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	  For my mother, who gave me her seriousness and who, by her choice of my father, gave me his enthusiasm.

      

	  
        Would it not be a far more elegant way of interpreting the two-faced image, to say that Janus and Terminus are the same, and that the one face has reference to beginnings, the other to ends? For one who works ought to have respect to both. For he who in every forthputting of activity does not look back on the beginning, does not look forward to the end. Wherefore it is necessary that prospective intention be connected with retrospective memory. For how shall one find how to finish anything, if he has forgotten what it was which he had begun?

        —Augustine of Hippo
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        Foreword

      
      Daniel C. Dennett

      This joyful book tells the story of how meaning came into existence, and how we ourselves came to be able to make sense of our world. It blithely ignores hostile boundaries and unites philosophy and science, poetry and biochemistry, Shannon’s mathematical theory of information and good old-fashioned literary scholarship. What could you possibly learn from Aristotle or Francis Bacon about the dynamics of gene regulation, and what could you possibly learn about literary interpretation from the role of retroviruses in rewiring placental regulatory networks? Do scientists have anything to gain by learning the history of their own fields, and can scholars in the humanities and social scientists strengthen their grip on their own fields by learning some of the fascinating details of microbiology? Having aroused the passions of partisans on both side of this great divide, I want now to invite them on a roller-coaster ride of ideas, dexterously drawn by David Haig from an astonishing range of sources, from Laurence Sterne’s curious novel Tristram Shandy (1759) and Immanuel Kant’s Critique of the Power of Judgment (1790–1793) through the work of Charles Sanders Peirce and Jacques Derrida to the latest peer-reviewed articles on the intricate machinery of gene transmission, duplication, and expression. The ride is all the more exciting because it is in the form of elegant arguments conducted with calm confidence, unfolding a novel vision of life without fanfare or special pleading, letting the implications speak for themselves.

      Philosophers, according to a threadbare stereotype, concern themselves with the old question:

      
        	What is the meaning of life?

      

      And “hard” scientists, according to another threadbare stereotype, set that question aside, postponing it indefinitely, while they work on a more respectable set of questions, ultimately physical or mechanical questions about how things work, not why:

      
        	What is matter?

        	What is time?

        	How do molecules do what they do?

        	How did life arise and how do living things stay alive?

      

      These stereotypes have been baked into powerful presumptions, separating the arts and humanities, with their goals and methods, from the sciences, with their differing (and opposing) goals and methods. Geisteswissenschaften (literally, sciences of the mind) versus Naturwissenschaften (literally, sciences of nature—in the broadest sense, which includes moons and mountains, oxygen and oceans). Lawless narratives to the left, laws of nature to the right.

      These traditional dividing lines have been taught for centuries, and are still taught today, but they have to be taught, since we all know better! We all know that there are reasons why the intricate organs of living things are the way they are—if only we can discern them—and we all know that the meanings we find in our arts and humanities are real phenomena, certainly as real as the meanings scientists find and transmit in their equations. There must be a way of putting matter and meaning, mechanism and purpose, causation and information, into a unified perspective.

      And for over a century and a half we have understood, at least dimly, that the key to this unification lies in Darwin’s dangerous idea of evolution by natural selection. In very different ways this has become common ground for many deep thinkers from Darwin’s own day to a growing assembly of biologists, physicists, psychologists, and philosophers in the twenty-first century. Aristotle’s Final Cause—the telos or what for? question—has been absorbed, somehow, by Darwin’s proposal that life is designed by a blind, purposeless process of differential replication, from which emerge products—living things and their artifacts—which themselves have purposes. But how is this possible? There is still an unresolved tension, epitomized by the oft-quoted exultation by Karl Marx when he discovered Darwin’s Origin of Species:

      
        Not only is a death blow dealt here for the first time to “teleology” in the natural sciences but their rational meaning is empirically explained. (Marx, letter to LaSalle, 1861)

      

      Does Darwin’s idea explain teleology, or explain it away? It does both; it shows how real purposes, real functions can arise out of phenomena that themselves have no purpose, no function. But in the eyes of many, this is a dubious assertion, wishful thinking at best, or self-deception. Aristotle’s telos is a seductive idea but it smells . . . divine and hence anathema. Should we puritanically abstain from teleology when doing science (but not when doing literature, history, philosophy, psychology), or has Darwin shown us how we can tame Aristotle’s shrew, and make an honest woman of her? (This obstreperous or maybe even offensive way of putting the issue is itself an issue to be considered; the submerged distastes and unarticulated biases of thinkers across the spectrum is exposed in the bright beam of Haig’s widely informed attention.)

      The details matter, more than one might think—more than I had thought until I got swept up in Haig’s consummate explanation of how the pieces all fit together. Many of us think we understand evolutionary theory, if not in every minute particular at least in handy if sometimes sketchy outline, and we have tended to think that this is enough understanding to secure a firm foundation for our extensions of evolutionary thinking beyond gene pools and organisms to minds, cultures, and societies. Haig shows that there is much more of value to be gleaned from the intricacies, if we adopt his careful adaptationist perspective, treating all the phenomena of life as susceptible to reverse engineering, seeking the underlying reasons for all the patterns we find in nature. Stephen Jay Gould and Richard Lewontin (1979) famously warned us about the polluting influence of this “Panglossian Paradigm” (where we supposedly live in the best of all possible worlds) but we must cast aside our residual worries about the risks of this “Darwinian paranoia” as some have called it, and let Haig lead us into the strange and enchanting (but also disconcerting) world of strategic genes, mindless competitions between renegades and impostors, team players and sentries, robots made of robots made of robots managing to pilot their enormous vehicles into the future without ever having to recognize or appreciate the reasons why they act as they do. This is the world of selfish genes, brilliantly introduced by Richard Dawkins (1976), explored in even more detail by Haig.

