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Rebels of Life: Iconoclastic Biologists of the Twentieth Century

A Book Proposal

The history of science is invariably told through the gaze, or prism, of its heroes, and modern biology is no exception. Men and women, often winners of the Nobel Prize and other distinguished accolades and prizes, who through painstaking research and brilliance have helped advance science to the heights we call ìtodayî, have been our guides. Through them historians have analyzed the growth of the Life Sciences, the evolution of biologistsí understanding of nature, and the particular problems which they have overcome in achieving this understanding. Insofar as they are the heroes of humankindís quest for knowledge about the natural world and about itself, this is not surprising, and, come to think of it, rather natural. But it is not the whole story.

Seldom is the story of biology told through the gaze of its rebels: those men and women who challenged the prevailing picture of life, in the myriad disciplines that, taken together, constitute modern biology. Some of these researchers were in fact wrong, others, though lambasted for their views at the time, will be found - or have already been found - by posterity to deserve a more just treatment; they may even be called prophetic. All one can say is that in both cases, as is true for most human pursuits, the challengers may teach the challenged much about themselves, and about those issues comfortably felt by the majority to be ìunder wrapsî, or no longer in need of basic, probing, problematizing scrutiny. Even when such challenges end up being resisted, it is worthwhile remembering the Italian economist Vilfredo Paretoís comment on the importance of misguided dissent: ìGive me a fruitful error any time, full of seeds, bursting with its own corrections. You can keep your sterile truth to yourself.î 

While the undertaking of the writing and publication of biographies of twentieth century biologists is already admiringly underway, and growing in its scope, there exists no single volume which concentrates between its covers the story and significance of the ìRebels of Lifeî, the leading iconoclastic figures in biology throughout the twentieth century. Focusing on the role of iconoclastic science, rather then on the figures themselves per se, such a volume would represent a new, and fascinating view of the history of twentieth century biology, through a hitherto unconsidered prism: that of the challenges mounted to conventional wisdom. It would constitute an analysis of the role of dissent and controversy in science, and, more specifically, in the growth of modern biological thought. Ever since Thomas Kuhnís study The Structure of Scientific Revolutions, there has been a great debate about the degree to which social consensus among scientists is constitutive of normative (or ìnormalî or accepted) science. Looking at the fate of biologists who operate outside the consensus of their colleagues, and at the fate of their theories, ought to shed light on this post-Kuhn debate in a way that hasnít quite been done before. 

 The figures featured will be far from cranks. They will be highly respected, top scientists, some of them even Nobel Laureates, who nevertheless felt compelled to go against the tide, striking alternative paths in our understanding of life. Some will be found to have had the character of true rebels, others will be seen to have been entirely, even painfully socially conforming. Yet, each of the figures featured in the book challenged the established truths in his or her own way, be it by adopting a different method of inquiry, a different subject of inquiry, or an entirely contra-paradigmatic conceptualization of his or her own field. Some fought to uphold ways of knowing that seemed outdated to their contemporaries, others attempted novel explanations and methods, deeming their contemporaries reactionary. Some paid a steep price for their heresy and were isolated and forgotten; others shone and became exalted. Taken together, all tell a story of biology which has not yet been told. Rebels of Life would seek to fill this yawning gap.

The target audience for the book would obviously be historians and philosophers of science, as well as working biologists and scientists. However, we also feel that a volume dedicated to an analysis of the role of dissent and iconoclasm in science would have a wide appeal to a broad audience, as well as an obvious educational appeal in university courses across disciplines. There are great advantages to teaching the development of scientific thought through a rigorous examination of those researchers and thinkers who dissented from the norm. Such a consideration highlights the need to constantly examine the working assumptions upon which ìnormalî science is based, and emphasizes the important role of thinking ìoutside the box.î We feel that at a time in which the biological sciences seem to be bursting in new and exciting directions, and constantly inventing new sub-disciplines and languages, a book such as this will be received with much interest.  

Unlike recent anthologies on scientific controversy, such as the one edited by Peter Machamer, Marcello Pera, and Aristedes Baltas (Oxford 2000), Rebels of Life will break the usual polarization of controversy and consensus.  Current analyses of controversy typically portray agreement as a virtue.  But, of course, without some disagreement, innovation in science would be impossible.  Rebels of Life will critically examine the promise of dissent and the role of iconoclasm in significant innovations in the history of the biological sciences. While existing scholarship has considered some of the individual biologists we propose to consider, the biographical format of work on Darlington, Goldschmidt, McClintock, or Sonneborn does not usually directly address our proposed themes of dissent and innovation.  More importantly, typical biographies rarely afford an opportunity to compare careers, contributions, and issues that this book would allow.

