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1. Introduction
Historians, the good ones, mark a century by intellectual and social boundaries rather than by the turn of the calendar page. Only through fortuitous accident might occasions of consequence occur at the very beginning of a century. Imaginative historians do tend, however, to invest a date like 1800 with powers that attract events of significance. It is thus both fortunate and condign that “biology” came to linguistic and conceptual birth with the new century. Precisely in 1800, Karl Friedrich Burdach, a romantic naturalist, suggested that his coinage Biologie be used to indicate the study of human beings from a morphological, physiological, and psychological perspective.
 Many other neologisms of the period (and Burdach issued quite a few) were stillborn or survived only for a short while. Biologie, though, fit the time, and with slight adjustment received its modern meaning two years later at the hands of the Naturphilosoph Gottfried Reinhold Treviranus. In his multi-volume treatise Biologie, oder Philosophie der lebenden Natur (1802-1822), Treviranus announced: “The objects of our research will be the different forms and manifestations of life, the conditions and laws under which these phenomena occur, and the causes through which they have been effected. The science that concerns itself with these objects we will indicate by the name biology [Biologie] or the doctrine of life [Lebenslehre].”
 Jean-Baptiste de Lamarck, also in 1802, employed the term with comparable intention.
 In the work of both of these biologists, the word became immediately associated with the theory of the transmutation of species—a new term in recognition of the new laws of life. Treviranus thought the progressive deposition of fossils evinced a modification of species over time. And Lamarck, in the very year of 1800, declared, in his “Discours d’Ouverture,” that because of diverse environmental influences, creatures would engage in new habits that could alter anatomical parts, which themselves would become heritable, thus progressively modifying species.
 Biology, as it came to birth at the beginning of the nineteenth century, had evolutionary theory within its genetic depths. After mid-century, of course, biological study would explode, like a super-fecund rabbit, into a prodigious outpouring of evolutionary and counter-evolutionary literature. Though the history of science exhibits no radical discontinuities (of the sort Foucault has imagined), evolutionary theory did quickly form into an enormous and powerful force, disrupting everything within its conceptual territory. This surge of evolutionary thought has endlessly fascinated historians of the nineteenth century, and they have devoted more pages to its study than to any other subject falling under the rubric of biology.

Between 1795 and 1800, the German Romantic Movement took shape through the literary, philosophic, and scientific efforts of a select band of individuals resident in and around Jena, that small university outpost near Weimar. Its developmental ideal of Bildung (formation), which organized thought in biology, literature, and personal culture, readied the soil in Germany for the reception of evolutionary seeds blown over from France in the early part of the century and the more fruitful germinations from England in the later years. The conceptual ground for the Romantic Movement was prepared by the literary and historical researches of the brothers Friedrich and Wilhelm Schlegel; by the poetry and iconic personality of Friedrich von Hardenberg (Novalis); by the idealistic philosophy and personal magnetism of Friedrich Schelling; and by the dynamic art and science of Johann Wolfgang von Goethe. In 1797, Schelling’s Ideen zur einen Philosophie der Natur appeared (giving the name Naturphilosophie its particular contours), and then in rapid succession his Weltseele (1798) and System der transcendentalen Philosophie (1800). These books provided philosophical guidance for numerous works of biological importance that would penetrate far into the decades of the new century—for instance, Goethe’s own collection of tracts Zur Morphologie ([1817-1824] 1989), as well as the many studies in physiology and zoology of Treviranus and Johann Christian Reil, and the morphological researches of Burdach, Lorenz Oken, Carl Gustav Carus, and ultimately Richard Owen. The Romantic Movement also gave focus to the scientific vision of Alexander von Humboldt, who rashly but systematically conducted the kind of auto-experimentation in electrophysiology that would insinuate the self into the biology of the new century. In 1799, Humboldt sailed for the Americas, where he would spend five years exploring the geological and biological features of the New World, and, not incidentally, creating a scientific persona that would come to epitomize, for the first half of the nineteenth century, the natural-scientific researcher. Humboldt  recounted his extraordinary journey in a multi-volume tome, Travels to the Equinoctical Regions of the New Continent (1818-1829).
 The book inspired Charles Darwin and Ernst Haeckel to embark on comparable voyages of adventure and research. The conceptual, moral, and aesthetic tides of the Romantic Movement would wash through the century, cresting in the evolutionary theories of Darwin and Haeckel.

The conceit that the nineteenth century was “Darwin's century” carries more significance than the immediately obvious. It also portends an alteration in historiographic practice. In the Origin of Species (1859), Darwin proposed that the study of living nature would assume a new meaning when undertaken from a historical vantage:

When we no longer look at an organic being as a savage looks at a ship, as at something wholly beyond his comprehension; when we regard every production of nature as one which has had a history. . . how far more interesting, I speak from experience, will the study of natural history become.

The same might be said of the history of biology. The practice of the historiography of science, and that of biology in particular, has gradually moved from a concentration on the logical skeleton of theory—say, in the still quite useful History of Biology ([1920-1924] 1936) by Erik Nordenskiöld or in the more recent and even more useful Geschichte der Biologie, largely by Ilse Jahn (1998)
—to an examination of the full, fleshy creature. This has happened when more austere intellectual history has recovered its cultural context, when the theories that Darwin, Mendel, Haeckel, Galton, and Pasteur advanced have been understood as the products of multiple forces operative on the minds and hearts of such scientists. For the historian, this requires an imaginative and thoroughly empirically inspired return to the past to catch the now dead theories when they were full of life. Sometimes, of course, the resources for recovering that context are meager, and the best the historian can do is lay out the skeleton. But the full pleasures of the dance with the past can only be had when those constructive forces have been reconstituted so that the companion offers a lively step and a knowing smile.

The works of the historians I will discuss rarely meet the ideal of a fully reconstructed cultural history of biology. Some provide merely the bare bones of a theory, and neglect its author, who only becomes a name for a given set of ideas. Others produce a flabby creature that lacks the stiff structures of science—much about politics and social status, little about the hard elements of biological theory and practice. Some few historians do more, however: they articulate the bones to assume vivid poses, and at their best they refashion the remains of past biology with the imaginative skill of the artist, making it spring to life once again. I will have more to say about the ideal of cultural history of biology in the last section of this essay.

For the discussion of nineteenth-century historiography of biology, I have only occasionally mentioned articles, since their number is uncountable and space is finite. The medium of expression for most historians has been the extended monograph, and that genre certainly has had the principal role in shaping the field. I have chosen books that I believe have been of major importance, and added a few others for contrast. Evolutionary theory has been the obsession of the discipline, so the largest fraction of works I will discuss reflects that concentration.  Evolutionary biology, then, will be my starting point (section 2). Thereafter, I turn to social Darwinism and evolutionary ethics (section 3), biology and religion (section 4), biology and literature (section 5), morphology and romantic biology (section 6), neurophysiology (section 7), genetics and cell theory (section 8), and biography (section 9). In the last section of this essay, I will sketch two contrasting modes in history of biology, intellectual history and cultural history.

2. Evolutionary Biology
During the last four decades, studies in the history of nineteenth-century biology have proliferated, expanding considerations of our understanding of science and its development. These studies moved the history of science community beyond the narrower confines previously established by histories of the physical sciences, which dominated during the previous half-century. The occasion for the transformation was the celebration, in 1959, of the centenary of Darwin’s Origin of Species. The commemoration stimulated the publication of several books whose oppositional considerations suggested a quite unsettled view of the scientific status of evolutionary theory and its underlying metaphysics, and thereby made poignant the very nature of scientific theory itself. Loren Eiseley, in his Darwin’s Century (1958), presented, in highly literate and sometimes elegant prose, the character of Darwin’s accomplishment, the reactions of contemporaries, and the prospects for the future. In that latter consideration, Eiseley seemed to take away what he had so felicitously offered in the first part of his book: he attempted to free human beings (by historical argument) from the biological determinism assumed by Darwin’s theory. Elaborating some considerations of Alfred Russel Wallace, and unaware of the latter's dalliance with spiritualism, Eiseley declared: “The mind of man, by indetermination, by the power of choice and cultural communication, by the great powers of thought, is on the verge of escape from the blind control of that deterministic world with which the Darwinists had unconsciously shackled man.”

Eiseley’s history gave vent to his distrust of the underlying metaphysics of Darwin’s theory; and so he found in all corners of the Englishman’s science subtle deficiencies, rough edges, and misaligned ideas that indicated the whole would eventually come clanking and sputtering to a halt. In a subsequent volume, Darwin and the Mysterious Mr. X (1979), Eiseley, upon due reflection, had decided that Darwin did not even deserve the attributions of originality initially conceded to him. Eiseley now maintained that Edward Blyth, an obscure naturalist, had formulated the fundamental Darwinian concepts—variation, struggle for existence, natural and sexual selection—already in 1835, and that Darwin had tacitly appropriated them as his own. John Greene, while not suggesting the kind of fraud that Eiseley had, nonetheless maintained that Darwin’s fundamental ideas had been anticipated by an obscure physician, William Wells, in 1818. Greene’s Death of Adam (1959) dissolved Darwin’s genius into the musings of his predecessors. Greene would likewise find the metaphysics of Darwinism distasteful, as he later made clear in his Science, Ideology, and World View (1981).

