alive), 97, 98, 1 05, 130, 

134, 180, 1 81, 182, 234, 239, 257, 258, 283, 

289, 300,301, 305, 307, 310, 313, 324, 

326, 328, 347, 400n223, 404n8o, 414n81, 

435n62 

hypothesis, 66, 67, 83, 84, 85, 1 03, 1 04, 116, 

1 28, 131, 132, 136, 216, 229, 232, 264, 273, 

279, 281, 282, 320, 321, 322, 323, 328, 

488n159 

iatrochemistry, 6, 24, 25, 37, 361n53 

iatromechanism, 5, 6, 7, 17, 18, 20, 22, 24, 25, 

28, 30, 31, 37, 42, so, 62, 65, 74, 82, 83, 88, 

89, 98,138, 155, 156, 1 64, 166, 1 67, 229, 

247, 308, 345, 346, 347> 35'9D42, 360D48, 

397n152 

Idealism, German, 3, 4, 244, 257, 301; abso

lute, 312 

Ideen zu einer Philosophie der Natur (Schelling), 

298, 302, 305, 306, 307, 31 1  

Ideen zur Philosophie der Geschichte (Herder), 

182, 1 85', 202, 225, 234, 25'0, 25'1, 300,316, 

477n312 

identity formation (self-fashioning), 37, p, 53, 

62, 63, 64, 69, 71, 1 96, 197, 198, 251, 284, 

285, 288, 296, 343, 476n302, 487n136 

imagination (in science), 1 04, 116, 118, 120, 

230, 237, 265, 266, 294, 322, 391n297 

inference/induction, 84, 109, 119, 1 54, 1 57, 

1 5'8, 266, 268, 281,303 

injtuxus physicus (physical influx), 9, 1 o, 29, 

181, 276 

infusorians, 136, 241, 244, 266, 331 

instinct, animal, 120, 1 22, 128, 134, 138, 139, 

140, 141, 142, 144, 145> 164, 1 68, 171, 209, 

212, 393n56, 416n93; innate, 140, 142, 

143,248 

instruments, experimental, 4 7, 50, 98, 117, 

137 

intellectus archetypus (intellectual intuition), 

291, 313, 48on25, 481n26; divine reason, 

291 

intermaxillary bone, 1 96, 202, 214 

interpretation de la nature, De l' (Diderot), 98, 

99, 101, 1 02, 103, 104, 126 

interpretation of nature, 103, 1 04, 109, 115, 

128, 1 64, 188, 351 

intestine, formation of the, 151, 1 53, 162 

intuition, aesthetic (anschauende Urteilskraft), 
292, 481n29 

intussusception, 188, 259 

invertebrates, 114, 136, 1 89, 244, 266; lower 

("unsouled") animals, 1 6 6, 167, 170, 260, 

330 

irreligion, 68, 88, 1 09, 133, 137, 153 

irreversibility of traits, 238, 450n175 

irritability (Reizbarkeit; vis insita), 67, 82, 92, 

98, 147, 148, 15'2, 1 64, 1 65', 1 66, 1 68, 235', 

245, 247, 249, 250, 251, 258, 259, 260, 261, 

271 -79, 308, 316, 317, 330, 335, 338, 348, 

349; Hailer on, 84-89; Reiz/Reizbarkeit 
(stimulus and response), 83, 90, 349 

Jahrbucher der Medizin als Wissenschaft, 336, 

339, 343, 344, 347 

Jardin du Roi, 110 

Jena Natural History Society, 289, 328 

Kantian philosophy, 96, 1 04, 176, 224, 225, 

231, 234, 236, 237, 248, 252, 281, 282, 

283, 286, 290, 291, 294, 298, 299, 300, 

303, 304, 305, 310, 318, 321-28, 334, 

337, 346, 476n302, 477n312, 482n44, 

482n49, 483n79, 486n136, 487n150, 

495n52, 496n58; neo-Kantianism, 3; 

post-Kantianism, 242, 253, 268, 283, 292, 

301, 311, 312, 316, 323, 324, 326, 334, 343, 

493n29, 494n33, 494D40, 495n52 

Karlsschule, 251, 252, 253, 254, 255, 256, 263, 

266 

Keime (germs), 151, 1 84, 214, 238, 313, 314, 

438n105 

Konig affair, 1 24 

knowledge, 324; historical (contingent, em

pirical), 1 1 6, 1 59, 226; philosophical (cer

tain, demonstrative proof), 141, 154, 1 55, 

1 58, 159, 226, 284 

language capacity, 142, 1 92, 194, 1 95, 202, 

248, 421n2o8, 445n77 

laws, physical, 24, 30, 31, 32, 34, 66, l oo, 

1 27, 1 75, 233, 235', 239, 243, 247, 270, 273, 

276, 278, 280, 292, 295, 309, 332, 361np, 

475n277 



Lebenskraft (life/vital-force), 87, 97, 1 63, 171, 

1 84, 235, 242, 245-65, 266-85, 286, 287, 

294, 303, 306, 308-9, 311, 323, 331, 338, 

339, 348, 356n14, 475n277; animal spirits, 

26, 360fl43 
Leibniz-Clarke Correspondence, 52, 53 
Leibnizianism, 57, 68, 97, 113, 121, 1 23, 1 58, 