      Two informal rules can help us place Haig’s project on a useful, if provisional, foundation: Braitenberg’s Law and the Warden’s Rule. Valentino Braitenberg, a Swiss neuroscientist, published an elegant little book, Vehicles (1984), in which he described an increasingly complex collection of imaginary organisms, simpler than bacteria (which are far from simple!) and described how they would behave, singly and in groups. The justification for this methodology was Braitenberg’s Law of Uphill Analysis and Downhill Synthesis. It is easier, he noted, to predict the behavior of a complex entity you synthesize out of simpler entities—downhill synthesis, a constructivist approach—than to analyze the inner workings of a complex entity whose behavior you observe—uphill analysis. He was right, in the opinion of many, and his little book set in motion a considerable research tradition in robotics and other computer-aided inquiries. But something like Braitenberg’s Law is also at work in Haig’s analysis of the many ways that information gets captured and moved around in the process of natural selection: start small, and build up.

      The Warden’s Rule, if it can happen, it will happen (discussed by me in Freedom Evolves, 2003, 160–161), is something I picked up from somewhere—I’m sorry to say I have source amnesia for this. It is an improvement on “Murphy’s Law,” that whatever can go wrong will go wrong. It is an improvement because there are real circumstances where a version of it is true, not merely an amusing expression of pessimism. It is supposedly the maxim of every prison warden. Its rationale is that prisons are full of prisoners with time on their hands and a measure of patience and an inquisitive and competitive nature. They will exhaustively search every aspect of the system in which they are incarcerated looking for a way out, or a way of improving their condition, however arduous the path. How clever are the prisoners? Some are brilliant, others just dogged; if they share their discoveries it doesn’t much matter who gets credit for the innovations. Instead of testing them for intelligence, test their environments for opportunities. (In Elbow Room [1984], I described the existence of a bag of jewels in a trashcan a few feet away as a bare opportunity—if only I had known about it, I could have been rich, but I had no information at all that would lead me to check that trashcan for treasure.) According to the Warden’s Rule, even bare opportunities must be counted, since prisoners have nothing better to do than hunt for them. No trashcans go untested in a prison.

      Bare opportunities abound in the world of evolution, and it doesn’t take intelligence to stumble across them; it just takes lots of time for variations to arise and get tried. If there is information in an evolutionary environment, a difference that could make a difference to something that could detect or just respond to that difference, it will make a difference (generally—this is a rule of thumb), a difference that in turn can be amplified by reproduction, making a bigger difference and, in a recursive process, making the detection of that difference more likely in the future, and so forth. Yes, this is just another way of explaining how natural selection works, but it works this way all the way down, so that even simple molecular structures can be usefully seen to be like those persistent prisoners, ever delving, ever seeking an advantage that they can exploit to further their own “interests.” The prisoners have a single overarching goal: Escape! These agents have a different goal: Reproduce!

      When you put these two perspectives together, you get the methodology that bears such delicious fruit in the work of David Haig. Braitenberg’s Law invites us to work bottom up, starting with very simple agents, material genes, or even their elements, and treating them as dead stupid homunculi—as stupid as we can muster—with just one goal: reproduce! As François Jacob famously put it, “The dream of every cell is to become two cells,” but we can apply his vision one level (or more) lower than he did. When we do this, we recognize that individual tokens of a gene type are rather like a gang of brothers in prison. They are kin-altruistic or we can consider the siblings as a unit, a selfish unit. For many Warden-like purposes, it is easier to consider the opportunities available to a selfish gang. Their competitive nature is not so much an urge driving them from the inside (they are just parts of macromolecules, after all) as a systematic talent for taking advantage of opportunities if and when they arise. The reason we have to look at the strategic gene is that these gangs do have to work together. The copies in the germ line—the eggs and sperm—get to escape (and multiply, if they are lucky) thanks to the “efforts” of their brothers in the soma or body.

      So these families of little robots are like the simplest Braitenberg vehicles, and thanks to the law of downhill synthesis we can plot the opportunities that might arise, and the effect of a bunch of such vehicles “discovering” them. Where Haig speaks about what a genetic element can “expect” he is talking about the epistemic predicament facing these robots: is there any information in their immediate vicinity that they could (“in principle”) exploit to their advantage? Are there bare opportunities that they could discover by chance and then act on? Could they “recognize” an opportunity? They could in the only way such a robot can recognize anything, by trying it as a random stab and being “rewarded” by a benefit. If these opportunities are systematically available, then they are part of what the gang can expect.

      But even if we grant, for the sake of argument, or as a crutch for our imaginations, that we can interpret such mindless things as agents for some purposes, where does real agency kick in? How do we get from molecules to masterminds, from selfish genes to selfish (and altruistic) people? Haig tells us that “conscious intentions are special cases of a pervasive intentionality of living things,” and he has a lot to say about how these cases are special and how they might arise. Finding illumination in Adam Smith’s often-ignored masterpiece, The Theory of Moral Sentiments (1759), Haig constructs a version of morality that is distinctly Darwinian but a far cry from some of the simplistic versions of evolution-based ethical thinking currently in vogue. (In other words, any who have been unimpressed by applications of Darwinian thinking to ethics and political theory in relatively crude recent examples should give Haig a chance to salvage the perspective.) “Do I feel you feel I am somebody who can be trusted? Do I feel you feel I am somebody who can be exploited?” Haig builds a subtly interactive confection of genes, culture, and reason to provide an explanation of how “Integrity is born out of prudence.” Not by a miracle, but step by step, in a gradual series of moves to greater and greater complexity, more degrees of freedom to be controlled.