 The attitudes of Eiseley and Greene found their complement in the work of Gertrude Himmelfarb. In her compelling, if irritating, study Darwin and the Darwinian Revolution (1959), she argued that the scientific core of Darwin’s theory sank into confusion, while the dogmatic shell might be retrieved by sly Marxists. In this respect, she prophesied correctly if obliquely, since Marxist historians, of considerably more benign character than this Cold-Warrior envisioned, have seized upon evolutionary theory as subject for social analysis. Stephen Jay Gould, Robert Young, and Adrian Desmond, whose works I will more thoroughly discuss below, have each detected varying aspects of the theory to be generated by political and social assumptions. The studies of Eiseley and Himmelfarb gained force when the philosopher Karl Popper (1974) set his own small bomb under Darwin’s theory. He argued that because natural selection could not predict new variations and new species, it could not, for reasons of logical symmetry, explain their origin. Further, he construed the theory as simply a tautology: the fit survive, and we know they are fit because they survive. The theory, he concluded, failed as science but thrived happily as metaphysics.

These initial studies of the origins of evolutionary thought brought a counter reaction from historically minded biologists, such as Ernst Mayr. Mayr began writing historical essays during the 1960s and 1970s, bringing them to culmination in his 1982 book The Growth of Biological Thought, two-thirds of whose almost one-thousand pages he devoted to evolution and genetics. His history fashioned Darwin into the very model of the biological scientist; and its trajectory had a definite end, namely the vindication of Darwinian theory against the likes of Eiseley, Greene, Himmelfarb, and Popper. The model of the proper evolutionist, though, ill-suited Herbert Spencer—at least, in Mayr’s estimation. In his very extensive monograph, he devoted only three paragraphs to Spencer, who, after Darwin, was certainly the most influential nineteenth-century English evolutionist. Mayr thought “it would be quite justifiable to ignore Spencer totally in a history of biological ideas because his positive contributions were nil.”
 This attitude, needless to say, poorly comported with that of the younger, professionally trained historians whose interests became trapped in the tangle of evolution, politics, and social relationships. Like Br'aer Rabbit, they loved the brier patch, where the likes of Spencer could be found. But alas, poor Spencer, he still awaits the monograph that will show exactly what it was about his philosophy and science that captivated intellects of power and influence during the late nineteenth century.

Another scientist turned historian who began writing in the wake of the Darwinian centennial is Michael Ghiselin. His Triumph of the Darwinian Method (1969) provided a literate public, especially scientists, a general introduction to Darwin’s thought. But the book also found in Darwin’s work those singular features that raised it above even very clever science, something that anointed Darwin’s ideas as scientific touchstones, whence gold or dross could be discerned in the many other claims made by biologists. When that special aspect of Darwin’s thought was revealed, however, the expectant reader met disappointment. In Ghiselin’s estimation, what made Darwin’s method triumphant turned out to be its putative hypothetico-deductive character. In other words, Darwin’s method was just what the logical-empiricists took to be the technique of all good science, and Darwinian theory was, after all, good science—therefore, hypothetico-deductive. This was a Darwin the logical empiricists could learn to love.

David Hull and Michael Ruse, two leading philosophers of biology, made special study of the history of evolutionary theory from the very beginnings of their careers.
 In Darwin and His Critics (1973), Hull collected early contemporary reviews of the Origin of Species—those of J. D. Hooker, Adam Sedgwick, Richard Owen, and others. He prefaced the collection with a series of essays that treated various topics relevant to evolutionary controversies (e.g., inductive method, occult qualities, teleology, essences). Like Ghiselin, Hull strove to make Darwin’s thought look respectable to logical-empiricist eyes (though in more recent work, Hull has thrown sand into those very eyes).
 Ruse had a similar goal, pursing it through such books as The Darwinian Revolution (1979), Taking Darwin Seriously (1986), Evolutionary Naturalism (1995), and Monad to Man (1996). In this latter, Ruse surveyed the development of evolutionary thought in the nineteenth and twentieth centuries, anchoring that thought in Darwin’s accomplishment. The book, rich from archival digging, posed several interesting questions, of which two stand out: Does Darwin’s theory intrinsically imply biological progress? and What was the professional status of the theory prior to the synthesis of evolution and genetics during  the 1930s and 1940s?  Ruse handled these questions deftly and almost persuasively. He argued that notions of progress clung to Darwin’s theory like barnacles to a ship—inevitable attachments if one plied the waters of the mid-nineteenth century, but eliminable with enough analytical scraping. He also maintained that because of such accretions, scientists like Huxley might take evolutionary theory out on a pleasure cruise, something to entertain the masses, but would never seek to introduce that theory into professional work. Ruse improbably concluded that evolutionary theory did not become a respectable scientific subject in the professional literature (at least in the English speaking world) until the synthesis of evolutionary theory and genetics undertaken by J. B. S. Haldane, R. A. Fisher, and Sewall Wright.

In the mid-to-late 1970s, the scholarship on Darwin changed decidedly. Historians began making pilgrimages to Cambridge, where the huge trove of unpublished manuscripts and letters lay buried beneath vague catalogue titles (e.g., in the “Black Box”). Historians looked first to the material pertaining to the young Darwin and the formulation of his fundamental ideas. Here was empirical work that would help settle, among other questions, Darwin’s originality. Howard Gruber used Darwin’s early notebooks, especially those devoted to questions of human evolution, to uncover the particular nature of Darwin’s genius. Gruber’s Darwin on Man (1974) brought Piagetian psychology to the reconstruction of Darwin’s theory of species change and, most interestingly, the evolution of human moral and intellectual traits. Gruber conceived the field of Darwin’s genius not flashing with the brilliance that Huxley manifested, but more as a landscape slowly evolving, one in which underground forces inexorably push up towering mountains with dramatic vistas. Indeed, not Piagetian stages but Lyellian gradualism served as the implicit model.

  
Edward Manier also sustained claims to Darwin’s inventiveness, but in relation to another stratum of thought, the philosophical. Manier explored Darwin’s ‘virtual’ interactions with a  group of social, political, and philosophical writers whom he dubbed  Darwin’s “cultural circle.” The Young Darwin and His Cultural Circle (1978) depicted Darwin in dialogue, via reading their books and papers, with the likes of Charles Lyell, Jean-Baptiste de Lamarck, James Mackintosh, William Whewell, Thomas Malthus, David Hume, Dugal Stewart, and other writers of somewhat more narrow fame. The young, philosophically curious naturalist held up his end of the conversation by annotating their books and jotting reactions in his own notebooks. Manier, in using this archival material, argued that Darwin’s creativity lay both in slowly formulating synthetic notions out of the metaphysical and ethical ideas of his circle, and in the ways he wove those notions through his biological theories. These philosophical threads, as Manier perceptively observed, were not fashioned from brittle materialism and mechanism, but from a more supple Scottish realism and Wordsworthian romanticism. Moreover, the argumentative structure of Darwin’s early evolutionary theory could hardly be called hypothetico-deductive, since virtually nothing of the theory could be tested in the way that scheme demanded. Manier offered an important corrective to the accounts of those historians and philosophers reading Darwin’s ideas off the surface of the Origin of Species.

During this same period of the 1970s, two other historians, whose arguments would set the agenda for much of the scholarship of the immediately following years, also made generous and insightful use of the unpublished papers and letters. These were David Kohn and Dov Ospovat.   Kohn argued in his “Theories to Work By” (1980) that Darwin inched his way to natural selection through a variety of hypotheses for the production of transformations, each of which he tried out for a while and then dropped into his toolbox of auxiliary aids. Darwin’s work on these initial hypotheses, according to Kohn, prepared him to see the significance of Malthus's observation about the tremendous reproductive capacities of organisms, namely: that with many more organisms produced than could survive, those having by chance some advantage within their particular environments would, in competition with others, be more likely to reach reproductive age and pass on their advantageous traits, which had gradually to transform species.

Dov Ospovat, in his Development of Darwin's Theory (1981), constructed and judiciously sustained an important thesis regarding Darwin’s development. He maintained that Darwin, through his early notebooks and essays (1837 to 1844), retained an assumption from his days as a student of William Paley. Paley and other natural theologians had held that biological adaptions were perfect, since authored by the all-perfect Creator. Darwin, as Ospovat pictured him, simply substituted evolutionary processes for the hand of the divine, but still thought of the products as being perfect. During the early 1850s, though, Darwin began to adjust his theory, finally giving up the idea of perfect adaptations. Manier, Kohn, and Ospovat indicated by their histories what real advantage could be gained in understanding the origins and significance of Darwin’s thought by examining the unpublished papers and letters.