159, 181, 436n8o, 484fl44 
Leiden, 39, 48, 50, 51, 65 
life: origin of, 1 06, 136, 1 81, 222-23, 225, 228, 

261, 280, 297, 325, 330, 345; problem of, 

1, 8, 22, 24, 25, 27, 86, 1 27, 147, 148, 1 64, 

1 80, 1 81, 223, 231, 242,247, 249, 256, 266, 
273, 279, 286, 294, 300, 304, 307, 308, 

31 0, 323, 325, 330, 338, 345, 347, 351, 352 

life-forms/living things, 2, 7, 25, 27, 28, 29, 1 27, 

135, 137, 1 75, 1 91, 237, 329, 338, 409nl73; 

hierarchy/chain of, 112, 259, 260, 261, 264, 

276-77, 313, 316; history of, 11 0, i13, 160, 

1 68, 172, 175· 182, 222-25, 230, 232, 240-

44, 256, 258, 261, 31 5, 325, 330, 432n3, 

434n32; individual, 83, 86, 87, lOO, 1 22, 

128, 172, 238, 252, 259, 261, 263, 292, 293, 

295, 314, 31 6, 323, 337; New World, 194 
life-science. See biology 

light, 306, 321, 329, 338 

limits of human understanding, 111, 129, 166, 

231, 232, 282, 291, 294, 300, 31 0, 323, 

428n345; inscrutability, 230, 232, 235; real 

vs. nominal essence, 428n345 
Lisbon earthquake, 178 

logos/logistikos (rationality/reasoning), 26, 

27, 34 
Lutheranism, 13, 73, 367n3, 367n4, 367n5 

Magazin for den Neueste aus der Physik und 
Naturgeschichte, 218 

magnetism, 47, 1 83, 263, 264, 282, 301, 303, 

329, 338, 346, 404n78, 487n137 

mammals, 1 89, 209, 330, 351, 440n8, 441n24, 

453n217 

mammoths, 1 89, 221 

marble statue (Pygmalion), 146, 147 

materialism, 9, 11, 12, 31, 32, 38, 39, 81, 87, 

88, 92, 95, 96, 1 06, 1 09, 114, 11 6, 1 25, 126, 

134, 135, 136, 146, 1 53, 1 65, 169, 18o, 193, 

225, 236, 246, 247, 248, 252, 254, 281, 282, 

294, 297, 308, 360fl48, 378n7, 409n1 73, 

422n228, 485n101; reductive, 97, 1 07, 236, 

378n7, 400n223; vital, 1, 4, 8, 9, 29, 90, 

95, 97-1 07, 108, 11 3, 1 27, 128, 134, 148, 
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149, 151, 1 80, 1 81, 182, 237, 257, 282, 297, 

356n9, 400n223, 40ln3, 424n256, 463n4 
mathematics, 23, 31, 38, 39, 40, 45, 46, 49, 53, 

56, 58, 6o, 62, 64, 74, 76, 108, 110, 1 81, 
1 87, 241, 350 

matter, 5, 42, 85, 1 85, 1 88, 303, 305, 326, 

329, 346; active, 97, 1 27, 1 28, 130, 282, 

34 7, 409n173; aggregate (unformed), 
29, 33; atomistic/mechanical theory of, 

303; chemical composition of, 85; dy

namic theory of, 243, 303, 306, 321, 322, 

487n142; inert/passive/dead, 23, 27, 32, 

6� 9� 1 � 1� 1� 4� 1 64 1 � 18� 

235, 246, 247· 282, 294, 301, 328, 347, 

41 7n1 03; living (hylozoism), 98, 134, 182, 

347; organic, 85, 132, 233, 239, 245, 246, 

248, 282, 304, 309, 31 o; particulate, 48, 

69, 85, 130, 245, 277; plenum theory of, 23; 

prolific, 151 ;  properties of, 83, 98, 117, 1 27, 

132; thinking/intelligent, 128, 134; sensible, 

1 06, 1 07; unformed (brute/raw), 1 00, 113, 

134, 232, 233, 234, 308 

mecanique vs. physique, 57, 58 

mechanics, analytic, 5, 57, 58, 6o, 61, 1 03, 127, 

303, 361n51, 471n1 87 

mechanism (as instrumentality), 104, 236, 

250, 279 
mechanism vs. vitalism, 18, 155, 227, 234, 238, 

243, 281, 307, 346, 471n187 

medecin philosophe, 8, 9, 101, 1 02 

medical faculties, 4, 5, 7, 8, 1 8, 71, 189, 320, 

322, 341, 360n47, 493n21; Edinburgh, 7, 

21, 200, 247; German, 19, 21, 23, 36, 49, 71, 

75, 86, 1 63, 1 64, 200, 333; Gottingen, 4, 7, 

8, 15, 1 8, 21, 49, 55, 73, 74· 75, 76, 77· 88, 

1 98, 199; Halle, 13, 14, 1 5, 16, 17, 18, 20, 

28, 49, 150, 1 56, 1 63; Leiden, 7, 1 5, 1 9, 41, 

48, 49, 53, 71, 75, 362n6o; Montpellier, 7, 8, 

20, 21, 98, 107, 130, 247; Padua, 48; Paris, 

7; Pavia, 342; Vienna, 7, 342 

medicine: academic, 6, 7, 8, 1 5, 18, 1 9, 24, 28, 

31, 33, 35, 36, 42, 43, 44, 46, 47· 48, 53, 62, 

63, 67, 74, 75· 76, 102, 106, 148, 1 96, 199, 

255, 285, 321, 324, 332, 334, 335, 336, 339, 

341, 345, 350, 351, 355n5, 359n39, 361n54, 

363n72, 369n4o, 371n82; epistemological 

crisis of, 281, 284, 323, 324, 325, 334, 335, 

339; Newtonian, 42, 43, 44 
medicine (as profession), 7, 22, 1 63, 323, 334, 

337 

medicine, mechanistic. See iatromechanism 
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medicine, therapeutic. See clinical practice 