The figures in Rebels of Life have been chosen so as to illustrate and analyze basic assumptions, and the challenge to them, throughout the century, in a wide, though integrated, range of biological fields. The disciplines and dissenters chosen for exposition do not represent an exhaustive picture of either all biological thought spanning the century, nor all its rebels. However, Harman and Dietrich have chosen the test-cases such that they satisfy two basic requirements: First, they are able to present a cohesive and integrated picture of the evolution of thinking in the major areas of biology in the twentieth century. Second, they are able to present a pluralistic and helpful exposition of the different roles and effects of dissent in science.

The co-editors will instruct the contributors to present the particular assumption/paradigm their respective figure challenged (providing the appropriate historical and scientific background), and then to focus on the precise dynamics of the challenge, and the response to it. Following such an analysis, each contributor will also try to assess the ways in which the particular challenge ended up impacting upon the given field, and what lessons might be gleaned in view of the present, and also the future, direction of the field. We have assembled a list of thinkers spanning the century from a wide range of biological disciplines, including genetics, cytology, evolution, embryology, ecology, biochemistry, neurobiology, parasitology and virology. The respective cases will be presented in the book in chronological order; however, much care will be taken by the editors to create an effective and vibrant discussion between the relevant chapters. We believe the test-cases, and the interplay between them, trace a fascinating line through the development of biological thought in the twentieth century, and may be explained and illustrated with novel insight.

Contents:

Introduction


Oren Harman and Michael Dietrich

In the Introduction, the editors will examine and discuss the different aspects and types of iconoclasm in biology in the twentieth century (methodological, experimental, conceptual), explaining their epistemological, sociological and historical significance. The test-cases presented in the articles will be introduced, and will serve as the basis for the conceptualization of the role of dissent in science. We hope here to present a novel, and complete theoretical consideration of the myriad roles, motivations, and effects of dissent in biology in the twentieth century.

Chapter 1: Alfred Russel Wallace


Michael Ruse


Department of Philosophy

Florida State University


When Alfred Russel Wallace published his autobiography in 1905, one reviewer pronounced him the only man who believed in spiritualism, phrenology, anti-vaccination and an Earth-centered universe whose life was worth writing. Following his famous 1858 letter to Darwin from the jungles of the Malay Archipelago, in which he spelled out his theory of evolution by natural selection, Wallace began to think more and more about the evolution of man. Adopting a hyper-selectionist view (as opposed to Darwin who was more open to the workings of other mechanisms along-side natural selection), Wallace arrived at a notion of the connection between man, evolution, and higher beings that immediately fashioned him a rebel and a pariah among his scientific colleagues. If savages could be trained to command the finest subtleties of European art, philosophy and morality, Wallace reasoned, yet in the state of nature needed none of those abilities to achieve their ìimpoverishedî languages, ìrepugnantî moralities and ìbaseî cultures, then human intelligence patently arose before it was needed. It could not, therefore, be a product of natural selection, which fashions only traits that are immediately helpful in the battle of survival. ìThe inference I would draw from this class of phenomena,î Wallace wrote, ìis, that a superior intelligence has guided the development of man in a definite direction, and for a special purpose.î

 
In this, opening chapter one of the worldís leading authorities on Darwinism will tackle the enigmatic figure of Alfred Wallace, consigned by history to the shadow of the great man with whom he shared the great insight of evolution by natural selection. The chapter will examine the manner in which Wallace evolved from the young and brilliant co-discoverer of the principle of evolution by natural selection to the rebellious, isolated champion of a full-blown teleological evolutionary cosmology informed by spiritualism. Wallace died in 1913 staunchly committed to the view that what the materialist Darwinists around him believed ñ namely, that the evolution of life may be explained without recourse to external, directing force/s - was simply wrong. Michael Ruse will guide the reader through this late 19th/early 20th century debate about the self ñsufficiency of matter and mind, tying the problematics of the two-centuries together, and showing how this debate continues to resonate today under new guises and vocabularies.