Just as the anniversary of the Origin of Species stimulated the first wave of Darwinian scholarship, so the anniversary of Darwin’s death produced a second, but more historiographically forceful response. The build up began in 1982 with a conference at the Florence Center for the History and Philosophy of Science, and crested with a publication of the papers (plus many more added), which Kohn edited. Virtually all the major Darwinian scholars of the time made contributions to the Darwinian Heritage (1985). The volume set many of the questions for subsequent studies, not only in history of evolutionary theory but in its philosophy as well. Gruber and Silvan Schweber depicted  the immediate and wider context of Darwin’s theorizing; Phillip Sloan examined Darwin’s very early work on invertebrates, with telling results; Frank Sulloway subjected Darwin’s Beagle writings to the kind of statistical content-analysis that would later prove an obsession for him; Kohn and Jonathan Hodge focused on the notebooks and pieced together the immediate origins of the theory; and Malcolm Kottler followed the debates between Darwin and Wallace over the origin of inter-species sterility and the nature of sexual selection. Peter Bowler, Paul Weindling, and others provided comparative analyses of the reception of Darwinism in different national cultures. The more philosophical aspects of Darwin’s ideas were considered by John Beatty, Elliott Sober, and David Hull. Finally, Kottler constructed a comprehensive bibliography of books and articles. The book demonstrated to the larger community how history of science might become more deeply satisfying—for the historian, almost sanctifying—when augmented by hard archival work. It became one of the great products of the “Darwin industry,” which has been belching smoke ever since.

Not every historian of Darwinism has the sooty look of a laborer in the archives. Peter Bowler has kept his Irish tweeds neat, confining his efforts to published works. He must, though, be reckoned one of the captains of the Darwin industry, so great has been his output and influence. He has probably devoted more pages than any other historian to the reconstruction of Darwin’s theory and the theories of the many other evolutionists writing in the wake of the Origin of Species. In Evolution, the History of an Idea (1984), The Eclipse of Darwinism (1983), The Non-Darwinian Revolution (1988)—and still other books—Bowler has brought to his reconstructions a particular thesis, which he shares with Ruse, Gould, and Mayr. He has insisted that natural selection forms the essence of Darwinism.
 Thus we should not mistake, for example, Haeckel’s work as furthering the Darwinian revolution, since it gave minimal attention to natural selection. Bowler is quite convinced that Haeckel’s use of Lamarckian notions, his progressivism, and his theory of recapitulation completely separated his biology from Darwin’s.  This tendency among historians like Bowler (as well as Ruse and Gould) to distance Haeckel from the Darwinian tradition lies, I suspect, more in Haeckel’s perceived connections with the Nazis than with the theoretical markers of Lamarckism, progressivism, and recapitulation. I have argued in The Meaning of Evolution (1992) that the heart of Darwin’s theory, from its inception through its mature development, beat precisely to progressivist and recapitulationist rhythms. It is less controversial to observe, though not often remarked, that Darwin always allowed for acquired characteristics to be inherited and to serve as traits upon which natural selection might operate. Bowler’s interesting and wide ranging studies have, by contrast, striven to preserve Darwin as an authentic scientist (by our lights), one untainted with the kind of scientific and moral corruptions of someone like Haeckel.

Darwin, unique among figures in the history of nineteenth-century science, has drawn scientists to the history of their discipline. The best-known of those so drawn is Steven Jay Gould, who started writing on the history of biology during the early 1970s. At that time, his succulently readable essays began appearing in the Natural History Magazine and have been subsequently collected in a number of plump little volumes, beginning with Ever Since Darwin (1977a) and trailing off into books bearing rather more kitschy titles: The Flamingo’s Smile (1985), Bully for Brontosaurus (1991), Eight Little Piggies (1993), Dinosaur in a Haystack (1995), and Leonardo’s Mountain of Clams and the Diet of Worms (1999). Gould has been prodigiously productive, authoring these and many other books dealing with aspects of the history of evolution, genetics, and geology, including: Ontogeny and Phylogeny (1977b), The Mismeasure of Man (1980), Time’s Arrow, Time’s Cycle (1987), and Wonderful Life (1989). In all of these, Gould has usually found a fascinating hook that quickly lands the reader. And while professional historians might occasionally cavil at some of his claims, they are undoubtedly the  benefactors of the large readership he has cultivated for the history of biology. Gould writes, as he himself has frequently avowed, as a Marxist historian. His Marxism, though, is decently attired in a J. Press work shirt. He exposes the ideological taints—usually racial and class biases—that tincture a good deal of nineteenth- and twentieth-century biology; but he knows that good science, at its heart, remains pure. From his historical analyses, he catalogues (rather often) what he takes to be the lessons of evolutionary history, namely: that evolution is contingent and non-progressive; that human beings form one species; that we should not assume given traits have arisen as specific adaptations; and that, consequently, human mental activity betrays no lingering inclinations, acquired from our Pleistocene ancestors, toward specific behaviors. Ironically, such a list of purity rules would cast Darwin himself from the ranks of the saved.

Ghiselin, Mayr, Ruse, Bowler, and Gould represent one strong interpretative wing of Darwinian studies. In their hands Darwin’s theory has been molded to late twentieth-century specifications. They implicitly regard scientific theories as abstract entities that can be differently instantiated in the nineteenth century or today, while exhibiting the same essential features. For instance, Ruse, Bowler, and Gould have consistently interpreted Darwin’s theory as having a logic and evidentiary base that renders evolutionary progress impossible. Lamarckians and Spencerians might have fabricated theories of progressive evolution (which sanctioned racist ideologies), but Darwin, they believe, rejected the idea of biological progress—or at least his theory did. Darwin the historical individual might actually have succumbed to the idea of progress, but somehow he constructed a theory that remained scientifically pure—that is, as pure as we like them today. By separating Darwin’s actual words and logic, as expressed in the Origin of Species and the Descent of Man, from the theory as an abstract entity, these writers have attempted to keep the essences of Darwinism inviolate, free from what they take to be non-scientific corruption.

Another wing of Darwinian scholarship, the left wing, has understood Darwinian theory, as well as earlier and later evolutionary constructions, to be saturated with social and political features, stains that sink right to the core of Darwin’s thought.
 This is actually a quite traditional way to understand Darwinism. In the 1920s, Erik Nordenskiöld argued, in his comprehensive History of Biology, that Darwin’s romantic conceptions had been scientifically refuted long ago, even though they retained cultural momentum. Political liberalism, he urged, had initially given evolutionary theory its push: “From the beginning Darwin’s theory was an obvious ally to liberalism; it was at once a means of elevating the doctrine of free competition, which has been one of the most vital corner-stones of the movement of progress, to the rank of natural law, and similarly the leading principle of liberalism, progress, was confirmed by the new theory.”
 This political interpretation of evolutionary theory has been sustained more recently by such historians as Robert Young and Adrian Desmond. Young began publishing a series of essays in the late 1960s and continued through the early 1980s. These essays attempted to place the development of Darwin’s ideas, as well as those of Spencer and other early evolutionists, in a common intellectual and social context. The earlier of these essays, several of which he collected in Darwin’s Metaphor (1985a), pulled from a variety of printed sources—the Westminster Review, the Edinburgh Review, the Quarterly Review, and other Victorian periodicals, as well as from monographs in political economy and social theory. These essays were measured and convincing, complex and insightful, unlike Young’s later essays, which sometimes became mired in a creed that removed them from the category of history to that of polemic. In an essay published in the Darwinian Heritage (1985), Young urged that 

once it is granted natural and theological conceptions are, in significant ways, projections of social ones, then important aspects of all of the Darwinian debate are social ones, and the distinction between Darwinism and Social Darwinism is one of level and scope, not of what is social and what is asocial. . . . The point I’m making is that biological ideas have to be seen as constituted by, evoked by, and following an agenda set by, larger social forces that determine the tempo, the mode, the mood, and the meaning of nature.

If biological theory has its fundamental meanings determined by social beliefs, by ideology, then the question becomes which ideology do you prefer, not which theory is the most coherent and has the most evidence. Young became fully persuaded that recent applications of evolutionary theory to explore animal and human social traits, especially in the work of sociobiologists, were driven by a pernicious ideology; his later essays fire the claxon to sound the appropriate warnings. Despite the polemical cast of Young’s recent work (or maybe because of it), he remains a thinker of power and urgency.

Adrian Desmond shared Young’s sense of the interpenetration of the social and the scientific, and portrayed that sense in a series of monographs written with verve and panache. In Archetypes and Ancestors (1985), he examined the Huxley-Owen debates, detecting beneath the scientific surface, scared as it was by considerable acrimony, an ideological divide separating the rising professionals of strong materialistic bent from the establishment and church-supported idealists. Desmond continued his digging into the substructure of scientific debate in The Politics of Evolution (1989), which attempted to show how radical reformers in the London medical scene, during the early part of the century, had embraced evolutionary theory as part of an effort to overcome the elite political and scientific hegemony of orthodox institutions, such as the Royal College of Surgeons. He argued that this context made Darwin hesitate to publish a theory that had been associated with “dissenting or atheistic lowlife, with activists campaigning against the fornicating Church, with teachers in court for their politics, with men who despised the political archbishops and their corporation toads.” Desmond imagined that Darwin, who sought to articulate “a Malthusian science for the rising industrial-professional middle classes,” was frozen with political fear.
 And so Darwin hesitated to publish his work for some twenty years. Desmond and Young thus interpreted evolutionary science as deriving its force and danger from the political message ticking away in the carved hollow of its theory.