metabolism, 1 57, 259, 273, 279, 280, 309 

metamorphosis, 104, 147, 289, 293, 295, 296, 

299 

metaphysics, 3, 9, 22, 27, 29, 40, 45, 6o, 67, 88, 

92, 99, 123, 147, 1 5), 169, 170, 181, 234, 247, 

248, 2)8, 267, 281, 282, 320, 321, 327, 337, 

3)0, 3)8n2� 409n18o, 463fl4, 487n136; 

Buffon and, 110-12; C. F. Wolff and, 157-

61; Diderot and, 1 02-6; Hailer and, 68-70; 

Kant and, 224-33; Reimarus and, 136-37; 

Schelling and, 301-r;; speculation as, 3, 33, 

47, 111, 116, 118, 140, 170, 174, 184, 188, 

22), 281,301, 320, 322, 328, 337, 339, 340, 

346, 409n173, 482D44, 488n159 

Metaphysische Anfangsgrii.nde der Naturwissen
schaft (Kant), 199, 22), 226, 233, 242, 243, 

28h 302, 322, 326, 477n319, 487n142 

methodology, 9, 64, 67, 84, 88, 99, 102, 104, 

111, 113, 117, 131, 132, 140, 141, 161, 173, 

197, 218, 230, 233, 243, 2)4, 26), 268, 278, 

281, 293, 317, 318; mathematical method 

(more geometrico ), r;, 1 54, 15), 1)6; method 

vs. manner in science, 322; scientific 

method, 68 

microscope, 35, 40, 71, 84, 102, 137, 1)1, 1 57, 

161, 3)1, 417nl2) 
mineralogy, 130, 187, 190, 208, 209, 216, 219, 

240, 332, 343, 474n24) 
Mischung und Form/Mischungsveriinderung 

(mixtures and aggregates, chemical change), 

6, 23, 24, 2), 33, 34, 3), 280, 282, 334, 348, 

349, 376n1 86 

mold, internal (moule inttfrieure), 101, 113, 170, 

211, 224 

molicule, 102, 402n4o; organic (molicule ora-
nique), 101, 120, 170, 224 

monad, 123, 437n81 

monadology, immanent/physical, 181, 436n8o 

monism, 106, 237, 304, 436n8o 

monogenism, 201, 203, 206 

monsters (deformities), 99, 101, 190, 214, 

424n264; teratology, 190 

morphology, developmental, 1,  2, 3,  113, 202, 

20), 211, 28), 286, 287, 288, 292, 294, 

296, 297, 298, 319, 343, 350, 351, 357n21, 

482n44, 484fl86; diachronic sequence vs. 

simultaneity/synchronicity, 292, 293, 296 

motion, 6, 23, 2), 29, 31, 32, 33, loo; animal, 

87, 90, 246, 247, 348, 360D43; involuntary 

and voluntary, 26, 33, 34, 83, 247, 249, 275, 

349, 374n133; rectilinear, 23; vortex theory 

of, 6o, 64 

motus tonicus vitalis, 25 

mountain formations, 174, 217, 330; primor

dial (Ganggebirge), 217, 218, 240; sedi

mented (Flotzgebirge), 217, 218, 240 

muscle fiber, 84, 86, 147, 247, 272, 349, 

373n1o8; contraction, 83, 272, 275, 279, 

280 

nationalism, reactive, 4, 421n219 

naturalism, methodological, 1 o, 113, 11), 122, 

130, 134, 13), 14), 146, 1)4, 181, 243, 246, 

2)2, 282, 316, 325, 408n1)9, 418n14o, 

421n222 

naturalist (as calling), 1, 2, r;, 7, 8, 18, 38, 98, 

1 02, 113, 117, 118, 119, 120, 131, 136, 1)1, 

188, 191, 196, 1 98, 226, 237, 2)1, 270, 297, 

303, 318, 319, 336, 337, 351, 3r;r;nr;, 443n51 

natura naturans vs. natura naturata, 147, 173, 

177, 180, 182, 184, 291, 294, 301, 304, 30), 

306,311, 312, 326, 329, 337 

Naturbeschreibung (description of nature), 172, 

178, 179, 22), 226, 227, 228, 229, 230, 25), 

2)7, 31), 34 7' 3)0, 35)n7 

nature, 1, 2, 24, 2), 35, 317; absolute, 338, 347; 