      Evolutionary biology has been blessed with many fine expositors, starting of course with Darwin himself. My admiration and gratitude to those fine authors has been often expressed and will not be repeated here, to save the reader from an honor roll that would either run on for pages or neglect somebody whose work has been particularly illuminating to me. David Haig stands out, even in this illustrious company, as a bountiful source of novel insights, a clarifier—and often, in my opinion, resolver—of controversies, a scholar both scrupulous and playful, who reminds me, as well as anybody alive can remind me, how glorious it is to think and understand.
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        Prologue: From the Beginning Was the Word

      
      Evolutionary theory can be a nasty business. Perhaps it has something to say about human nature.

      Most scientifically respectable evolutionary theories wear garments of math. I think of mathematical models as disciplined metaphors. We use x to represent something in the world, say slugs, and y to represent something else, say lettuces, then we analyze the relation of x to y using mathematics. We imagine that slugs and lettuces behave like x and y in the model, and then we use how x and y behave in the model to understand how slugs and lettuces behave in the world. Nobody can argue with mathematical models—that is one of the points of using mathematics—but there can be endless arguments about what you put into a model and what you leave out, and endless arguments about what the model means, because metaphors can be interpreted in many ways. I am not criticizing the use of metaphors—far from it, they are essential. All that we know about the world is metaphor. Our perceptions are a virtual reality, not the thing in itself but something that stands in the place of the thing. Phenomena are metaphors used to comprehend things. Don’t worry, this book contains almost no mathematics; but, if you don’t like metaphor, then this is probably a good time to return the book and ask for a refund.

      As an undergraduate, I was exhorted to eschew intentional idioms and, forty years later, I am still admonished for my “unscientific” language by anonymous reviewers who believe devoutly that such language should be suppressed. The moral tone in these criticisms suggests something important is at stake. Nobel Prize winners in the audience roll their eyes when I give public lectures. I am told that my choice of words expresses everything that is “soft” and unscientific about adaptationism as compared to the “hard” and rigorous sciences (rigor is stiffness in Latin). But when you listen closely to my critics, their own language abounds with reference to codes, signals, messages, and the like. When challenged, these tough-minded empiricists insist that these terms have strict physical meanings that do not invoke purposes. Most would reject, as absurd, a claim that they were using metaphor.

      If it were only about words, I would have had better things to do than write this book, and you would probably have better things to do than read it. I do not mean to disparage words. Spoken and written language are the expression of deep inner structures. The language that is censored says something about the values and fears of the censor. This book pays close attention to the meanings of words for four main reasons. The first is that languages evolve and provide useful analogies for thinking about genetic evolution. For example, the original reasons for particular turns of phrase can be forgotten, e.g., exempli gratia. The second is that meaning is the outcome of a process of interpretation and is specific to each interpreter. The same words will be interpreted differently and mean different things for each reader. As a result, many acrimonious disputes in the philosophy of biology are really quibbling about definitions rather than disputes about facts. The third is that the origin of language marked an extraordinary expansion in the lexical expressivity of the flux of meaning. The fourth, and most important, is that the beauty and diversity of language, like the beauty and diversity of the natural world, are wonders to behold.

      Over the years I have come to believe that many promising approaches in biology, some of agronomic or medical significance, are not pursued because they violate the philosophical presumptions of working biologists who are unaware of their own presumptions. Good ideas are rejected for bad reasons. The money that goes into publicly funded research could be better spent. I see the denial of a naturalized teleology—a teleology grounded in the powerful metaphor of natural selection—as one of these self-defeating presumptions. It is a refusal to acknowledge the obvious, that organisms do things for good reasons.

      The admonition that teleology has no place in science can be traced to the seventeenth century and the rejection of final causes as useful explanatory principles at the beginning of the Scientific Revolution. Final causes were one of the four categories of Aristotelian causes that had been a mainstay of medieval philosophy. In very rough terms, the material cause was the stuff out of which a thing was made; the formal cause was that which made of this stuff one kind of thing rather than another; the efficient cause was that which set a thing in motion; and the final cause was the purpose or end (telos), that for the sake of which the thing existed. The new materialist philosophy embraced material and efficient causes (matter in motion) but rejected final causes and had an ambivalent relation to formal causes. Lurking in the background was a separation of facts from values. An important scientific value was that facts were more important than values (irony intended), but if we were true scientists we should want to understand the origins of values and meanings.

      The main task of this book is to explain how a physical world of matter in motion, of material and efficient causes, gave rise to a living world of purpose and meaning, of final and formal causes. I will briefly sketch the book’s arguments so that you have some sense where it is heading. The key development in the history of life was the origin of writing, of materials that were copied and had effects in the world that directly or indirectly influenced a copy’s chance of being copied. These genetic materials do not create new matter from the void but rearrange existing matter to match a model. The successive copies are material things, not incorporeal ideas, but lineages of material genes preserve structure despite perpetual change in molecular substance. What is “communicated” from model to copy? One may call it information or simply form. Genetic materials can be considered formal causes. Aristotle would have said that the formal cause of our being human is that which makes of our material cause a human being. Human, chimpanzee, and slug bodies are built of the same materials but have different forms. Our bodies are more similar to the bodies of chimpanzees than to the bodies of slugs because we share more evolutionary history with chimpanzees than with slugs (one might say our formal causes are more similar).