Chapter 2: Hans Driesch


Garland Allen


Department of Biology


Washington University, St. Louis

Hans Driesch, German embryologist and later philosopher was, in the early part of his career (1886-1900), one of the foremost exponents of the mechanistic approach to biology in the late nineteenth century. A follower of Wilhelm Rouxís Entwicklungsmechanik [developmental mechanics] research program, Driesh performed a classic experiment (published in 1891) that contradicted results obtained several years earlier (1888) by Roux himself. Roux had shown that killing one of the first two blastomeres of a frog embryo, resulted in half-embryos by the gastrula stage. Roux interpreted these results to indicate that each cell cleavage during embryogenesis qualitatively parcels out determinants for different characters of the adult, so that by the time differentiation is complete each cell type has only its own kind of determiner. This very mechanistic process was called the ìmosaic hypothesis.î Driesch, working on sea urchins at the Naples Station, shook apart the two blastomeres and found, contrary to expectation (based on Rouxís work) that each produced a complete and whole embryo (up at least through larval stage). Driesch rejected the simple mechanical process invoked by Roux, and considered that the embryo has a much great ability to adjust itself to altered circumstances. To describe this ability, Driesch claimed that the embryo was a ìharmonious equipotential system.î Continuing his experiments through most of the first decade of the twentieth century, Driesch subjected the embryo to a variety of altered chemical and physical stimuli (changed ionic concentration of the sea water, temperature, centrifugal force, and the like) and studied its ability to readjust to such dramatic circumstances. Eventually despairing of learning about the intricacies of embryonic processes by the methods of physics and chemistry, Driesch adopted a vitalistic philosophy, invoking the Aristotelian principle of ìentelechyî as a non-material, non-chemical guiding force that pervaded the embryo and organized its development toward completion. 

Driesch was a ìrebelî in many ways. As a young man, he rebelled against the descriptive and speculative phylogenies drawn up by morphologists such as his teacher, Ernst Haeckel at Jena. Such theoretical constructs, based largely on comparative anatomy of adults, but particularly embryos, could never be tested rigorously, and thus seemed unprovable. His rebellion took the form of enthusiastic support for the Entwicklungsmechanik program, a radical departure from the type of work his mentor and others of that generation pursued. Driesch became a rebel for the second time when he abandoned mechanistic biology for philosophy, and specifically for a vitalistic philosophy that was out of sympathy with most biologists of the time. Flying the face of a mechanistic tradition he had himself helped to create, Driesch claimed that living systems could never be understood in terms of physics and chemistry, and had to be considered vital entities that operated under their own, metaphysical rules. 

Despite this dramatic departure from the norm for biologists of his day, Driesch retained the respect of his colleagues around the world, if only as a philosopher who had worked as an experimental biologist. This chapter will critically examine Drieschís career and different rebellions.

Chapter 3: William Bateson


Rafi Falk

Department of Genetics

The Hebrew University of Jerusalem

William Bateson (1861-1926) may best be described as a rebel of iconoblasm, rather than an iconoclast: He established and defended with his entire wrath the particulate-reductionist theory of Mendelian genetics. Bateson was a veteran of theories of discontinuous variation in development and evolution. His studies in embryology led him to advance the notion of homoeosis, or developmentally-constrained evolution by repetition of body parts followed by the alternation of the segments of the series. Bateson turned to field studies to prove the discontinuity of Darwinian selection even in apparently continuous varying environments, all of which culminated in 1894 in his Materials for the Study of Variation. Upon reading de Vriesí 1900 paper of inheritance of unit characters he conceived of Mendelís hypothesis as the extension of the theory of discontinuous variation to that of heredity. Bateson initiated an experimental program to prove the universality of the inheritance of unit characters in plants, animals and men. By extending the Mendelian theory of inheritance of discrete Faktoren, which in 1905 he called Genetics, he was actually the herald, if not the real discoverer of Mendelís work. He turned to become an aggressive and a rather dogmatic defender of a bottom-up particulate theory of inheritance against any notion of organismic, top-down theory of blended inheritance or of acquired characters.

This chapter will examine the battles of one of the seminal figures in early classical genetics against long-held theories of heredity and evolution. It will seek, in addition, to analyze the legacy of these battles, and the manner in which they influenced the study of heredity and evolution in the first half of the twentieth century.

Chapter 4: Cyril Darlington


Oren Harman

The Hebrew University of Jerusalem and 

Graduate Program in History and Philosophy of Science

Bar Ilan University


Cyril Dean Darlington was the most famous cytologist in the world in the decades preceding the molecular revolution of the 1950s. Crossing disciplinary boundaries, Darlington created a synthesis between genetics, cytology and evolution by revealing the mechanics of chromosomal recombination and the importance of its evolution. But while obituaries ultimately referred to him as the ìCopernicusí or ëNewtoní of cytology, Darlingtonís scientific (and extra-scientific) life was marked most strongly by controversy. His classic book from 1932, Recent Advances in Cytology, was considered by many to be ëdangerousí and to be kept away at all costs from the desks of graduate students and researchers. At once both central to the advancement of his field, and strongly condemned by it, Darlingtonís theories had struck a chord at the very center of the scientistís quest to unravel the symphony of nature: at issue was a matter of method, and Darlington had chosen a new path by which to proceed.