After the Darwin Centennial, interest spilled over—though only slightly—to other evolutionists, especially to his predecessor Jean-Baptise de Lamarck. Lamarck had been pictured either as merely a precursor of Darwin or as one whose theory of evolution, in the words of Charles Coulston Gillispie, “belongs to the contracting and self-defeating history of subjective science.”
  Richard Burkhardt rectified these contorted approaches by a thorough-going contextualization of Lamarck's thought in his The Spirit of System: Lamarck and Evolutionary Biology (1977). Burkhardt showed how Lamarck’s evolutionary ideas fit into his other concerns, in physics, chemistry, meteorology, and geology. By the standards of his time, Lamarck proved no more subjective in his science than his opponents. Burkhardt set a high standard for other historians—he had consulted the important archives, he wrote clearly and forcefully, and he was interested in Lamarck’s theory for its own sake, judging it by relevant criteria. He also sought to answer the historian’s usual kind of question: How did Lamarck arrive at his evolutionary theory? Answer: as a conchologist aware of the similarities between fossil shells and those of living species, and as a geologist seeking to avoid Cuverian theories of geological catastrophe and animal extinction, he sought refuge in the idea of a gradual mutability of species over long periods of time. Pietro Corsi, in his finely wrought The Age of Lamarck: Evolutionary Theories in France, 1790-1830 (1989) broadened the contextualizing of Lamarck’s theory by considering in detail those ideas of his antagonists (e.g., Cuvier) and friendly associates (e.g., Geoffroy Saint-Hilaire and Bory de Saint-Vincent).  In the new edition of his book, Lamarck. Genèse et enjeux du transformisme, 1770-1830 (2001), Corsi adds lists of students who attended Lamarck’s lectures and includes extracts from his notebooks—a considerable resource for those interested in transformation theory before Darwin.

My own study of Darwinism—Darwin and the Emergence of Evolutionary Theories of Mind and Behavior (1987)—initially focused on the impact of evolutionary considerations on the understanding of psychological life, from animal instinct to human mind and moral behavior. I examined Darwin’s evolutionary constructions of instinct, mind, and morality, and then traced their operations in the works of a range of biologists and psychologists—Herbert Spencer, George Romanes, Conwy Lloyd Morgan, James Mark Baldwin, and William James, through to John B. Watson, Konrad Lorenz, and Edward O. Wilson. I believed  the earlier studies of Young and Desmond, which certainly made vividly compelling reading, to be shackled to the a priori conviction that science must be a surrogate for politics and social philosophy. I attempted what I thought a more empirical strategy, focusing on individual scientists—their education, experience, and psychological dispositions—to discover whence their scientific theories emerged and what the several forces that shaped their thought might be. And the forces were usually multiple, with, perhaps, a more powerful impetus now coming from the political side, now from the philosophical, now from the religious, and always against the inertia of the scientific. Desmond and Young usually examined the external context of ideas first and then moved inward to characterize the mind of the scientist. And since they began with the a priori assumption that the political-social context was the most important, they came easily to regard the science as stuck in politics like a fly in molasses—and they themselves had a great taste for molasses. If one began, however, with the individual mind first, working out the formative experiences, examining the books read, assessing the interests that moved the soul, then one might more adequately determine what features of the external environment had the most purchase on the scientist. Darwin may have grown up in a political and social context of individualistic utilitarianism, but his biology of moral behavior turned out to be authentically altruistic and expressly anti-utilitarian. One simply could not predict in advance what the most powerful forces shaping the science might be. By focusing on the application of biological theory to mind and behavior, many of those various currents could be seen welling to large and more identifiable proportions.

3. Social Darwinism and Evolutionary Ethics
The rise of sociobiology, following in the turmoil created by Edward O. Wilson’s Sociobiology (1975), had undoubtedly served as stimulus for many of the new books devoted to social-Darwinism, especially in the different national contexts of Britain, France, Germany, and America.
 The connection between Darwinismus and Nazism has often been served up as a cautionary tale, with Haeckel as the favorite target for making the moral explicit. In recent works, Haeckel has been frequently indicted for the supposed transmutation of evolutionary theory into something quite sinister. Jürgen Sandmann’s Der Bruch mit der humanitären Tradition (1990) argues that Darwin’s and Haeckel’s biologizing of ethics, grounding ethical behavior in animal instinct, had undermined the philosophical presumption that human beings were capable of moral, free choice. This naturalizing of the ethical bond had the effect, so Sandmann believes, of justifying the racial-hygienic measures of the Third Reich. The historical inquisition of Haeckel began with Daniel Gasman’s Scientific Origins of National Socialism in 1971. Gould echoed Gasman’s argument in Ontogeny and Phylogeny (1977), and Gasman himself reprised it in his Haeckel’s Monism and the Birth of Fascist Ideology (1998). Haeckel and the rise of Nazi biology have received much more nuanced, complex, and ultimately more satisfying treatment in Paul Weindling’s very comprehensive and extensively documented study Health, Race and German Politics between National Unification and Nazism, 1870-1945. Weindling can find traces of Haeckelian monism both in the thought of Nazi biologists and in their opponents. He points out, for instance, that it was precisely the more scientifically grounded ethics of Haeckel that gave comfort to those Weimar physicians who espoused greater sexual freedom for women and homosexuals. Nazi theories of racial hygiene had many more sources than Haeckel, whose views could be recruited by conservatives and liberals alike.

The historical interpretation of evolutionary theory in a hard political and moral light, with Haeckel garishly illuminated, raises three questions authors like Sandmann, Gasman, and Gould usually do not tackle. First, since Haeckel died in 1919, in what sense can the rise of Nazi science be morally attributed to him? Second, and more generally, by what historiographic and moral criteria can we assign guilt to historical figures? And finally, did the very structure of evolutionary theory lead to reasonable expectations of considerable differences in character among human groups? Virtually every nineteenth-century biologist harbored, by our twenty-first-century lights, racist beliefs. In the cases of a Darwin, Spencer, and Haeckel, one has to ask what were the standards of their time and place, and how deviant—if at all—were their opinions? This does not settle the question, of course, since whole groups can indulge in immoral behavior. We must further ask, could the scientists have believed differently, or was the presumption of the inferiority of other ethnic groups too entrenched to be reasonably overcome? Since virtually every evolutionist of the last century (and well into ours) conceived evolutionary theory as charting a progressive development of creatures, the establishment of racial hierarchies among humans seems hardly surprising or morally indictable. The judgment about the moral deficiencies of nineteenth-century scientists like Spencer or Haeckel has come, in the books just mentioned, much too swiftly and unproblematically.

The broader ethical implications of evolutionary theory (beyond the preoccupation with Nazi appropriations) have received renewed attention both from philosophers and historians. From the historical side two books corner the market: Paul Farber’s The Temptations of Evolutionary Ethics (1994); and the collection Biology and the Foundation of Ethics (1999), edited by Jane Maienschein and Michael Ruse. Farber examines theories of evolutionary ethics, its promoters and critics, from Darwin, Spencer, and Huxley through John Dewey, Julian Huxley, and C. H. Waddington. He contends that the various efforts at constructing an evolutionary ethics (including the contemporary work of. Wilson, Ruse, Richard Alexander, and myself) have suffered from over-simplification and a lack of rational justification for the values that evolution might promote—in short, that the proponents commit the supposed naturalistic fallacy. But what Farber and other critics fail to come to terms with is that human beings are natural and that, consequently, their modes of action must also be natural. We are not denigrated by the recognition of our status as biological creatures. Our biology is, rather, elevated by that recognition.

The unique collection by Maienschein and Ruse (1999) contains historical essays by some dozen authors, who direct their efforts at the biological ethics of: Aristotle, the British moralists, Lamarck, Darwin, German Naturphilosophen, Friedrich Nietzsche, Julian Huxley, George Gaylord Simpson, early twentieth-century geneticists, Nazi biologists, and several contemporary bio-philosophers. The collection, of course, lacks the unity of Farber’s monograph, but the several authors treat their respective materials in much greater philosophical and historical depth. 

4.  Biology and Religion

The relationship between science and religion has been glossed almost entirely in terms of the reaction to and accommodation of religious sects and individuals to evolutionary theory.
 Prior to Darwin’s Origin, a biological scientist did not need to segregate his religious beliefs from his scientific. The biologists of the early nineteenth century, particularly in England and France, could admire in organisms the intricate handiwork of the Creator. In Germany, though, the transformation of God into nature had been gaining apace, especially in the work of the Romantics and Goethe, both of whom found philosophic refuge in Spinoza’s formula Deus sive Natura. Darwin himself became a legatee of this identification, as I will mention in more detail below. The publication of the Origin, however, radically altered the comity achieved between science and religion in the early part of the century. The first wave of reaction followed immediately on the book’s appearance. Though, by Darwin’s death in 1882, various kinds of reconciliation had been made on both sides. The second wave—this of gigantic proportions—swelled as the result of the polemical cast of Haeckel’s books and essays in popular science. At every turn, he spiked the tentacles of organized religion, which he saw slithering up from Rome and out of the churches of northern Germany, threatening to strangle empirical science and liberal government. He preached the sheer incompatibility of religious superstition and scientific reason. The public conflict between science and religion, which still echoes loudly in our day, can be attributed, in large measure to the volcanic impact of Haeckel.