      But copying alone does not get us anywhere: garbage in, garbage out. We want to feed in garbage at one end and obtain something useful at the other end (an egg perhaps). Let’s speak of eggs. Spinoza expressed a commonsense objection to final causes: the “doctrine of Final Causes turns Nature completely upside down, for it regards as an effect that which is in fact a cause, and vice versa. . . . It makes that which is by nature first to be last” (2002, 240). Common sense tells us that causes cannot come after their effects and a final cause appears to explain an earlier something by a later something, the goal the earlier something is intended to achieve. But common sense extrapolates an uncontroversial property of causes of particular events to a problematic restriction on causes of types of events. My favorite example, which will recur as a leitmotif throughout this volume, concerns chickens and eggs. It is unproblematic to ask whether this particular chicken was a cause of this particular egg. If the egg developed into the chicken, then the egg is a cause of the chicken. If the chicken laid the egg, then the chicken is a cause of the egg. But the question becomes problematic when we ask how generic chickens are causally related to generic eggs, because chickens then occur both before and after eggs. Eggs exist for the sake of becoming chickens and chickens for the sake of laying eggs.

      Final causes emerge from replicative recursion by the process we call natural selection. Genes and their effects are like eggs and chickens. A gene’s effects have a causal role in determining which genes are copied. A gene (considered as a lineage of material copies) persists if its lineage has been consistently associated with survival and reproduction. If possession of a gene is consistently associated with survival and reproduction then one can infer that the gene’s effects have causally contributed to the gene’s persistence. (A gene does not achieve anything except in the context of other genes and environmental inputs during a single life but, over the course of many generations, each gene is shuffled onto random backgrounds of other genes and this randomization allows natural selection to “infer” causation from correlation.) If past effects that have contributed to a gene’s persistence are recapitulated as effects of a current gene, then these effects exist for the sake of their cause and can be considered the gene’s raison d’être (or final cause). As a consequence of differential replication of alternatives, successful genes accumulate information about what has worked in the past. This information comes from the environment that selects.

      From this perspective, natural selection can be viewed as inductive reasoning about effective action: a gene’s effects are hypotheses about what works in the world, with confidence in a hypothesis increasing with the strength of past associations with favorable outcomes. But there is no guarantee that the world will not change. As David Hume wrote about inductive reasoning: “All inferences from experience suppose, as their foundation, that the future will resemble the past, and that similar powers will be conjoined with similar sensible qualities. If there be any suspicion that the course of nature may change, and that the past may be no rule for the future, all experience becomes useless, and can give rise to no inference or conclusion” (1748/2004, 22). What worked in the past need not work in the present because the world may have changed.

      But surely, some will argue, evolutionary intentionality is ersatz intentionality, a metaphor, not the real thing. Only beings like us have real intentions because only we can foresee the future. But we cannot know the future. There is no backward causation. Our intentions are anticipated outcomes. When I act with intention, I have an outcome in mind. My deliberation is past and my plan may misfire. The unintended products of natural selection can likewise be considered agents whose bodies and instinctive behaviors “anticipate” that what has worked in the past will work in the future.

      There remains a metaphysical sense in which all bodies of living things—including our own—can be considered nothing but matter in motion. Material causes of intricate structure have been shaped by unknowably complex chains of efficient causes that were set in motion before the origins of life. But this is a declaration of faith, not a practical procedure for understanding the world. Formal and final causes are human tools—furnaces and engines of discovery—that are both practical and fruitful for understanding living things. Their rejection as explanatory principles for biology throws the baby out with the placenta. The commandment of my undergraduate educators, thou shalt not use teleological language, is no more than a dogmatic insistence on ritual purity.

      The intentionality of natural selection is retrospective. But what worked in the past was observing the present and predicting the future. Organisms have evolved to be real-time interpreters of their worlds, to be users of information about the world to guide effective action in the world. Organisms deliberate and decide. The latter chapters of this book define meaning as the output of a process of interpretation, but I cannot fully justify that claim here. It is what the book is about. I will argue that there is a continuum from the very simplest forms of interpretation, instantiated in single RNA molecules near the origins of life, to the type of interpretation that is going on in your mind as you skeptically evaluate this sentence. My hope for this book is that an appreciation of this continuum of meaningful interpretation will help to reunite the humanities and sciences in a continuum of intellectual endeavor. I hope you give me a chance to make my case.

      So far I have talked about the book’s contents and goals, but it would also help to say something about its form. This book is intended to mirror the products of natural selection, which themselves mirror the creative process. And this intention, like the products of natural selection, was partly retrospective. I began to compile a collection of previously published and unpublished papers that I needed to tweak at the margins so that they worked together as a whole but soon recognized that my editorial choices were a metaphor of the evolutionary process. When I first wrote the texts that comprise this book I could not know my final destination. Natural selection similarly has no purposes or preordained ends but creates beings with intended meanings. It acts to solve small local problems but, in the process of solving small problems, it inadvertently solves larger problems because everything it does is inadvertent. I have spent most of my life attempting to solve small local difficulties in evolutionary theory but hope in the process to have solved some larger problems.

      Natural selection reuses old materials for new purposes. Its products are thereby comprised of parts of variable age that nevertheless must work together in some more-or-less coherent fashion. The resulting genomes are pastiche and so is this book. Its bricolage extends to the extensive use of quotations and paraphrase. If something has been said well, use it again. There is a saving of literary labor just as there is a saving of evolutionary labor. Darwin understood this principle well in a discussion of how old wheels, springs, and pulleys (slightly altered) can be repeatedly reused for new purposes, and I will repeatedly reuse his metaphor. One reason for not starting at the beginning and attempting to write a fully coherent whole that expresses how I see the world now is that I am a constantly changing fiction I tell myself. Some of my earlier selves may have understood the issues more clearly than I do now.