In this chapter, I will present Darlingtonís contributions to cytology, genetics and evolution, and examine the ways in which these contributions accrued from a rebellious method of scientific inquiry. I will show how Darlingtonís departure from a strictly inductivist program of research to one based on deduction from genetic first principles came against a wall of resistance due, in large measure, to the fractious disciplinary divides that characterized the life sciences in the 1930s.    

Chapter 5: Richard Goldschmidt

Michael R. Dietrich

Department of Biological Sciences

Dartmouth College

Richard Goldschmidt is remembered today as one of the most controversial biologists of the twentieth century. Richard Goldschmidtís rejection of the classical gene and his controversial views of evolution have earned him a reputation as a "scientific heretic." During his lifetime Goldschmidt certainly sought controversy and even referred to some of his ideas as "heresy."  Yet, by the end of his life, Goldschmidt had also earned significant accolades, such as election to the National Academy of Science and the Presidency of the International Congress of Genetics.

For historians of science, Goldschmidtís enduring reputation as a ëscientific hereticí presents a number of challenges as we seek to understand his role in 20th century biology. Why did he lose faith in the classical gene and Neo-Darwinian evolution?  Answering this relatively straightforward historical question is complicated by the fact that Goldschmidt's negative reputation among scientists remains strong.  Histories that do not begin with the assumption that Goldschmidt was and is a ëhereticí run the risk of appearing as if they are defending Goldschmidt's science.  Indeed, several biologists in the last twenty-five years have tried to rehabilitate his theories, as they extol the merits of some aspect of his work. I have no desire to rehabilitate or defend all of Goldschmidt's science, but I believe that his reputation as a heretic obscures significant aspects of his life and work.  In this article I will emphasize the development of his controversial views as well as his broader scientific ambition of integrating evolutionary biology, developmental biology, and genetics.

Chapter 6: Barbara McClintock

Nathaniel Comfort

Johns Hopkins University

The Nobel laureate geneticist Barbara McClintock (1902

1992) has often been called a visionary, even a mystic. The visionary is a lone genius; the iconoclast, in contrast, is a social figure, a heretic emperor destroying others' sacred images. I will show that McClintock had the awareness of the iconoclast. The icon she smashed was the mainstream idea that mutations--chemical changes in the genes--must lie at the root of all genetic differences. McClintock attacked this idea for years, championing instead the idea that changes in the action, rather than the structure, of genes, could account for these differences. Her Nobel-winning research was the discovery of movable genetic elements, in 1948. Before, during, and after this discovery, McClintock wrote to friends and colleagues that she hoped to tear down the conventional notion that mutation was the only--or even the major--explanation for evolutionary and developmental differences between organisms. She thus addressed the central question of twentieth-century biology: how to integrate the big three problems of genetics, development, and evolution. This chapter will examine the relationship between iconoclasm and scientific vision in Barbara McClintock's science and scientific communication. It will conclude by examining the question of whether, if an icon falls and no one hears it, it really makes a sound.

Chapter 7: Leon Croizat





            David Hull

Chapter 8: Tracy Sonneborn

Judy Johns Schloegel


Indiana University

This chapter examines Tracy Sonneborn's catholic approach to the exploration of hereditary phenomena. Cast by contemporaries and historians as a key player in the defense of the role of the cytoplasm in inheritance, Sonneborn in fact aimed to investigate all forms of inheritance in the cell and frequently pursued or employed conventional genetic methods to achieve his objectives. Sonneborn's iconoclasm was driven primarily by his steadfast commitment to "follow" his research organism, the unicellular ciliate, Paramecium aurelia, in the laboratory, that is, to learn as much as possible about the organism and investigate problems that were revealed by it and for which it was well-suited. Sonneborn's organism-oriented approach was likewise characterized by a commitment to understanding genetic phenomena in an organism as an inclusive and integrated unity, which he came to refer to as a "genetic system." This chapter examines the case of Sonneborn's research on mating type inheritance from 1939 until the mid-1950s, which became a paradigm for his concept of genetic systems. Sonneborn's organism-oriented approach repeatedly led him to challenge existing interpretations of genetic phenomena, yet as will be seen, they were done so with a willingness to incorporate both conventional methods and genetic concepts with more unconventional phenomena and ideas.