continuous order of, 68, 103, 113, 142, 173, 

180, 182, 1 8), 188, 234, 2)8, 303, 304, 306, 

311, 312, 313; inner, 66, 84, 294, 296, 300, 

338; as physical world, 8, 31, 66, 127, 135, 

1 73, 269, 282, 301, 306, 309, 329, 346, 

355nr;; unity of, 1 04, 116, 127, 130, 188, 

2)6, 2)7, 2)8, 2)9, 283, 303, 304, 306, 309, 

311, 312, 319, 328, 337, 347 

Natuiforscher (natural scientist), 37, 53, 92, 

243, 267, 268, 288, 31), 322, 324, 326, 340 

Naturgattung/Realgattung; Stiimme (natural 

kind, genealogical descent), 113, 178, 1 82, 

191, 201, 226, 227, 29), 31), 3)1 

Naturgeschichte (history of nature), 2, 3, 1 72, 

173, 1 81, 183, 18), 1 88, 237, 238, 239, 244, 

255, 258, 314, 316, 317, 322, 330; Kant and, 

176-80, 224-33, 322 

Naturlehre (physical sciences), 19, 75, 137, 226, 

282, 307, 34 7, 440n7, 4 70n176, 4 78n326 

Naturphilosophie, 3-4, 240, 242, 244, 257, 26), 

267, 268, 270, 283, 28), 286, 288, 318, 

319, 358n27, 472n2o6, 486n136, 498n124; 

and the crisis in physiology, 324-52; 

Schelling and, 299-317 

Naturwissenschaft vs. Naturlehre, 226, 34 7 



Needham-Buffon experiments, 115, 119, I2o, 

I32, I37, I 51, 4I5n75 

Negotium Otiosum (Stahl), 28-36 

Nervenkraft (vis nervosa), I64, I65, 247, 272, 

273, 277, 278, 279, 28o, 32I, 349 

Nervensaft (nerve fluid), I66, 270, 349, 47In187 

nerves, 84, 86, 87, I47, I 65, 247, 27I, 349, 

476n3o2; autonomic, I66, I67, I68; nerve

endings in brain, 3I9, 32I; nervous system, 

I65, 260 

neurophysiology, 67, 99, I63, I 64, I67, I68, 

I 6 9, 248, 273, 282, 3I 9, 349, 476n302 

Newtonianism, I 7, 23, 37, 4I, 43, 44, 4 7, 
49, 53, 57, 6o, 7I, 97, Io8, 110, 116, I 23, 
236, 377n7, 378n13, 379n23, 386n2oi, 

389n258; British-Dutch, I 5, 38, 40, 42, 45, 

46,49, 50, 57, 58, 6o, 6I, I o8, I2I, I97; 

experimental, 38, 39, 40, 44, 45, 46, 47, 57, 

58, 63, 65, 66, 67, 95, I 08, I09, 110, 113, 

I2I, I28, I3I, I49, I 55, I6I, I87, I96, 277, 

409ni73; mathematical, 38, 57, 58, 6o, 66, 

I 09, 462n2; "Newtonian ideology;' 39 

nutrition and growth, 26, I 58, I62, 2I2, 2I4, 

239, 249, 279 

nutritive liquid (Nahrungssajt), I 58, I6o 

objectivity, I 04, 292 

observation: art of 117, 118,  119; and infer-

ence, I 03, I37, I 57, I 6I, I 64, I 88, 337, 351 

occipital cavity, I96 

occult qualities, 57, 97, I20 

"Ohio-unknown" (mastodon), I 89, 22I 

"On Irritability" (Zimmermann diss-), 77, 87, 88 

ontology, 85, 299, 374n133 

orangutan, I89, I90, I9I, I 94, I 95, I 96, I 97, 

202, 209, 2I4, 445n78; century of the, I92 

organ, 3,  349, 350 
organism, I, I3, I 7, I 04, I 25, I36, I37, I70, 

I76, I88, 209, 2I O, 222, 224, 232, 237, 239, 

240, 243, 249, 250, 259, 273, 278, 279, 

280, 283, 292, 293, 295, 329, 330, 332, 334, 

337, 338, 357n18, 373n113; C. F. Wolff on, 

I56-62; "divine machines" (Leibniz), 29, 

3I; Di:illinger on, 344-51; Maupertuis on, 

I27-3I; part/whole interaction, 289, 294; 

Schelling on, 305-23; Stahl's theory of, 

I 9-20, 27, 33; Stalil vs. Leibniz on, 28-36; 

Unzer on, I 63-68 

organization, 27, I 05, I28, I30, I37, I47, I76, 

I 83, 225, 228, 232, 234, 235, 239, 246, 

250, 278, 303, 305, 307, 309, 3I O, 3I2, 3I6, 
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32I, 32� 329, 330, 350, 357ni 8, 373ni 09, 

475n277 

origin, 1 oo, I35, 1 73, 1 88, 21 o, 216, 222, 226, 

227, 228, 229, 230, 23I, 232, 234, 235, 26I, 

3I 6, 329, 337; of life, Io6, I36, I 72, I8I, 

2I o, 222-23, 225, 226, 228, 26I, 280, 297, 
31 5, 325, 330, 345; natural inquiry into, 227, 