      This book was not started at the beginning and written through to the end with the oldest bits first and the newest bits last. If you choose, you can read it the same way, skipping ahead and then coming back for a second reading. In some of the chapters, I descend into messy biochemical details rather than provide a highly simplified version (although my scientific readers will consider my presentation highly simplified). You may choose to scan these sections without trying to comprehend the details, because my principal intent is to show the underlying complexity of some of the simplest things we do. But if you get the deconstructionist bug for following the flux of meaning in biological bodies, you might give a close reading to how internal messages are continuously reinterpreted in new molecular media. Finally, I believe that the humanities and sciences have much to say to each other, so I wished to express my ideas in a style that would engage both audiences at the risk of enraging both and being ignored by both. Much of the prose was originally written under the constraints of meeting the selective criteria of scientific reviewers, and it shows. But the freedom from these constraints as I have revised the text has been liberating.

      One of the unintended outcomes of thinking about what I meant by a gene was a new way of thinking about meaning. Meaning does not reside in the input to the reader but in the output: whatever the reader interprets a text to mean. I hope that some of your interpretations will be both complimentary and complementary, but once a text has been written its meanings reside with its readers. This book does not claim to have discovered a “truth” but to present ways of thinking about the world, and of interpreting words, that I have found useful and hope you might find useful.

      
        
          Don’t know much about history

          Don’t know much biology

          Don’t know much about a science book,

          Don’t know much about the French I took

          But I do know that I love you,

          And I know that if you love me, too,

          What a wonderful world this would be.

        

        —Sam Cooke, Lou Adler, Herb Alpert

      

    
  
    
      
        1 Barren Virgins

      
      
        Like most philosophers of his age, he coquetted with those final causes which have been named barren virgins, but which might be more fitly termed the hetairæ of philosophy, so constantly have they led men astray.

        —T. H. Huxley (1869)

      

      Francis Bacon failed to attain the preferment he desired under Queen Elizabeth (1558–1603) but aspired to rise higher in the administration of King James (1603–1625). His Advancement of Learning (Bacon 1605/1885) was dedicated to the new king and presented proposals for a reformation of education and scholarship with a shift in focus from book-learning and the classics to practical arts and experimental science. Book II opened with a direct address to James:

      
        It might seem to have more convenience, though it comes often otherwise to pass (excellent king), that those which are fruitful in their generations, and have in themselves the foresight of immortality in their descendants, should likewise be more careful of the good estate of future times, unto which they know they must transmit and commend over their dearest pledges. Queen Elizabeth was a sojourner in the world in respect of her unmarried life, and was a blessing to her own times; and yet so as the impression of her good government, besides her happy memory, is not without some effect which doth survive her. But to your Majesty, whom God hath already blessed with so much royal issue, worthy to continue and represent you for ever, and whose useful and fruitful bed doth yet promise many the like renovations, it is proper and agreeable to be conversant not only in the transitory parts of good government, but in those acts also which are in their nature permanent and perpetual. Amongst the which (if affection do not transport me) there is not any more worthy than the further endowment of the world with sound and fruitful knowledge. (76–77)

      

      Elizabeth was a hard act to follow, but Bacon flattered James by alluding to his greater sexual potency. The theme of fruitless females and fruitful males returned in a plea for funding experimental science:

      
        Another defect I note, wherein I shall need some alchemist to help me, who call upon men to sell their books and to build furnaces, quitting and forsaking Minerva and the Muses as barren virgins, and relying upon Vulcan. . . . There will hardly be any main proficience in the disclosing of nature, except there be some allowance for expenses about experiments; whether they be experiments appertaining to Vulcanus or Dædalus, furnace or engine, or any other kind. And therefore as secretaries and spials of princes and states bring in bills for intelligence, so you must allow the spials and intelligencers of nature to bring in their bills; or else you shall be ill advertised. (80)

      

      Bacon assigned physics and metaphysics to distinct domains of scholarship:

      
        Physic should handle that which supposeth in nature only a being and moving; and metaphysic should handle that which supposeth further in nature a reason, understanding, and platform. . . . The one part which is physic, inquireth and handleth the material and efficient causes; and the other which is metaphysic, handleth the formal and final causes. Physic (taking it according to the derivation, and not according to our idiom for medicine) is situate in a middle term or distance between natural history and metaphysic. For natural history describeth the variety of things; physic the causes, but variable or respective causes; and metaphysic the fixed and constant causes. (114)

      

      The focus of the new learning was to be empirical. Fixed and constant causes were of no practical use. Bacon rejected emphatically a role for final causes in the physical domain:

      
        For the handling of final causes, mixed with the rest in physical inquiries, hath intercepted the severe and diligent inquiry of all real and physical causes, and given men the occasion to stay upon these satisfactory and specious causes, to the great arrest and prejudice of further discovery. . . . They are indeed but remoraes and hindrances to stay and slug the ship from further sailing; and have brought this to pass, that the search of the physical causes have been neglected and passed in silence. (118–119)

      

      Bacon prospered under James, being appointed Solicitor General (1607), Attorney General (1613), Lord Chancellor (1618), Baron Verulam (1618), and Viscount St. Alban (1621). Then, he was found guilty of corruption by a parliamentary committee of his enemies and removed from public office (1621). He devoted his remaining years to scholarship. De dignitate et augmentis scientiarum was published in 1623 as an expanded Latin version of The Advancement of Knowledge. In a new section on the practical doctrine of nature, he compared final causes to fruitless females:

      
        Physica siquidem et inquisitio causarum efficientium et materialium producit mechanicam: at metaphysica et inquisitio formarum producit magiam; nam causarum finalium inquisitio sterilis est, et, tanquam virgo Deo consecrata, nihil parit. (Bacon 1623/1829, 192)

      

      In rough paraphrase: “Physics, the investigation of efficient and material causes, produces mechanics, whereas metaphysics, the investigation of forms, produces magic; but the investigation of final causes, like a virgin consecrated to God, gives birth to nothing.” Final causes were without practical application. The principal referrents of virgo Deo consecrata for Bacon’s contemporaries would have been Catholic nuns, but, by the nineteenth century, Bacon is commonly interpreted as having alluded to the vestal virgins and to have described final causes as “barren virgins.” In my readings, Bacon never refers to final causes as “barren virgins,” an epithet he reserved for Minerva and the Muses, although virgo Deo consecrata nihil parit meant more or less the same thing.

      René Descartes’s (1641/2011) Fourth Meditation similarly rejected a place for final causes in physics, in his case, because the mind of God was inscrutable:

      
        Since I already know that my nature is very weak and limited and that the nature of God is immense, incomprehensible and infinite, I also know from this that there are innumerable things of which I do not know the causes. For this reason alone, I think there is no role in physics for that whole class of causes which are usually sought in purposes, because I think I cannot investigate God’s purposes without temerity. (39)

      

      Descartes returned to this theme in his Principles of Philosophy (1647/1983):

      
        And so, finally, concerning natural things, we shall not undertake any reasonings from the end which God or nature set Himself in creating these things, and we shall entirely reject from our Philosophy the search for final causes: because we ought not to presume so much of ourselves as to think that we are confidants of His intentions. (14)

      

      Neither Bacon nor Descartes rejected final causes outright, but both believed they should be kept in their place. And that place was not physical inquiry. The allocation of efficient and final causes to separate domains of inquiry has been a long-lasting compromise to which many would subscribe today. Thus William Whewell opined:

      
        Final causes are to be excluded from physical inquiry; that is, we are not to assume that we know the objects of the Creator’s design, and put this assumed purpose in the place of a physical cause. The physical philosopher . . . [makes] no use of the notion of final causes: and it is precisely because he has thus established theories independently of any assumption of an end, that the end, when after all it returns upon him and cannot be evaded, becomes an irresistible evidence of an intelligent legislator. . . . Bacon’s comparison of final causes to the vestal virgins is one of those poignant sayings, so frequent in his writings, which it is not easy to forget. . . . If he had had occasion to develope his simile, full of latent meaning as his similes so often are, he would probably have said, that to these final causes barrenness was no reproach, seeing they ought to be, not the mothers but the daughters of our natural sciences; and that they were barren, not by imperfection of their nature but in order that they might be kept pure and undefiled, and so fit ministers in the temple of God. (1833, 266)

      

      
        Form and Function

        The seventeenth-century exclusion of formal and final causes from scientific explanation bore abundant fruit in investigations of the nonliving world, but nonphysical causes continued to be used as explanatory principles in the study of living beings: teleological concepts of the physiological (normal) and pathological (abnormal) were central to medicine and physiology; naturalists interpreted the intricate adaptations of plants and animals as evidence of a Creator; embryologists interpreted development as proceeding toward a final form. For theists, the compromise of separate explanatory domains of science and theology allowed bodies to be viewed as mechanisms whose form and function revealed the wisdom and beneficence of a divine legislator.

        The structures of living things showed clear evidence of aptness for function, but organisms of different species exhibited structural similarities that were difficult to explain solely in terms of a shared purpose. Skeletons of sperm whales possessed pelvic bones, like other mammals, despite the absence of hind limbs. Ostriches had wings, like other birds, but were unable to fly. Mysterious laws of form appeared to exist independent of final causes. The living world contained individuals that belonged to species that could be grouped into genera that could be grouped into more inclusive categories on the basis of “affinities” revealed in correspondences of form or structure. No two individuals were exactly alike, but the members of a species belonged together as deviations from an ideal form. The “same” generic parts could be recognized in different species albeit with specific differences. Taxonomists attempted to bring order to the abundance of living forms with the search for a “natural” system of classification.

        Morphology, a term coined by Goethe, developed in the nineteenth century as a science of form. Comparative anatomists found similarities of inner structure despite superficial differences of outward form and looked for nonmaterial principles of explanation. Georges Cuvier championed “des conditions d’existence, vulgairement nommé des causes finales” (“the conditions of existence, commonly named final causes”) (1817, 6) as determining animal form, but others recognized aspects of form that were inexplicable in terms of function. Étienne Geoffroy Saint-Hilaire propounded a unity of organic composition behind the seductions of form and function. He envisaged a single plan expressed in the diverse forms of all animals (Le Guyader 2004). Their disagreements came to a head in a series of debates before the French Academy of Sciences in 1830. Cuvier was generally interpreted as having bested Geoffroy in these debates.