Chapter 9: Oswald Avery


Ute Deichmann


University College London

Oswald T. Avery was one of the most renowned immunochemists of his time. He became best known, however, for having provided the first direct evidence of DNA having gene-like properties in a 1944 paper, published with collaborators MacLeod and

McCarty, on the transformation of pneumococci by DNA. Avery's major

characteristics, such as his modesty, his insistence that scientific results

should speak for themselves and his reluctance to engage in far-reaching

theories and speculation render him almost the opposite of a rebel in science.

Yet, his 1944 paper marked a rapturous turning point in the early history of molecular

biology. Averyís transforming principle experiment should have, in principle, replaced the protein dogma of the gene, as well as further questioning the Cohn-Koch dogma of the stability of bacterial types and opening up the door to the concept of sexuality of bacteria. And yet his result was so adverse to the reigning dogmas in genetics and microbiology that its reception was almost unremarkable. It would take many years before the community would fathom the meaning of Aberyís famous experiment.

This chapter will analyse Avery's contributions to immunology, microbiology and

early molecular genetics and their reception by contemporary scientists. It

will examine how Avery succeeded to develop reliable concepts which turned out

to be revolutionary, by conducting research which was entirely empirical.

Chapter 10: Max Delbruck


Gunther Stent 


University of California, Berkeley

In a 1954 letter to his mentor and old friend Niels Bohr, physicist Max Delbr¸ck explained the essence of his biological research program: I wish to investigate the biological system ìas something analogous to a gadget of physicsî with the ìhope that when its analysis is carried sufficiently far, [it] will lead to a paradoxical situation into which classical physics ran in its attempts to analyze atomic phenomena.î The paradox that faced early twentieth century physics had led to the discovery of quantum theory. In the 1930s, the state of contemporary biology very much resembled the situation of early twentieth century physics. The scientific community was mystified by the problem of the hereditary substance, of its replication and action. Delbr¸ck saw the history of science about to repeat itself. To him, the paradox of life based on molecular components yet not explainable as emerging from their integrated properties, would establish a ìheuristic paradigmî in the history of science, a portal to deeper understanding. In a sense, the quest on which this promise of paradox led Delbr¸ck would become one of the most successful failures in twentieth century science and leave molecular biology in its wake.

 This chapter will examine Delbr¸ckís quest, motivated by Erwin Schrˆdingerís challenge, to discover that elusive law of biology yet unknown to physics. It will show how the intellectual rebellion of one physicist against a biochemical approach to heredity brought about a momentous transformation in our understanding of biology, and changed the relationship of biology to physics, chemistry and informatics in ways that have shaped, and continue to shape, manís understanding of life in profound ways.  

Chapter 11: V.C. Wynne-Edwards


Mark Borello


History of Science Program 


University of Minnesota

Vero Copner Wynne-Edwards is perhaps the most well- known and least read evolutionary biologist of the mid-twentieth century.  In his 1962 book Animal Dispersion in Relation to Social Behavior, Wynne-Edwards presented the argument and evidence for his theory of group selection that brought into the light an issue that had troubled biologists since the Origin. He argued that the neo-Darwinian focus of natural selection acting on individual organisms could not explain many of the most interesting features of the natural world; in particular, the evolution of altruism and the maintenance of populations below the carrying capacity of the niche. The evolution of these phenomena were best explained, according to Wynne-Edwards, as a result of group selection ñ the differential selection and reproduction of groups as opposed to individuals. This theory was anathema to the community of evolutionary biologists who saw in it a harkening back to the unscientific claims about natural selection working for the good of the species. Since the rediscovery of Mendel and through the development of population genetics, biologists had consistently honed the focus of the evolutionary mechanism to the level of the individual, Wynne-Edwards sweeping invocation of the importance of group selection threatened to undermine that developing paradigm.


In this chapter, I will describe the development of Wynne-Edwardsí theory and its reception by the broader community. I will demonstrate that in their haste to stamp out consideration of group selection as a viable component of evolutionary theory, Wynne-Edwards critics mischaracterized much of his work and retarded the development of the hierarchical approach to evolutionary theory that has become more prevalent in contemporary evolutionary studies.