To understand the nature of the antagonism, one can do hardly better than to consult a scholarly work written at the end of the nineteenth century, Allen Dixon White’s two-volume A History of the Warfare of Science with Theology in Christendom ([1895] 1955). White’s first chapter of this broad ranging book (from ancient religions, to Galileo, to German form criticism) sketches out the principal conflict: that between a dogmatic interpretation of scripture and a scientific interpretation of life. “Darwin’s Origin of Speces,” he wrote, “had come into the theological world like a plough into an ant-hill. Everywhere those thus rudely awakened from their old comfort and repose had swarmed forth angry and confused.”
 White’s solution to the conflict was simply that theologians had to abandon a literal interpretation of scripture, since the truth of evolutionary theory had been well-established by Darwin and Haeckel. Historians who have subsequently written on the relationship of religion to biology in the nineteenth century have refrained from making such recommendations explicitly, though their own religious beliefs have colored their accounts, sometimes in marked ways.

Neil Gillespie was the first to devote a monograph, Charles Darwin and the Problem of Creation (1979), to examining the theological context of the Origin and the trajectory of Darwin’s own religious beliefs. Though he spoke the new language of Thomas Kuhn and Michel Foucault, Gillespie’s conclusions had already been broached in the literature: during the Beagle voyage, Darwin had given up special creation as incompatible with the new positivistic approach to nature that he had come to endorse under the influence of Lyell; he yet retained a casual Deism, according to which God had established universal laws that fully accounted for all natural occurrences. Darwin’s own belief in Christianity had, as he himself admitted in his autobiography, slowly slipped away—and, it seems, without causing any of the psychological trauma that beset other eminent Victorians.
 Gillispie thus has Darwin retaining theism—albeit greatly attenuated in later life—while giving up dogmatic religion altogether. This general picture has not changed in more recent literature, though now most would take Darwin at his word in the Autobiography (1958) when he averred that Huxley’s term “agnostic” best suited him.
 What is missing from Gillespie, and most other literature on Darwin, however, is a careful examination of the way in which various arguments and conceits in the Origin had been molded by deeply embedded habits of thought developed in his reading of the natural theological literature, and the way in which the Romantic conception of nature came to reside in the Origin of Species and Descent of Man (1871).

Most of the literature on science and religion has focused on the impact of Darwinian theory on Protestants—the effects wrought on Catholics have been merely touched on, while Jews have been almost entirely neglected.
 John Greene, in the wake of the Origin anniversary, published three lectures—Darwin and the Modern World View (1961)—in which he lightly sketched the reaction to Darwinism of scripture scholars and those theologians still working in a natural theological tradition. James Moore, in much greater depth, describes the different ways mainline Protestant thinkers in Britain and American came to terms with Darwinism. His Post-Darwinian Controversies (1979) defends the novel proposition that the more religiously orthodox individuals could adjust to Darwin’s theory, since their views were more consonant with those of the Darwin who once studied for the ministry, while the more liberal thinkers were likely to succumb to non-Darwinian evolutionary theory. This latter group, according to Moore, had so identified nature and nature’s God that any mechanical explanation of the sort Darwin proposed simply could not work. Moore uses some cognitive-dissonance theory to argue his thesis, which in several instances produces that very phenomenon in the reader. Nontheless, he offers the most probing analysis extant of British Protestant accommodations to Darwinism. Jon Roberts focuses on the American Protestant reaction, without attempting to sustain any over-arching thesis (and remaining absolutely mute about Moore’s position—indeed, strangely not even mentioning him in a book that makes extensive use of the secondary literature). His Darwin and the Divine in America (1988) is stronger than Moore’s on the theological niceties, but simply classifies all evolutionists as more or less Darwinians. Roberts recognizes that not all evolutionary thinkers might so casually be classified, but claims his theologians were not all that careful either. Together, Moore’s and Roberts’s books provide a detailed examination of British and American Protestant reactions to evolutionary theory. What is yet wanting, though, are sustained examinations of Catholic and Jewish reactions.

5.  Biology and Literature
Some scholars have found the literary values of Darwin’s writings as compelling as its moral, political, and theological values. The literary interest in Darwin—and he is virtually the only nineteenth-century scientific figure, save Freud, to attract more than passing attention—forms part of a larger concern, expressed during the last two decades, to examine the rhetoric of science.
 Literary critics like Gillian Beer and George Levine move easily from Dicken’s Bleak House and Eliot’s Silas Marner to Darwin’s Origin of Species. Beer and Levine in particular have opened up Darwin’s texts for the kind of examination not previously considered by historians more attentive to the surface logic and evidentiary support for evolutionary theory. Beer’s Darwin’s Plots (1983) and Levine’s Darwin and the Novelists (1988) explore in some fine detail the metaphorical structure of the Origin, as well as the resonance of Darwin’s ideas in the fiction of George Eliot, Charles Dickens, and other Victorian writers. Investigations of this sort, when done well, do reveal more of the deep structure of Darwin’s thought than might be supposed. Beer and Levine, though, have written as literary critics more than as literary historians. What is missing from their work is an effort to trace back a metaphor, a turn of phrase, or an imaginative trope to Darwin’s notebooks, essays, and letters, in order to catch these figures as they first emerge. To attempt simply to locate Darwin’s language within, say, the scope of the Origin of Species, does not fully illuminate the deeper meaning his particular linguistic configurations convey. An archeology of Darwin’s texts is required. When, for example, describing the operations of natural selection in the Origin, Darwin freights his tropes with moral implications that were formed in his early essays, implications that have become sedimented in the deep structure of the Origin. Tracing back the metaphor of the “selector” to its source in those early essays reveals, for instance, that Darwin originally pictured nature as a being that acts intelligently and with moral concern for her creatures. This is a nature that first made appearance in Darwin’s Journal of Researches of H.M.S. Beagle ([1839] 1952), which took its model largely from Humboldt’s Travels to the Equinoctical Regions of the New Continent. Recognition of these connections must readjust the usual understanding, which portrays Darwinian nature as mechanical and intrinsically devoid of moral and aesthetic value.

Helmut Müller-Sievers has intentions similar to those of Beer and Levine, but orchestrates his study with a bit of a twist and a post-modern beat. Instead of examining the metaphors in a biological text, he investigates the impact of a biological idea—that of epigenesist—as it has been used metaphorically in texts of philosophy and literature. His Self-Generation: Biology, Philosophy, and Literature Around 1800 (1997) is loosely historical, but falls more within the genre of critical theory, the assumptions and approaches of which often make historians queasy. Müller-Sievers, however, knows rather well the history of the concept of epigenesis (i.e., the idea that the fetus begins in a homogeneous state and gradually achieves more articulate structure). And he is at home in the philosophical works of Kant, Fichte, and Schelling, his main concerns.  His remarks, consequently, illuminate some of the darker areas in the philosophy of the period, where the metaphor of epigenesis had been lurking. Shadows lengthen, however, when he uses the flickering candle of epigenesis to explore the literature of Goethe and Beaumarchais. Despite liabilities, the literary and philosophical investigations of Beer, Levine, and Müller-Sievers do provoke the historian to expand the horizons of more traditional history of science. And they frequently write with an imaginative verve that accelerates their ideas quickly past those concepts slogging in the diligent prose of most historians.

6.  Morphology and Romantic Biology
The impetus provided by evolutionary studies has carried with it associated areas of history of biology. Morphology as a science of animal form came to birth at about the same time as fully articulated descent theories. Goethe initiated the study of underlying structures of plants and animals, and gave currency to the name Morphologie.
 Many subsequent researchers moved Goethe’s studies forward (often along divergent paths) during the early part of the nineteenth century, such naturalists as Karl Burdach, Karl Kielmeyer, George Cuvier, Karl Ernst von Baer, Carl Gustav Carus, Lorenz Oken, Louis Agassiz, and Richard Owen. Later in the century, Darwin, with only dim awareness of their origin, and Haeckel, with devotional recognition of their author, turned Goethe’s morphological ideas about unity of type to evolutionary advantage. The most powerful general study of these many individuals is still E. S. Russell’s classic Form and Function: A Contribution to the History of Animal Morphology ([1916] 1982). Russell—familiar with a wide range of literature, especially in nineteenth-century German and French periodicals—reconstructed the extensive debates among zoologists as to the relative importance of form versus function in understanding the design of animals. The cardinal dispute can be simply put: Did form determined function or function form? Russell himself sided with those who favored function. Like Cuvier, he thought function held the key to the shape and arrangement of animal parts. He regarded as insufficient the morphological theories of the evolutionists, who also sought, of course, to explain the character of structures as the result of function. According to Russell, Darwin did not understand Cuvier’s dynamic view of the correlation of parts, and Haeckel focused on homologies to construct dubious phylogenetic systems. These were the views of a late nineteenth century biologist not fully adjusted to the new evolutionary dispensation; Russell’s deeply learned analyses, nonetheless, provide a wealth of insights into the literature of nineteenth-century morphology.