        In Indications of the Creator, William Whewell expressed confidence in the doctrine of final causes:

        
          The assumption of hypothetical final causes in physics may have been, as Bacon asserts it to have been, prejudicial to science; but the assumption of unknown final causes in physiology, has given rise to the science. The two branches of speculation, Physics and Physiology, were equally led, by every new phenomenon, to ask their question, “Why?” But, in the former case, “why” meant “through what cause?” in the latter, “for what end?” And though it may be possible to introduce into physiology the doctrine of efficient causes, such a step can never obliterate the obligations which the science owes to the pervading conception of a purpose contained in all organization. (1845, 21)

        

        In distinctly Kantian terms, Whewell saw final causes as constitutive of understanding in both the organic and inorganic worlds but regulative of reasoning about the organic world:

        
          This Idea of a Final Cause is applicable as a fundamental and regulative idea to our speculations concerning organized creatures only. That there is a purpose in many other parts of creation, we find abundant evidence to believe from the arrangements and laws which prevail around us. But this persuasion is not to be allowed to regulate and direct our reasonings with regard to inorganic matter, of which conception the relation of means and ends forms no essential part. In mere Physics, Final Causes as Bacon has observed, are not to be admitted as a principle of reasoning. But in the organical sciences, the assumption of design and purpose in every part of every whole, that is, the pervading idea of Final Cause, is the basis of sound reasoning and the source of true doctrine. (49)

        

        Richard Owen had at first sided with Cuvier and final causes, but his further studies caused him to reconsider his position (Owen 1868, 787). Although he was not ready to derive all forms from a single transcendent plan, he nevertheless recognized a unity of type in the forelimbs of moles, horses, bats, and whales despite disparate functions (Owen 1849). Structural correspondences, in some ill-defined way, expressed “ideas” that were independent of use and details of form. As a result of these studies he found “the artifice of an archetype vertebrate animal was as essential as that of the archetype plant had been to Goethe in expressing analogous ideas; and as the like reference to an ‘ideal type’ must be to all who undertake to make intelligible the ‘unity in variety’ pervading any group of organisms” (Owen 1868, 788). He expressed the continuing discontent of many morphologists with final causes, using a familiar metaphor (Owen 1849, 40):

        
          A final purpose is indeed readily perceived and admitted in regard to the multiplied points of ossification of the skull of the human foetus, and their relation to safe parturition. But when we find that the same ossific centres are established, and in similar order, in the skull of the embryo kangaroo, which is born when an inch in length, and in that of the callow bird that breaks the brittle egg, we feel the truth of Bacon’s comparisons of “final causes” to the Vestal Virgins, and perceive that they would be barren and unproductive of the fruits we are labouring to attain, and would yield us no clue to the comprehension of that law of conformity of which we are in quest.

        

      
      
        Darwinian Nuptials

        By the mid-nineteenth century, the mechanical philosophy had secured the field of the physical sciences but the tangled bank of biology remained contested ground. Charles Darwin’s notes from 1838 contain the following:

        
          The Final Cause of innumerable eggs is explained by Malthus.—[is it anomaly in me to talk of Final causes: consider this!—] consider these barren Virgins. (Barrett et al. 1987, 637)

        

        These cryptic words can be interpreted in many ways. An interpretation I find attractive is that “barren virgins” refers to the innumerable eggs (most will die without issue); the Malthusian struggle for existence explains why eggs are produced in such large numbers; and the parenthetical note is an injunction to consider whether natural selection eliminated final causes from the living world or explained them.

        In On the Origin of Species, Darwin wrote:

        
          It is generally acknowledged that all organic beings have been formed on two great laws—Unity of Type, and the Conditions of Existence. By unity of type is meant that fundamental agreement in structure, which we see in organic beings of the same class, and which is quite independent of their habits of life. On my theory, unity of type is explained by unity of descent. The expression of conditions of existence, so often insisted on by the illustrious Cuvier, is fully embraced by the principle of natural selection. . . . The law of the Conditions of Existence is the higher law; as it includes, through the inheritance of former adaptations, that of Unity of Type. (1859, 206)

        

        Thus Darwin explained unity of type by transformation in actual evolutionary time rather than abstract formal space and was able to reconcile similarity of structure with divergence of function.

        In one of the first reviews of On the Origin of Species, T. H. Huxley suggested that Darwin had charted a course past the sirens of teleology:

        
          The path he bids us follow professes to be, not a mere airy track, fabricated of ideal cobwebs, but a solid and broad bridge of facts. If it be so, it will carry us safely over many a chasm in our knowledge, and lead us to a region free from the snares of those fascinating but barren Virgins, the Final Causes, against whom a high authority has so justly warned us. (1859, 9)

        

        Huxley had missed the head of the nail. Darwin returned to the relation between past and current utility in On the Various Contrivances by which British and Foreign Orchids Are Fertilised by Insects:

        
          Although an organ may not have been originally formed for some special purpose, if it now serves for this end we are justified in saying that it is specially contrived for it. On the same principle, if a man were to make a machine for some special purpose, but were to use old wheels, springs, and pulleys, only slightly altered, the whole machine, with all its parts, might be said to be specially contrived for that purpose. Thus throughout nature almost every part of each living being has probably served, in a slightly modified condition for diverse purposes, and has acted in the living machinery of many ancient and distinct specific forms. (1862, 348)

        

        Darwin believed that investigation of the usefulness “of each trifling detail of structure is far from a barren search to those who believe in natural selection,” but he added the following important caveat:

        
          I do not here refer to the fundamental framework of the plant, such as the remnants of the fifteen primary organs arranged alternately in the five whorls; for nearly all of those who believe in the modification of organic beings will admit that their presence is due to inheritance from a remote parent-form. (1862, 352)

        

        Huxley continued to grapple with the relation between natural selection and final causes. In a review of Ernst Haeckel’s Natürliche Schöpfungs-Geschichte, he opined:

        
          Perhaps the most remarkable service to the philosophy of Biology rendered by Mr. Darwin is the reconciliation of Teleology and Morphology, and the explanation of the facts of both which his views offer. (1869a, 13)

        