Chapter 12: Howard Temin


Daniel Kevles


Yale University

Howard Temin's discovery of reverse transcriptase was the culmination of a research program on the Rous sarcoma virus that began during his graduate work in the late 1950s at the California Institute of Technology and that developed in dissent from prevailing beliefs in molecular biology. At Caltech, in collaboration with Harry Rubin, a postdoctoral fellow, Temin infected chicken cells in culture with the Rous virus, obtaining foci of transformation that could be analyzed quantitatively using the techniques that had been developed by the phage school and adapted to animal virology by Renato Dulbecco. By the time he completed his Ph.D., in 1959, Temin strongly suspected that the transformation resulted from an integration of the virus' RNA genetic information into the DNA of the chicken cells. In the early 1960s, while a junior faculty member at the University of Wisconsin, he hypothesized that the viral RNA could generate double-stranded DNA complementary to it. The DNA constituted a "provirus" -- a piece of DNA that coded back for the synthesis of a daughter virus, and that transformed the cell.  As Temin put it in 1964, "The virus acts as a carcinogenic agent by adding some new genetic information to the cell." Because the hypothesis challenged the molecular biological dogma that RNA could not synthesize DNA, Temin was widely held to be scientifically bizarre and wrongheaded. As a result, Temin focused much of his experimentation on showing that transformed Rous cells contained foreign DNA rather than on trying to find a mechanism whereby the viral RNA generated complementary DNA. Once he turned to that question, in the late 1960s, he quickly discovered reverse transcriptase, the enzyme that catalyzes the synthesis of DNA from RNA.  In 1975, in recognition of the accomplishment he was awarded the Nobel Prize in Physiology or Medicine together with Dulbecco and David Baltimore.

Chapter 13: Roger Sperry

Tim Horder

Anatomy and Human Genetics

Oxford University


Few general readers will have heard of Roger Sperry (1913-1994), winner of a Nobel Prize for Physiology and Medicine in 1981. His work was not glamorous and in many ways it was inconclusive.  Even neuroscientists today would know little about him.  However his work has the outstanding merit of being unusually original in conception and ambition, beautifully designed and executed, and fundamentally important to our understanding of the brain and consciousness.  His work falls into two broad categories, seemingly quite unconnected but each pioneering and fundamental.  In the first part of his scientific career, Sperry raised the question of how the brain becomes wired up during its development.  He introduced the concept of ìchemospecificityî and initiated a series of brilliant experimental studies to demonstrate the mechanisms that guide nerve fibres so accurately to their targets in the nervous system. Although the concept has been much modifed since, it was Sperry who first defined the issues. The message was that the brain is both hard and soft-wired. Later Sperry turned to studies of ìsplit-brainsî in humans and monkeys. This equally pioneering work led to a whole series of challenging questions about personality, consciousness and the basic functioning of the brain, all of which themes Sperry considered in some depth. We are still working out what all this work meant.  Sperry was a genuine original; as such it was hard for his contemporaries to place him and he remained, in many respects, an outsider throughout his career.

Chapter 14: William Hamilton


Ullica SegerstrÂle


Illinois Institute of Technology

In the first volume of his collected papers, the late Oxford evolutionary biologist William Hamilton retells a Victorian joke. Two ladies are conversing, and one says: ìHave you heard that Mr Darwin says we are all descended from an ape?î The other replies: ìOh, my dear ñ that surely cannot be true!Ö But, if it should be true, let us pray that at lest it will not become generally known!î One of the giants of evolutionary thought in the twentieth century, and a true maverick, Hamilton understood that the ladiesí response is as relevant today as it was in Victorian times because evolutionary notions ìhave the unfortunate property of being solvents of a vital societal glue.î While in the late 19th century the subjects of Hamiltonís joke were concerned about Darwinismís challenge to conventional religion, liberals today worry about its impact on the egalitarian premise on which democracy is based. 


Hamilton was twice a rebel: once, in using mathematical reasoning and modeling to argue against the prevalent notion in biology in the 1960s that altruism is explained by group selection, and a second time, in advocating the notion that Darwinís lesson, put simply, is that all men are not born equal and that this stark and bare truth must be considered in the planning of the future of humankind. In his theory of ëkin selectioní, Hamilton showed how altruistic behavior can be understood as a function of the measure of genetic relatedness between organisms, and gleaned from this a political and social world-view marked by extreme genetic determinism. In this chapter, Richard Dawkins, a close friend, colleague, and the man who popularized Hamiltonís mathematics in the wildly successful book, The Selfish Gene, will grapple with the legacies of both these rebellions: In what sense has Hamiltonís gene-based perspective of evolution impacted upon biological thought, and in what sense is this scientific world-view connected to the greater implications of evolutionís relevance to humankindís predicament and future?   