Recent historiography has accord the most attention to Cuvier, von Baer, and Owen. William Coleman (1964) and Dorinda Outram (1984) have composed brief intellectual biographies of Cuvier, while Toby Apel has adroitly traced the confrontation between Cuvier and Geoffroy St.-Hilaire in her multifaceted and culturally rich Cuvier-Geoffroy Debate (1984). Karl Kielmeyer, who had a significant influence on diverse thinkers from Schelling to Goethe, yet wrote little in his lifetime, and has enjoyed only passing attention since. Kai Torsten Kanz, however, has done much to alleviate this historical need with his facsimile reproduction of and introduction to Kielmeyer’s most famous Rede, his Ueber die Verhältnisse der organischen Kräfte ([1795] 1993) as well as with his edited collection on Kielmeyer, Philosophie des organischen in der Goethezeit (1994).
 Carus and Oken have yet to find extensive treatment in recent historical literature.
 Agassiz and Owen, though, have been well served, respectively, in Mary Winsor’s Reading the Shape of Nature (1991) and  Nicolaas Rupke’s Richard Owen: Victorian Naturalist (1994). Winsor details the morphological views of Agassiz in the first part of her book, and then, with more enthusiasm, turns to his founding of the Museum of Comparative Zoology at Harvard and its fate in the latter part of the century. Rupke competently situates Owen within the social, political, and institutional contexts of mid-nineteenth century Britain. Philip Rehbock’s Philosophical Naturalists (1983) sketches the theories of several of Owen’s contemporaries, who espoused a British version of transcendentalism: e.g., Robert Knox, Martin Barry, William Carpenter, and Edward Forbes (all also vividly discussed in Desmond’s The Politics of Evolution).

Von Baer became a  major theoretical force in both German and British morphology in the first half of the century, and his work forms the focal point of Timothy Lenoir’s often cited monograph The Strategy of Life ([1982] 1989). Lenoir maintains that several early nineteenth-century German morphologists and physiologists—Reil, Keilmeyer, Johann Friedrich Blumenbach, Johann Friedrich Meckel, Friedrich Tiedemann, and particularly von Baer—had adopted Kant’s principle of teleo-mechanism. According to Kant, any proper explanation in science must employ only mechanical and mathematical laws. Yet he admitted that human understanding ineluctably had to construe biological organisms teleologically, that is, as if they had been intelligently constructed according to a plan. But in Kant’s view, this teleological assumption could only be a heuristic principle of method, not a constitutive principle of natural operation. Hence teleological notions could only be used methodologically, never determinatively. Lenoir argues that the aforementioned German biologists endorsed Kant’s proposal, since it allowed them to explore organisms teleologically, without stepping into the muck of Romantic Naturphilosophie, which rather mystically attributed final causes to nature herself. Lenoir’s interpretation of early German biology has found acceptance with several authors writing on this period—e.g., James Larson in his Interpreting Nature (1994). Lenoir’s thesis, though, tacitly assumes that the zoologists just mentioned both clearly understood Kant’s Critical philosophy and acquiesced in its chief conclusion, namely that study of organic nature, which necessarily depended on teleological considerations, could not become authentic science (Naturwissenschaft). This seems to me an unwarranted assumption on both counts. A careful examination of the thinkers in question leads, I believe, to a very different conclusion, namely that they understood nature to be teleologically structured intrinsically and that they believed their approaches to biology met the criteria of Naturwissenschaft.

A steadier view of German morphology of the early nineteenth century would detect, if one look in the right direction, its umbilical connections to the Romantic Movement. The work of such thinkers as Reil, Kielmeyer, Burdach, Oken, Humboldt, and even Johannes Mueller have filial ties to Naturphilosophie, which historians are now recovering.
 Like Lenoir, Mayr also rejects the possibility of any formative impact of Romantic Naturphilosophie on the main currents of nineteenth-century  biology. He regards the work of the central scientific figures of the movement, Schelling and Oken, as “fantastic if not ludicrous.”
 This, however, is the judgment of a twentieth-century biologist rather than a sympathetic historian of the nineteenth century. The time is ripe for a revaluation of the relationship of Romantic Naturphilosophie to the main currents of nineteenth-century biology.

Lynn Nyhart and Peter Bowler have each authored excellent histories that treat of morphology in the last half of the nineteenth century.
 In her Biology Takes Form (1995), Nyhart traces the development of German morphology, especially Carl Gegenbaur’s and Ernst Haeckel’s evolutionary applications of the discipline, against the background of its shifting place within the German university system. She provides the deepest analysis of Gegenbaur’s science now available, situating that science with the work of Haeckel during their years together at Jena. Nyhart makes extensive use of archival documentation to get a more exact profile of the university context of morphology. Entrance to the archives has become the rite of passage for younger historians of science, who, as is the case with Nyhart, are being trained almost exclusively now in history departments instead of philosophy or science departments. Of comparable value is Bowler’s comprehensive study of morphology in late Victorian England, Life’s Splendid Drama (1998). Bowler has not, typically, sullied his hands with crumbling archival documents, but he has read extensively and intelligently in the published literature. In his earlier books, he contended that Darwinian thought, just after Darwin’s death, had been eclipsed by non-Darwinian evolutionary schemes (i.e., those that eliminated or greatly reduced the role of natural selection) and that it only reemerged with the Modern Synthesis of the 1930s and 1940s. But with Life’s Splendid Drama, he rejects this earlier picture. His research has now convinced him that evolutionary morphology, with its concern to establish systematic genealogies, preoccupied Darwinians at the turn of the century and that this work also established the ground for the Synthesis to come. The force of Bowler’s analyses—which spreads over the work of biologists like Darwin, Thomas Henry Huxley, Francis Balfour, Edward Drinker Cope, Henry Fairfield Osborn, E. Ray Lankester, Anton Dohrn, and Haeckel—shake the supports of Ruse’s contrasting thesis that evolutionary studies did not become “professionalized” until the 1930s and 1940s.

7.  Neurophysiology
Neurophysiology in the nineteenth century advanced rapidly as dissectional research, aided by developments of cell theory and ever better microscopes, joined with animal experimentation and human clinical observation. At the beginning of the century hypotheses about nerve conduction via electrical fluid (stemming from the researches of Luigi Galvani and Alessandro Volta) produced tremendous excitement,
 leading Alexander von Humboldt to undertake extensive electro-neural experiments, many done on his own body, with attendant puffs of burning flesh.
 Attempts to derive a functional understanding of the central nervous system received impetus from the phrenological ideas of Franz Joseph Gall, who sought to locate psychological and behavioral traits in specific areas of the brain. The assumption of cerebral localization of sensory and motor functions became a dominate theme of neurophysiological investigations throughout the century. After mid-century, evolutionary theory suggested how specific brain regions acquired their functions.

The history of brain research has received some attention in the recent historical literature, though still the best study may be Robert Young’s Mind, Brain, and Adaptation in the Nineteenth Century, which first appeared in 1969. Young traced the debates about cerebral localization from Gall, Pierre Flourens, Johannes Müller, and Alexander Bain through to Pierre Paul Broca, Herbert Spencer, Huglings Jackson, Gustav Fritsch, Eduard Hitzig, and David Ferrier. Young did not attempt to locate his actors very deeply within their cultural context, but he did lay out their views in a straightforward, confident way. He took each of his subjects  through their major works on the brain and related their views to one another. His approach to individual thinkers can be contrasted to that of Edwin Clarke and L. S. Jacyna in their Nineteenth-Century Origins of Neuroscientific Concepts (1987). They organize their history thematically, with chapters on the cerebrospinal axis, the nerve cell, the reflex, nerve function, brain function, and the peripheral nervous system. The authors have no particular thesis and treat these subjects as if they drifted over from some medical  text-book on brain anatomy and physiology. Within each chapter the authors skip the light fantastic through numerous scientific ideas and approaches, yielding a volume rich in detail and mind-numbing when taken at a stretch. Scientists’ names attached to bundles of ideas, but they fall quickly loose from memory.

Michael Hagner’s Homo Cerebralis: Der Wandel vom Seelenorgan zum Gehirn (1997) at first appears an uncertain compromise between Young’s book, which devoted separate chapters to each of the major figures, and Clark and Jacyna’s, which fractionates the works of individuals, sprinkling the remains over a medley of topics. In Hagner’s book, Gall, Reil, and Thomas Soemmerring receive extensive consideration, but chapters on Romantic Naturphilosophie, aphasia, and electrophysiology (among other subjects) seem to orchestrate a cacophonous history, or at least one in which the organizing categories change from individuals to a random range of other entities. What saves the book—and, indeed, makes a powerful impression—is the strong theme that unites the disparate areas. Hagner has historically traced the dramatic changes in the way philosophers, psychologists, and anatomists have conceived of the brain from the early modern period through the mid-nineteenth century. The transition is from a theory of the brain that made it the organ or instrument of the soul to one in which the functions assigned to the soul became inscribed in the brain. The casual structure of the book works well when held together by this strong conception.