228, 31 5, 316, 325 

oxidation, 245, 273 

oxygen, 2731 306, 3o8, 339 

Pacific expeditions, 200, 205, 207 

paleontology, I 75, 2I6, 2I7, 2I9, 220, 239, 

242, 26I, 265, 296, 330, 33I, 442ll25 

panspermism, 2I4 

pantheism, I 05, 134, 18I, I82, 225, 288, 

379n23, 409n173 

Pantheismusstreit (Pantheism Controversy), 

289, 48In26 

paradigm, 1, 88, 97, I01, 102, Io8, Io9, 111, I3o, 

I 8o, 197, 236, 292, 296, 40In3, 424n258 
Paris, 49, 53, 54, 56, 64, 86, I 25, I8o, 240; 

Charite Hospital, 54, 55 

parthenogenesis, 102 

pathology (as medical faculty), 5, 32, 35, 49, 

65, 75, 92, I64, I 9 9, 339, 348 

peregrinatio medica, 51, 56, I 99, 342 

pharmacology, 43, I 89, 332 

philosophes, 112, 115, 116, 4I om8I 

philosophy, 22, I 03, I 24, I34, I69, 257, 268, 

280, 290, 29I, 303, 305, 309, 324, 327, 336, 

337, 34I, 343, 37In82, 487n150; of biology, 

4,I56; "dynamical;' 306; experimental, 
38, 39, 40, 46, 58, 6o, 6I, 64, 66, I oS, 11 o, 
11I, 379n24; of history, 434n39; mechani

cal, 5, 23, 33, 38, 68, 69, 97, 106, 304, 309, 

359n42, 377n7, 378m3; natural (philosophia 
natura/is), I, 5, I 7, IS, 39, 40, 46, 47, 56, 

57, 64, 69, 95, 1 04, I09, 110, 114, 11 7, I 20, 

I28, I30, 131, I36, I 51, I 72, I8I, I86, I88, 

245, 267, 268, 297, 34I, 355n5; of nature, 

265, 267, 299, 305, 309, 311, 3I2, 3I7, 3I9, 

325, 326, 327, 33I, 332, 377n7; popular, I S, 

324; school (Wolffian), 4, I o, I6, I S, I 9, 48, 

67, 69, 70, 97, I 23, I 24, I4I, I42, I47, I49, 

I 54, I 55, I 57, I 58, I6o, I6I, I 64, I69, 246, 

370n56, 412n9, 4I4n6I, 4I6n93, 4I9ni 74, 

436n8o; of science, I 03, I49, I 54, 225, 234, 

237, 24I, 268, 302, 304, 307, 3I9, 323, 326, 

328, 33I' 332, 337, 34I' 487n150, 488n159; 

university faculty, 5, 8, 3I8, 320, 493n2I 
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phlogiston theory, 23, 268, 269, 271, 272, 277, 

279, 474n245 

phylogeny, 3, 233, 234, 261, 357n18, 357n21 

physicotheology, 6, 39, 68, 99, 114, 1 1 6, 137, 
179, 378n13, 378n18, 407n156 

physics: as academic discipline, 17, 1 8, 74, 76, 

356n9, 369n40; Newtonian, 57, 6o, 63, 65, 

66, 84, 176; as special science, 6, 23, 32, 

35, 40, 41, 44, 47, 57, 63, 73, 82, 1001 102, 

103, 110, 111, 181, 218, 245, 253, 269, 270, 

271, 274, 282, 284, 305, 344, 346, 350, 352, 

409n173, 440n9, 470n176; "speculative" 

(Schelling), 303,306, 328, 337, 497n75 

physiognomy, 204, 208 

physiology as a medical discipline, 44, 49, 

50, 63, 67, 71, 76, 102, 128, 147, 165, 181, 

182, 194, 196, 199, 207, 224; calving of 

research/experimental, 7, 8, 21, 36, 37, 44, 

63, 65, 67, 68, 71, 76, 82, 83, 85, 89, 90, 92, 

106, 163, 186, 245, 251, 272, 284, 285, 323, 

324, 325, 340, 342, 350, 363n71, 363n72, 

501n172; C. F. Wolff and, 158-63; chemical, 

15, 277-84, 306-9, 326, 334; comparative, 

2, 3, 21, 71, 90, 162, 166, 206, 249, 250, 

256, 287, 290, 315, 316, 317, 331' 340, 342, 

343; Dollinger and, 345-52; epistemologi

cal crisis of, 280, 281, 287, 325, 334; Hailer 

and, 79-90; Newtonian, 38, 42, 45, 58, 64; 

Stalll and, 19-36, traditional, 5-7, 15; "tran
scendental" (Soemmerring), 320, 321; Tre

viranus and, 240-49; Unzer and, 1 63-68; 

and vital force, 267-85, 287, 293, 295, 296, 

303, 308, 318-23, 332, 333, 339, 342, 344, 

361n53, 363n73, 422n239, 470n176 

physique (physical-natural sciences), 5, 1 9, 22, 
24, 25, 33, 34, 75, 1 1 6, 137, 186, 226, 228, 
234, 245, 281, 282, 307, 309, 312, 320, 328, 

34� 409n180, 440n� 470n176,478n326; 

expirimentale, 36, 39, 40, 50, 102, 103, 

105, 180, 199, 282, 326, 379n24, 404n78; 
mechanistic, 29, 31, 32, loo, 1 02, 127, 1 28, 