Chapter 15: Peter Mitchell


John Prebble and Bruce Weber

University College London and

California State University, Fullerton

Peter Mitchell fundamentally altered how biologists thought of energy production in the cell.  During the golden age of molecular biology, Mitchell championed his chemiosmotic hypothesis.  According to Mitchell, living cells pumped protons across membranes to create a differential gradient across the membrane.  When protons flowed back down the gradient (toward the side with fewer protons), they generated energy captured in the phosphate bonds of the molecule ATP.  Mitchellís ideas were outside of the accepted realm of bioenergetics and the time and met with deep skepticism. Nevertheless, he won a Nobel Prize in Chemistry for his work in 1978. But Mitchell was not just an intellectual rebel.  Most of Mitchellís research was conducted at a private research institute that he founded, The Glynn Research Institute, and was aimed at proving that serious science can be accomplished outside of the normally accepted university and industry venues. This chapter will consider Mitchell chemiosmotic hypothesis and the role that the Glynn Research Institute had in fostering the innovative and counter-dogmatic work by Mitchell and his small group of colleagues.

Chapter 16: Motoo Kimura


William Provine 


Cornell University

As one of the worldís leading population geneticists, Motoo Kimura was trained in the Neo-Darwinian orthodoxy that emphasized the power of natural selection. Using new evidence from the comparison of molecular differences, Kimura articulated and advocated a novel, unorthodox neutral theory of molecular evolution, beginning in 1968.  The neutral theory claimed that most detected genetic differences were not subject to selection, but rather were governed by random drift.  Throughout the 1970s and 1980s, Kimura championed the neutral theory in the hotly debated neutralist-selectionist controversy.  Kimuraís persistent advocacy placed the neutral theory at the foundation of the merging field of molecular evolution, despite serious differences between molecular and morphological evolution.  Kimuraís personal dedication to neutralism kept the controversy with selectionists alive, but also resulted in its acceptance of the dominant null hypothesis by the end of the 1980s as DNA sequence data became widely available.  This chapter will document Kimuraís role as champion of the neutral theory and his impact on our beliefs concerning the dominance of natural selection.

Chapter 17: Stephen Jay Gould


David Sepkoski


Oberlin College

Known to millions around the world as a vigorous champion of Darwinism, Gould became one of Americaís most visible scientists in the latter part of the twentieth century. In his witty monthly columns in Natural History magazine, his popular books, television, public and court appearances, Gould presented the modes, implications, benefits, and shortcomings of science to a literate public. Taking on the creationist, anti-evolutionist movement, he became a living symbol for scientific integrity and scientific method.


Apart from his championing of the teaching of evolutionary science in school curricula, and his public battle against creationists, however, Gould also engaged in vigorous debates with is fellow evolutionary theorists on fundamental issues pertaining to the history of life on earth. With the perspective of time and distance now enabled by his untimely death in May 2002, Gould is increasingly emerging as a rebellious scientific figure, one who challenged some of the most basic assumptions of evolutionary theory. In particular, Gouldís theory of ìpunctuated equilibriaî called into question both the Darwinian notion of gradual evolution, and the assumption that natural selection works on individuals, and not groups. In addition, Gouldís challenge to the adaptationist program within evolutionary theory, demarcated a divide between ìhard-coreî and ìsoft-coreî selectionists, a divide mirrored in each campís respective interpretation of Darwinís teachings themselves. But was Gould an original? And in what sense was a he a rebel? What role did his public advocacy of controversial theories play in internal scientific developments and debates? This chapter will examine Gouldís iconoclasm along side his persona as a visible and important public intellectual, and emphasize the connection between the two.

Chapter 18: Carl Woese


Jan Sapp


York University

Carl Woese has challenged concepts and dichotomies at the core of 20th century biology and he has offered a radically new vision of life. At a time when microbiologists denied that a phylogenetic classification of bacteria was possible, Woese began a research program based on comparisons of the 16S ribosomal RNA molecule. With that data in hand, he called for a reordering of bacterial taxonomy and a fundamentally new conception of the evolution of life on earth. Woeseís methods, developed in the 1960s and 1970s, revitalized microbiology. In so doing he argued that the prokaryote-eukaryote dichotomy was erroneous; he replaced it with a tripartite division of the world in terms of three domains, the eubacteria, the archaebacteria, and the eukaryotes. While evolutionists generally considered eukaryotes to have evolved from prokaryotes, Woese proposed that each domain represented a separate lineage that evolved from a fourth pre-Darwinian domain: the progenote, a population of ancient life forms that were in the throes of evolving the modern translation machinery. At a time when leading biologists considered that theories about the symbiotic origin of