8.  Genetics and Cell Theory
The nineteenth century was rife with schemes to explain heredity, but the historiography on this subject is relatively meager. Most of the work on the history of genetics has focused on the twentieth century, and especially the social application of genetics in eugenics. For the nineteenth century, Robert Olby’s Origins of Mendelism ([1966] 1985) remains indispensable. The original edition briefly surveyed the work of the Germans J. G. Koelreuter and Carl Friedrich von Gaertner at the beginning of the century; sketched the ideas of Charles Naudin, Charles Darwin, and Francis Galton in the Victorian period; focused  on Mendel in the 1860s; and concluded with an account of the rediscovery of Mendel by Hugo de Vries, Carl Correns, and Erich Tschermak von Seysenegg in 1900. The second edition greatly amplified these brief considerations, but did not spill over the boundaries of a modestly sized book. The importance of Olby’s work lies in his convincing argument that Mendel neither attempted to discover the laws of heredity nor conceived character traits as the result of two, allele-like elements, as in the later theory of the gene. Olby maintains that Mendel’s real interest in his famous paper on pisum lay in settling the question originally raised by evolutionists. More precisely, for Mendel the question was: Did hybridization produce constantly breeding new forms and thus explain the origin of species? Olby’s account may demote Mendel from being a man “ahead of his time,” but it yet retains him as one of the great experimenters of his age.

 Another area of biological ferment in the nineteenth century that yet wants the crystallizing monograph is cell theory—especially the work of Jakob Matthias Schleiden, Karl Naegeli, Theodor Schwann, and Rudolf Virchow.
 Up to now, discussions of cell theory have been largely confined to the periodical literature. Paul Weindling, has, however, sharply described the later developments of cell theory in his Darwinism and Social Darwinism in Imperial Germany: The Contribution of the Cell Biologist Oscar Hertwig (1849-1922) (1991). Weindling uses Hertwig’s work on cell theory to good historiographic purpose: with it he explores forcefully a number of related confluences, especially political and social applications of evolutionary theory.

9.  Biography in History of Biology
Weindling’s book has the structure of an old-fashion life and works, except in reverse, works first then life. He follows out Hertwig’s thought in developmental and cellular anatomy, and then, halfway through the book, returns to consider the details of Hertwig’s education and professorial life, as well as his social and political views. Though the structure of the book is odd, the clarity of presentation, particularly of the scientific issues, makes this a compelling example of the power of the biographical approach to invade the inner sanctum, where knowledge and imagination, cultural beliefs and personal desires magically create new ideas and theories in science. But for the historian, magic must be explained, or at least, ideas must be reconstructed out of the various elements encountered in a life, so that it seems as though those ideas must inevitably have come to birth. The artistry of the historian, which Weindling displays, sustains the feeling of magic while laying out the logic of development.

Biography is not in favor among social historians. This is perhaps because the biographical approach suggests the importance of particular individuals for understanding larger movements in history. Most social historians, if they do not quite step back to observe the longue durée, yet appeal to or tacitly assume in their accounts the dominance of more proximate, yet non-personal  forces, such as economic structures, class and gender rankings, and mass political movements.  Concentration on individuals appears retrogressively romantic. Yet, important science, which has been the traditional subject of history of science, hardly seems to be a mass phenomenon (the suggestions of sociologists like Bruno Latour notwithstanding).
 The biographical approach, at its best, captures ideas as they initially emerge from the mind of the biologist, still carrying the signs of those causal complexes—intellectual and passional, social and individual, scientific and philosophic—that gave them birth. Those ideas, once loosed upon the ambient culture will then take the shape expressive of both their heredity and their contingent circumstances. Several important biographies in the history of nineteenth-century biology exemplify this genre in quite telling ways.

Frederic L. Holmes’s Claude Bernard and Animal Chemistry (1974) established the methods for his subsequent publications and has served as a model for other historians.
 With the help of Bernard’s laboratory notebooks, Holmes takes the reader by slow march through six years (1842-1846) of the French scientist’s work on digestive physiology and shows how Bernard, despite some conceptual limitations, performed the kinds of experiments that would set the pattern for his more illustrious later years. It is biography of sorts, if we assume Bernard lived his life exhaustively at the bench and within the confines of his notebooks. In Holmes’s study, we do not learn to whom Bernard had been born, even that he had been born—perhaps we were to assume the latter and ignore the former as of no consequence. Holmes mentions that Bernard overcame a depression at the time of his marriage into a wealthy family, but supposes the scientist’s awakened spirits might have stemmed as much from his formulating a new way to study digestion—an hypothesis that highlights one of the two proverbial interests of a Frenchman, while throwing the other into the shadows. Manuscript availability drove this biography and swamped other passages that might have led to a deeper understanding of this physiologist.  Nonetheless, by great sympathetic intelligence, Holmes accomplishes something of considerable value: through his meticulous recreation of the day-to-day work of Bernard, we come to understand intimately the tedium and frustration (sometimes too vividly) and magical insights attendant upon the work of a scientist of the first rank. Holmes shows us what it was to do science in mid-century Paris, as well what it is to create significant historical scholarship.

Philip Pauly has crafted a rather different kind of biography in Controlling Life: Jacques Loeb and the Engineering Ideal in Biology ([1987] 1990). He follows the physiologist Loeb from his early education and training in Germany to the various centers of learning at which he worked in his adopted country, the United States—led there by female interests. And further, he plaits the science through the details of Loeb’s life, showing their tight connections. Nor does Pauly finish with him at death, but trails Loeb’s influence on subsequent biologists and psychologists (like John B. Watson and B. F. Skinner). Pauly develops the story from a very definite perspective, namely Loeb as a biologist who wanted to engineer life, as if, perhaps, it were a like a child’s erector set. He portrays Loeb, with the help of massive archival research, as one always uneasy with more speculative and philosophical approaches to life, one who wished to be able to shape and control living organisms for practical ends. The engineer, of course, had to be cognizant of political, social, and psychological forces that fostered or impeded his work. Pauly, likewise, thinks about these matters, and captures Loeb’s science with their help. Loeb, Pauly explains, suffered scientific humiliation as a young Turk, and this restrained thereafter his polemical impulses, at least in public. And in America, Loeb, an assimilated Jew, tried hesitatingly, bridled by his scientific conscience, to join in the fight with W. E. B. Dubois against racism. Loeb was not a scientist of the first rank, comparable, say, to Bernard. Under Pauly’s control, however, the reader never loses interest in seeing how Loeb’s ideas, mostly having modest consequence, developed or, as was often the case, came to naught.

If Pauly finds a grandeur in the life of a good, second-rank scientist, Gerald Geison discovers shabbiness in the life of a premier scientist; and he relates that discovery with comparable artistic intelligence, and, for our delectation, even with a bit of Schadenfreude. Geison’s Private Science of Louis Pasteur (1995), like Holmes’s book on Bernard, makes use of stacks of laboratory notebooks, though more selectively and for quite different ends. He investigates several of the most important episodes in Pasteur’s scientific life (e.g., his theory of biologically produced fermentation, his anti-spontaneous generation debates, his discovery of the anthrax vaccine, and his use of rabies vaccine), with the aim to show how the science became transformed, under the impact of religious, political, and psychological forces, as it moved from the private sphere of the laboratory to the public sphere of demonstration and publication. In one sense, Geison leaves us with a quite deflated picture of Pasteur’s science, since he indicts the Frenchman of near-fraud in the anthrax case and suggests ethical improprieties in Pasteur’s handling of the rabies case. He probes Pasteur’s personality and social beliefs to show exactly how science, at least Pasteur’s, came aborning through a very complex parentage. Yet for all the idiosyncratic angles that Geison portrays, we recognize Pasteur’s science as authentic and still capable of achieving truth. Geison’s biography, richly ornamented with the similitude of life, reveals to us a genius, yet one whose scientific persona often obscured less happy personal traits.

Geison’s biography of Pasteur judiciously limns the interaction of science and (extra-scientific” factors—and does so in the kind of grave language the occasion and personality seem to demand. Adrian Desmond and James Moore betray a different sensibility. Their biography of Darwin—Darwin: The Life of a Tormented Evolutionist (1991)—jumps to life from the first pages, though it wobbles a bit deliriously through much of the remaining 700 pages. The book exhibits lively writing, a grand conception, and a flat outcome. Unlike Holmes, Pauly, and Geison, who give due account of their subjects’s intricate science, Desmond and Moore only gesture toward Darwin’s science. They are much more interested in juxtaposing the revolutionary politics of socialists and dissenters with the revolutionary scientific conceptions of the naturalist.  With each chapter we hear of rioting in the streets, and then glimpse Darwin as he peeks out of his London window, but only for a moment, and then turns back to filling his notebooks with the material that will have great intellectual consequence. By such juxtapositions, the authors artfully suggest, but never explicitly declare, that Darwin’s science somehow sucked its energy from the revolution that never quite got started in England. The biography has enough narrative drive to make one almost forget its deficiencies, so fine is the art.