130, 142, 230, 235, 236, 239, 254, 294, 300, 

304, 324, 400n223; nonmathematical, 1, 

38, 44, 47, 108, 109, 110, 113, 114, 128, 1 87, 

199, 356n9, 440n7 

physis (Hippocrates), 25, 26, 374n133 

Pietism, 4, 10, 13-18, 20, 26, 27, 72, 73, 367n4, 

367n5, 367n7, 369n44; in medicine, 16-18 

piety, Christian, 64, 68, 82, 92, 93; public, 94 

plants: chemistry, 266, 273, 330, 349; gen

eration, 157; lifelessness of, 137, 259, 276; 

physiology, 157, 273, 274, 275, 276, 288, 

289, 296, 297, 331' 348 

poetry, 63, 64, 288, 290, 297; didactic, 61, 

297, 298 

Polaritiit (polarity), 1 81, 286-89, 295, 301, 

303, 307, 309, 487n137, 487n142 

polygenism, 192, 200, 201, 202, 203, 206 

polyp (hydra), 102, 115, 132, 167, 170, 207, 

209, 211, 232, 271, 315, 350, 408n169, 

453n232 

positivism, 3, 4, 268, 318, 358n27, 488n159 

preestablished harmony, 1 o, 29, 31 

preformation (Evolution), 91, 92, 96, 99-102, 

113, 128, 132, 133, 1 53, 170, 1 84, 201, 207, 

211, 213, 214, 229, 249, 294, 295, 314, 

409n173, 424n256; animalculist/spermist, 

1 oo, 132, 213; "dynamic" (Schelling), 313, 

314; emboitement (encapsulation), 100, 153, 

1 84, 211; "generic'' (Kant), 232, 313, 314; 

individual, 313, 314; ovist, l oo, 21 o 

primates, 190, 209, 248 

probability, 67, 108, 111 

product vs. productivity (process), 130, 243, 

293, 305, 306, 311, 312, 313, 315, 326, 329, 

330, 339, 346, 347, 348, 350, 482n54, 

483n64, 484n78 

protoplasm/gluten (Gallaert), 83, 85, 86, 90, 

162, 349, 350 

Prussia (Brandenburg-Prussia), 9, 13, 1 7, 

367n3, 367n7 

psychology, 67, 148, 281, 293, 349, 430n4o6; 

British, 169; developmental, 146, 147; fac

ulty, 141, 142, 431n421; mechanistic, 1 69; 

physiological, 18, 19, 67, 144, 145, 146, 

148, 165, 248, 251, 252, 281, 349, 386n275, 

476n302, 477n319; rational vs. empirical, 

160, 1 64, 364n82 

public sphere, 4, 10, 99, 115, 124, 350, 412n17, 

449n137 

purpose, 132, 135, 136, 1 93, 223, 224, 235-37, 

239, 275, 277, 303, 309, 317, 321, 484fl78; 

immanent, 24, 33, 140, 1 56, 236, 293, 303, 

304, 310, 317, 417n111, 484fl78; Kant and, 

228-32; Stalll and Leibniz on, 26-34; 'I'ech
nik der Natur (Kant), 304 

"Queries" to the Opticks (Newton), 38, 40, 42, 

43, 44, 4 7, 58, 1 09 

race, 178, 179, 190, 192, 193, 201, 203, 204, 

205, 206, 210, 225, 228, 233, 237, 314, 351, 



444n69, 449n137, 450ru 75, 491n285; 
Amerindian, 194; black, 193, 203, 206, 

449n137; European "white" (Caucasian), 

21 o, 491n283; Malay, 205 
reason, human, 139, 140, 142, 145, 185, 194, 

196, 202, 212, 225, 226, 227, 261, 304, 317, 

326, 331, 346, 349, 421n2o8; emergence of, 

225; practical, 231, 291; subjectivity/self

consciousness, 304, 328 
reason, principle of sufficient, 29, 30, 135, 155, 

157, 159, 417n103 

reason in nature, 304, 326 

recapitulation (biogenetic law), 261, 267 
reflection, 139, 142, 299, 313, 481n29 
regulative vs. constitutive principle, 236, 

236-37, 237, 239, 243, 283, 291,304,319, 

476n336, 482n49, 487ru36; regulative 
ideal, 302 

religion/theology, natural, 30, 39, 45, 96, 99, 

134, 4o8ru 59, 416n93 

Reproduktion (regeneration), 115, 211, 212, 214, 
239, 249, 279, 316 

Reve de d'Alembert (Diderot), 99, 106, 107, 1 80 

revolution, geological, 173, 174, 220, 237, 239, 

262; total (paleontological), 221, 222, 223 

romances/phantasies, philosophical, 69, 118, 

119, 1 88, 230, 281, 298, 309, 39ln297, 

485n1 09 
Romanticism, 3, 268, 337, 357n24, 358n28; in 

medicine, 327 

Schulgattung (logical class), 178, 226, 227, 228 

science, natural, 2, 7, 18, 33, 34, 40, 53, 56, 

64, 75, 78, 88, 99, 102, 103, 108, 109, 111, 
115, 1 1 6, 118, 125, 128, 134, 145· 1 54, 172, 

180, 187, 199· 228, 230, 237, 241, 242, 244, 
2)2, 253, 257, 267, 278,291, 297· 307, 310, 
321, 327, 339, 350, 352, 355n7, 369n40, 