eukaryotic organelles belonged to the realm of metascience and to idle speculation, Woese and his associates offered proof by tracing the ancestor of mitochondria and chloroplasts to specific bacterial lineages. In contrast to the conventional Oparin-Haldane scenario about the origin of life - that eubacteria originated from an anaerobic heterotroph ñ Woese argued that a primitive photosynthetic autotroph was equally as reasonable. In reviewing these ideas, this chapter will show how Woese's approach was an interdisciplinary synthesis of both technique and theory. In so doing, it will trace his evolutionary thinking to his earlier work on the genetic code and his innovative ideas about the nature and origin of the translation mechanism -from nucleic acid to protein.

Chapter 19: Dan Simberloff
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Independent Scholar

Chapter 20: Thelma Rowell


Vivciane Despret

Chapter 21: Eva Jablonka


James Greisemer


University of California, Davis

As evolutionary biology fused with genetics in the twentieth century, many scientists actively worked to discredit the idea of the inheritance of acquired characteristics or what they called Lamarckian inheritance.  This opposition was aided by the separation of developmental biology from genetics.  With the resurgence of developmental biology in the last twenty years, Eva Jablonka and her collaborator Marion Lamb reintroduced the real possibility of Lamarckian inheritance.  Backed by a growing body of evidence of epigenetic effects, their advocacy threatened the enshrined central dogma of molecular biology and the privileged place of genetics.  This chapter will consider Jablonkaís decision to question one of the core principles of contemporary biology.  Contextualized as part to the rise of evolutionary developmental biology (ìevo-devoî), this chapter will discuss the contemporary struggle for authority in genetics and developmental biology.

Epilogue: Iconoclasm in Twenty-first Century Biology

Oren Harman and Michael Dietrich

The editors will consider the relevance of the test-cases and theoretical conclusions presented in the book to the development of the life-sciences in the twenty first century, pointing out the current new directions being taken by biology, and the role dissent might play in their development.  


For the sake of better visualizing the book structure and contents, we present below a table illustrating the basic assumption or problematic challenged (right) by the particular historical figure (middle), examined by the author (left):

Scholar

Subject

Basic Assumption Challenged, or Basic Problematic

1. Michael Ruse 

Alfred Russel Wallace

The evolution of life may be explained without recourse to external, directing force/s

2. Garland Allen

Hans Driesch

Biology is a descriptive science; Life can be explained by reduction to chemistry and physics 

3. Raphael Falk

William Bateson

Variation is continuous; Heredity is non-particulate

4. Oren Harman 

Cyril Darlington

The job of the biologist is first and foremost to describe, not to theorize: induction versus deduction in the life sciences

5. Michael Dietrich

Richard Goldschmidt

The Gene is a bead on a string that encodes proteins discretely

6. Nathaniel Comfort

Barbara McClintock

Mutation is responsible for all genetic difference

7. David Hull

Leon Croizat

Geographic barriers and biotas do not co-evolve

8. Judy Johns Schloegel

Tracy Sonneborn

All hereditary structures reside in the nucleus

9. Ute Deichmann

Oswald Avery

The hereditary material is to be found in proteins

10. Gunther Stent 

Max Delbr¸ck

Heredity will be explained by biochemistry

11. Mark Borello

V.C. Wynne-Edwards 

Selection works on individuals, not groups

12. Daniel Kevles

Howard Temin

Biological information flows in one direction: from DNA to RNA to protein

13. Tim Horder

Roger Sperry

The brain is either hard wired or soft wired

14. Ullica Segerstrale

William Hamilton

Altruism is explained by group selection

15. John Prebble and Bruce Weber

Peter Mitchell

Bio-energy is unrelated to electrical gradient; doing good science outside of the academy or industry is impossible

16. William Provine

Motoo Kimura

All mutation in nature is either deleterious or advantageous

17. David Sepkoski

Stephen Jay Gould

Nature does not move in leaps; individuals are the units of selection in evolution; all traits must be explained in terms of their adaptive advantage

18. Jan Sapp

Carl Woese

Bacteria constitute a single kingdom

19. William Dritschilo

Dan Simberloff

The foundations of ecological research

20. Vinciane Despret

Thelma Rowell

Culture and gender have nothing to do with how scientists ìreadî nature

21. James Greisemer

Eva Jablonka and Marion Lamb

Lamarckian mechanisms play no role in evolution
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