But art is displayed more deeply in scientific biography when it molds the science seamlessly to the cultural and personal context of the scientist. Pauly and Geison do this for Loeb and Pasteur, and Janet Browne does it for Darwin in her Charles Darwin Voyaging (1995), the first of two volumes. I might make a rounded tale by comparing her work with that of Eiseley and Himmelfarb, with whose biographies of Darwin I began this essay. Browne has studied the published works, manuscripts, and letters of Darwin, as well as the piles of material still weighing down the shelves in the Cambridge archives. Neither Eiseley nor Himmelfarb used the archival material. Eiseley knew well Darwin’s theory, but did not like it, at least in its implications for human beings; Himmelfarb did not really understand the theory, and liked even less what she imagined it to be. Browne, by contrast, is at home with Darwin’s science, and she exhibits no nostalgia for a simpler and less complicated picture of humanity. Her intimate acquaintance with the scientific and personal material, the social times and large cast of Darwin’s contemporaries, the features of the theory and the rival objections—all of this means she is equipped to write a superior biography, and that she does. Like Eiseley and Himmelfarb, however, Browne has a lucid and near elegant style that makes the reading of her book a pleasure. She shows the power of a scientific biography artfully wrought. Like Pauly and Geison, she so masterfully stitches together the fabric of Darwin’s science with his cultural surrounds that the seams cannot be detected. The biographies composed by Pauly, Geison, and Browne realize in good measure, I believe, what might be thought the ideal of a cultural history of science, to which I now turn.

10. The Structure of Cultural History of Science
The volumes I have discussed in this survey of nineteenth-century history of biology have exhibited many styles of organization and composition. Some march biological theories in tight formation past the reader’s eye, which can be attractive, even smart at times. These books, which have important uses, I will refer to as intellectual histories of science. Others attempt to integrate scientific theory with the larger psychological, social, or religious concerns that might have formed the mind and habits of a scientist—books that attempt a cultural history of science. Of course, many of the volumes are to be found hovering between intellectual and cultural history. When done well, cultural histories, I believe, achieve the explanatory aims that good history must have. But, of course, they are not always done well, and intellectual histories like Jahn’s Geschichte der Biologie will be preferred both for their information and for the explanations that might be constructed with their aid. Cultural history, though, has the potential that simple intellectual history lacks. I would like here briefly to indicate in what I think that potential resides and the structure of its ideal realization.

The historian, of whatever kind, begins work with some central event or series of events he or she wishes historically to understand, that is, to explain. The central event—e.g., the origin of the American Civil War or Darwin’s discovery and formulation of natural selection—serves as the beacon by which antecedent and consequent events (the causally contextual events) are illuminated, selected, and organized—some as leading up to the central event, others as being produced by it. Without a central event to serve as criterion of selection, the historian could not begin to filter out relevant antecedent events from the infinity the world offers at any moment.  How that event is initially described will furnish the power and potential of the historical explanation, for it will be in light of the central event under a certain description that the explanatory causes (i.e., the antecedent events) and the significance (i.e., in terms of the consequent events) will be isolated and organized into a coherent narrative. The description of the central event (e.g., Darwinian natural selection) will usually be modified as the historian dialectically moves from contextual events to the central event and back again. The central event may initially be understood through the artifacts with which the historian deals—in the case of intellectual and cultural historians, the central event will initially be revealed in the documents of a given individual or community of individuals. The intellectual historian of science—just as the cultural historian—begins with an assessment of artifacts. Thus, as a second stage, the historian collects and reads what is said in relevant books, papers, letters, notebooks, etc.—the relevancy being determined by the central event.

The collection and assessment of artifacts will expand as the historian abstracts their meaningful contents and patterns. These patterns will then be compared with one another and ordered temporally. So, for instance, the historian might compare the logical patterns abstracted from descriptions of natural selection in the Origin of Species with similar patterns discovered in, say, Darwin’s earlier essays and notebooks. Initially the historian will assume a developmental sequence, in which one pattern evolves over time and assumes the shape of what appears to be a descendent pattern. A good deal of history of science, especially of an older but quite valuable variety, stops at this third stage. This is intellectual history of science, but not yet cultural history.  Nonetheless, intellectual history forms the backbone of responsible cultural history of science. It establishes the events, theories, and ideas to be explained, and provides a fundamental structure to guide the historian. Yet scientists, even the most divine, do not live in Platonic, abstract space.  They live in a world streaked with social relationships, penetrating passions, and the contingencies of life. The cultural historian will thus move beyond these three preliminary stages of selecting a central event, assessing artifacts, and abstracting and ordering logical patterns. He or she will follow through with four subsequent moments of historical construction.

Cultural history of science begins with the subsequent stages of construction, stages that are, of course, only logically discriminable and not necessarily temporally distinct. As a fourth stage of historical recovery, the historian will attempt to determine the mental processes of the actors—a Darwin or a Pasteur—that led to the production of those patterns of meaning abstracted in stage three. After all, these mental processes, the thoughts and beliefs, the hopes and desires of the scientist, are the proximate causes of the ideas and the theories that form the central concern of the historian of science. Depending on the individual or community studied, access to such processes may be limited or hardly existent. If correspondence, accounts, diaries, notebooks—tailor bills—have not been preserved, then the means of penetrating the mental landscape of the author will be quite limited, though not necessarily completely unavailable. The surviving principal documents and circumstantial evidence may offer enough leverage to break through the interior walls of the subject. And within these walls are to be found religious beliefs, metaphysical commitments, passionate loves, consuming hates, and aesthetic needs, along with scattered scientific ideas, theories, and suspicions. From this matrix will flow the scientific accomplishments to be explained. Without some foray into the mental life of the individuals studied, no adequate causal explanation—the only kind of explanation—can be hoped for.

Historians, of course, must always assume some intentional and belief states of their subjects; otherwise they would never be able to regard some sentence in a document as a proposition or assertion, as opposed to a guess, hypothesis, joke, or automatic writing. The conventions of grammar and other linguistic contextual cues allow the historian to step into the mind of the actor without being fully aware that he or she is crossing a boundary. Any short story by Borges will help sensitize historiographic practice in this regard. Since the historian must project intentions and beliefs into the mind of the scientist, or those of the scientific community, he or she might as well do a more satisfactory and self-conscious job of it.

In a fifth stage of synthetic construction, the historian will wish to recover the sources of those mental processes revealed in stage four. To do this, he or she will attempt a developmental analysis—that is, a portrayal of the series of mental developments the scientist went through to arrive at the point of producing, say, the conception of nature that invests the Origin of Species.  Ideas have a certain inertia about them. Notions formed by an individual at an earlier period will continue to exist, perhaps in somewhat altered form, at a later period. For the historian it is essential to open for inspection, as best one can, the full course of an individual scientist’s mental life. To grasp more completely the mental development undergone, the historian will needs become aware of the external stimuli for that development: newly encountered ideas, newly stimulated emotional states, new relationships with other individuals. The immediate cultural and social environments in which the scientist lives will provide these external stimuli to development, and the historian must come to terms with them. So as a sixth stage of analysis, the historian will be concerned to show how each step in the mental development of the scientist was influenced or caused by the immediate  environment in which the scientist lived and worked. Thus, in the case of Darwin’s conception of nature, the historian must trace the evolution of that idea against its changing cultural and social circumstances, from Darwin’s reading of Humboldt on the Beagle and his encounters with the Indians of South America to his discussions with Huxley in the 1850s. The cultural environment provides the source of those new notions, or the ones that rub against and reshape already established considerations. That cultural environment will include, of course, the immediate scientific terrain of established theories and practices, but also the aesthetic notions, the metaphysical conceits, and the theological beliefs that play upon the mind of the scientist. The social environment will include the scientist’s emotional attachments, the longings, the desires, the aversions, and the hopes that fuel the production of ideas, the formation of arguments, and the construction of theories. Ideas of an abstract Platonic sort are impotent; they lie limply in the fallow ridges of the mind. Only the emotional juices can make them spring to life and take different shape. William James had it right when he observed: “The recesses of feeling, the darker, blinder strata of character are the only places in the world in which we catch real fact in the making, and directly perceive how events happen, and how works is actually done.”

Finally, as a seventh stage, which will round out the effort at cultural history of science, the historian will attempt to understand, grasp, and articulate the cultural and social patterns that shaped the mental and emotional development of the scientist. So, for example, to understand the mental and emotional development of Alexander von Humboldt, whose scientific vision guided geologists and biologists in the early nineteenth century, one must recover and recreate the intellectual, cultural, and emotional community of which he was an immediate member, namely, the circle of Jena Romantics—and, of course, extend that out to recover the intellectual, cultural, and emotional community of German science in the last part of the eighteenth century.

An historian who moves through the first three stages I’ve discriminated, I would call an intellectual historian simply. But the one who continues through the last four stages, that person is a cultural historian, properly speaking. What I have outlined is, of course, an ideal type, but an ideal, I think, worthy of the historian’s aspiration.
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