440n9, 487ru 50; empirical, 3, 8, 25, 27, 
33, 6o, 67, 70, 75, 78, 82, 90, 98-118, 127, 
140, 141, 169, 170, 1 87, 199, 237, 246, 248, 

250, 254, 263, 268, 282, 284, 287, 289, 

291, 292, 294, 299, 302-8, 315-24, 328, 

332, 337· 341, 347, 351, 409nl 73, 440n7, 

440n9, 471ru 87, 476n302, 482n44, 
483n79, 488n159, 497n75; English, 51 -
52; historical, 230, 258, 433n7; modern, 

30, 31, 117, 172, 173, 210, 265, 297, 298; 
normal, 318; public/experimental demon
stration, 38, 46, 58; vs. religion, 82, 92, 93, 
94, 95, 96, 324; special, 3, 23, 36, 38, 113, 
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244, 245, 258, 270, 284, 285, 340, 356n13, 
475n277 

scientist (as term), 1 

Selbstdenken (thinking for oneself), 10, 11, 
366nll3 

self-organization, 25, 27, 33, loo, 130, 132, 

162, 188, 283, 286, 299· 304, 312, 326, 

328, 329, 338, 34), 348 

self-preservation, 140, 142, 235, 242 
sensation/sentience, 67, 86, 87, 141, 145, 1 64, 

1 6), 166, 167, 247, 248, 260, 277, 321, 

331, 349 483n72; feeling (as sensation), 

348, 349, 481n29; receptivity/responsive
ness, 349 

sensibility (as life-force), 67, 98, 105, 106, 107, 

138, 140, 141, 142, 147, 148, 1)2, 1 6), 166, 
23), 24), 249, 250, 2)1, 258, 260, 261, 271, 

272, 27), 276, 316, 317,330, 331, 335, 339, 
348, 349, 418n140; Hailer on, 83-91 

sensorium commune, 147, 320, 321 

shape (Gestalt), 349, 483n64 

skepticism, 68, 84, 234, 264, 299, 334 

skin color, 203, 204 
soul, 6, 137, 145, 147, 165, 166, 247, 424n256; 

anima, 20-34, 83, 164, 168, 272, 278, 281, 

309, 321, 347, 373nl09, 37¥133, 374nl36, 

430n406, 477n312; animal, 26, 84, 99, 134, 

141, 142, 247, 248, 349, 360n47, 360n48, 
408n169, 409n173, 432n421, 443n51; 
Christian sense of, 26, 27, 34, 192, 374nl36, 

431n420, 443n51; immaterial, 156, 1 69, 

192, 193, 282, 321, 347, 374fll33i mate-

rial, 27, 31, 321, 361n48, 43lfl420; psyche, 

25, 26; rational, 26, 27, 192, 193, 1 94, 246, 

247, 374n126, 443n51; seat of the, 147, 319, 

322; tripartite (vegetative, animal, rational), 
26, 360n43, 374n126 

species, 3, 100, 1 01, 107, 113, 129, 130, 136, 

14), 170, 172, 174· 176, 178, 179, 182, 183, 

1 84, 194, 1 95, 201, 202, 203, 215, 221, 223, 
224, 226, 228, 232, 237· 238, 242, 262, 

292, 295,313, 314; fixity (essentialism), 

170, 184, 224, 228, 232, 233, 234, 239, 314, 

316; original (Stammgattung), 100, 175, 178, 

179, 224, 22� 232, 233, 23� 238, 314 
Spinozism, 12, 39, 73, 87, 88, 101, 105, 106, 

126, 1 55, 18o, 182, 288, 300, 301, 317, 329, 

379n23, 404fl80; Deus sive Natura, 180, 
181, 317; immanent creativity, 106 

Stalilianism, 18, 21, 156, 248, 370n56, 

422n228, 477n312 
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Steigerung (intensification), 286, 288, 289, 
487nl42 

stratification, geological, 173, 174, 217, 218, 

239, 244, 262, 296 
Sturm und Drang, 10, 94, 288, 400n223 
substance (ontology), 26, 27, 66, 159, 246, 

248, 282, 304, 305, 309, 337. 338, 437n81 

substrate, supersensible, 236, 281, 283, 

477n312, 478n336 

surgery (as medical discipline), 37, 51, 53, 55, 

74, 87, 336, 342 

Switzerland, 51, p, 56, 61, 79, 89, 91, 95, 133, 

152, 198; Swiss Protestantism, 68, 116; 
Swiss science, 121, 1 9 9 

system, 67, 69, 84, 87, 88, 89, 108, 111, 112, 

119, 137, 215, 217, 230, 243, 257. 258, 259, 

298, 302, 303, 304, 305, 315, 324, 326, 328, 

409n178, 454n217; esprit de systeme vs. 
esprit systematique, 67, 114, 11 6, 118, 188, 

407n145; "natural," 127, 201, 209, 227 
Systeme de la nature (Maupertuis), 123, 126, 

127, 129 
System of Nature (Holbach), 400n223 

System of Nature (Linnaeus), 189 

taxonomy. See classification 

teleomechanism (Lenoir), 254, 4 77n315 

Teyler Foundation, Haarlem, 173 

theology, 30, 181, 324, 360n47, 371n82; insect, 

114; as university faculty, 73 
Theoria Generationis (Wolff), 150, 154, 158 

theory, medical, 5, 15, 18, 20, 22, 23, 27, 34, 

73, 84, 86, 270, 271, 283, 333, 335, 339, 

342, 344 

theory construction, 89, 98, 109, no, 113, 115, 

116, 118, 119, 127, 128, 130, 137, 149, 1 53, 
158, 159, 267, 268, 281,319, 321, 322, 323, 

324, 328, 332, 337, 347, 361n54, 488n159 
time: Biblical narrative of creation (Moses), 

133, 218, 415n87; deep, geological, 133, 
434n25 

'Jraiti des animaux (Condillac), 138 

transformism, 181, 183, 184, 185, 224, 229, 

239. 242, 244, 261, 262, 264, 276, 295, 315, 
484fl86 

transnational vs. national, 3, 3 57n24 

travel literature, 128, 199, 203 

'Jrieb (drive), 138, 139, 140, 141, 142, 143, 

168, 212, 235. 275, 277, 294, 303, 309, 310, 

349, 418n153; elective, 139; of skill/arti-

fice (Kunsttrieb), 140, 141, 143, 144, 145, 
210, 248 

'Jriebe der Thiere (Reimarus), 134, 138, 139, 143 

type, 185, 289, 292, 295, 296; ideal, 292; se
quencing, 3, 357n21, 484n86 

Uber die Verhiilnifie der organischen Kriifte unter 
einander (Kielmeyer), 171, 250, 256, 257, 

261, 266, 277· 295, 296, 316, 331 
uniformitarianism (geology), 219 

universities: Bamberg, 333, 336, 341, 342; 

Base!, 54, 62; Berlin, 4, 78, 266, 284, 339; 
Cambridge, 41; Copenhagen, 327; Duis

burg, 47; Edinburgh, 41; German, 73, 153, 

158, 318; Gottingen, 5, 71, 72, 73, 74, 78, 79, 

91, 186, 187, 1 98, 1 99· 240, 241, 251, 253, 

266, 271, 272, 273, 274, 331, 339, 44ln24, 
476n302; Groningen, 64, 70, 204; Halle, 

4, 5, 11, 13, 1 8, 19, 48, 50, 72, 73· 75· 79· 

91, 1 02, 123, 150, 155, 266, 269, 331, 332, 

369fl44, 370n56, 4I6n93, 476n302; Helm

stedt, 73, 79; Ingolstadt, 336;jena, 5, 74, 
82, 187, 198, 241, 274, 287, 290, 298, 299, 

311, 318, 325, 326, 331, 332, 333, 335, 339, 

492n2, 498n124; Kiel, 327; Konigsberg, 

208, 322; Landshut, 336; Leiden, 6, 40, 45, 

46, 47, 48, 196, 379n24; Leipzig, 13, 334, 

367ll4, 472n2o6; Oxford, 91; Tiibingen, 48, 
50, 74, 253, 266, 295,326, 347; Utrecht, 47; 
Wittenberg, 13, 367n4; Wiirzburg, 333, 336, 

339, 342, 343, 350, 351, 501nl70 

Urpjlanze, 289, 292 

Urtyp/Urphiinomen/Urbild (prototpye/arche

type), 104, 178, 215, 232, 288, 300, 301, 

314, 317, 337, 484n78 

varieties (within species), 3, 101, 130, 175, 179, 
201, 203, 204, 205, 206, 208, 210, 228, 

238, 262, 314, 351; Abartunglprogenies clas
sifica, 227, 238 

Venus physique (Maupertuis), 98-101, 120, 

126, 132 

vertebrates, 189, 289, 296, 442n25 

Verwandtschaft (consanguinity, common gene
alogy), 1 78, 225, 232, 258 

vis essentialis (essential force), 157, 158, 1 6o, 

161, 1 62, 211, 212, 213, 245, 246, 294 

�sualization, 289, 481n29 

�talism, 9, 20, 50, 88, 90, 98, 106, 107, 155, 
156, 181, 182, 184, 225, 236, 258,301, 



304, 305', 397n15'2, 409nl73, 422n239, 
432fl421, 45'9nl35'; methodological vs. 

metaphysical, 471n187 
vivisection, animal, 76, n, 83, 85', 90, 35'1 
volcanos, 216, 217, 218, 219 
Von der Weltseele (Schelling), 298, 299, 306, 

307, 308,311, 316, 325, 329, 334, 487nl37 
Vorwelt (earliest) "preadamitic" times, 217-23 

Waisenhausmedizin, 14-18, 1 5'6 
Weltseele (world soul), 134, 281, 300, 306, 307, 

310, 477n312 
Weltweisheit (worldly philosophy), 178, 208 
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Wissenschaft, eigentliche/scientia (proper 

science), 154, 158, 159, 225, 226, 230, 231, 

233, 237, 243, 280, 294, 303, 312, 319, 
322, 323, 325', 328, 334, 361n5'4, 45'9nl35', 
492np 

Zeitschrift for spekulative Physik, 318, 326, 

327, 337 
zoology, 2, 7, 8, 71, 112, 1 85', 188, 189, 1 91, 

1 97> 199, 208, 221, 249, 25'1, 25'3, 25'5', 289, 
332, 337; comparative, 65, 1 63, 186, 197, 
207, 221; developmental, 1 88, 221 

Zurich, 49, 5'1, 5'6, 17 4 