        But this was a reconciliation without enthusiasm. Huxley now recognized two kinds of teleology. The first was

        
          the Teleology which supposes that the eye, such as we see it in man or one of the higher Vertebrata, was made with the precise structure which it exhibits, for the purpose of enabling the animal which possesses it to see. (1869a, 14)

        

        This kind of teleology had “undoubtedly received its death-blow” from the doctrine of evolution. The appearance of purpose could be explained by mechanical processes without recourse to final causes. Morphology had been reconciled with a corpse. The second was a “wider Teleology” that viewed the universe as a vast mechanism with an undisclosed purpose. This wider teleology was untouched by the doctrine of evolution but was a subject on which the scientific investigator must remain agnostic:

        
          If the teleologist assert that this, that, or the other result of the working of any part of the mechanism of the universe is its purpose and final cause, the mechanist can always inquire how he knows that it is more than an unessential incident—the mere ticking of the clock, which he mistakes for its function. And there seems to be no reply to this inquiry, any more than to the further, not irrational, question, why trouble one’s self about matters which are out of reach, when the working of the mechanism itself, which is of infinite practical importance, affords scope for all our energies? (1869a, 14)

        

        Huxley still heeded Bacon’s admonition that final causes were barren virgins irrelevant to practical inquiry.

        Asa Gray announced that Darwin had not merely reconciled teleology and morphology but had united them in fertile marriage:

        
          Let us recognise Darwin’s great service to Natural Science in bringing back to it Teleology: so that, instead of Morphology versus Teleology, we shall have Morphology wedded to Teleology. In many, no doubt, Evolutionary Teleology comes in such a questionable shape, as to seem shorn of all its goodness; but they will think better of it in time, when their ideas become adjusted, and they see what an impetus the new doctrines have given to investigation. They are much mistaken who suppose that Darwinism is only of speculative importance and perhaps transient interest. In its working application it has proved to be a new power, eminently practical and fruitful. (1874, 81)

        

        Darwin wrote to Gray in rapid response:

        
          What you say about Teleology pleases me especially, and I do not think anyone else has ever noticed the point. I have always said you were the man to hit the nail on the head. (F. Darwin 1898, 367)

        

        What was “the point” that so gratified Darwin? Most commentators have interpreted this to be Gray’s statement that Darwin had wedded Morphology and Teleology, but this reading has problems not least of which is Huxley’s earlier statement that such a reconciliation was Darwin’s “most remarkable service to the philosophy of Biology” (emphasis added). Perhaps, ‘the point’ was what Gray said about the practice of Biology and the impetus to investigation. Final causes were far from barren virgins. They were powers both practical and fruitful.

      
      
        An Unconsummated Union?

        
          In two groups of animal, however much they may at present differ from each other in structure and habits, if they pass through the same or similar embryonic stages, we may feel assured that they have both descended from the same or nearly similar parents, and are therefore in that degree closely related. Thus, community in embryonic structure reveals community of descent.

          —Charles Darwin (1859)

        

        In On the Origin of Species, Darwin argued that comparative embryology revealed resemblance among related forms because of common descent and differences because of divergent adaptation. He presented his theory of descent with modification as unifying what had been perceived as the conflicting demands of unity of type and conditions of existence. But Darwin’s marriage of form and function was the unwitting source of an estrangement between the study of embryological development, a goal-directed process, and the study of evolutionary transformation by natural selection, a process without a preordained end.

        For Aristotle, telos could refer to an endpoint toward which a thing moved or the utilitarian purpose that motivated an action. Since Aristotle, these senses of final cause, of goal and utility, had often been entangled. In the first half of the nineteenth century, “evolution” was generally used to refer to the process of development whereby a thing of one form (an egg or embryo) gave rise to a thing of another form (an adult). In this context, the end (telos) of the living thing was the achievement of its form (eidos). The use of “evolution” to refer to changes of form within a generation was sometimes extended to changes in form across many generations—the modern sense of the term—often with the associated belief that there was an analogy between the two processes of change and that understanding the former would provide insight into the latter. One might say that the emphasis of many nineteenth-century German morphologists was on the goal-directedness of development whereas the emphasis of British naturalists was on utilitarian function (German Zweck has stronger connotations of “goal” or “target” than English purpose).

        From his extensive studies of the late-nineteenth century literature, the historian of science Peter Bowler (1983, 1992) concluded that On the Origin of Species catalyzed a widespread acceptance of evolutionary change among biologists but that Darwin’s mechanism of natural selection was largely dismissed. Theories of evolutionary transformation were modeled instead on orderly, goal-directed processes of development. As one example, in On Orthogenesis and the Impotence of Natural Selection in Species-Formation, Theodor Eimer wrote:

        
          Orthogenesis shows that organisms develop in definite directions without the least regard for utility through purely physiological causes as the result of organic growth. (1898, 2)

        

        Such theories embraced the sense of final cause (directedness) that Darwin rejected but rebuffed the sense of final cause (utility) that Darwin embraced. The “evolutionary synthesis” or “modern synthesis” refers to an ill-defined period in the first half of the twentieth century during which evolution by natural selection was recognized as being compatible with Mendelian genetics. A common claim of those now calling for a reformation of evolutionary theory is that developmental biology was “excluded” from the synthesis of this earlier period. Another interpretation is that most leading embryologists in this period chose not to join because they were skeptical about the relevance of natural selection and Mendelian genetics for understanding processes of development (Hamburger 1980).

      
      
        Reduction to Mechanism

        Despite Darwin’s attempted naturalization of organic purposes, the charms of evolutionary teleology were spurned by most experimental biologists. This was associated with a major shift toward explanations of living things in terms of physics and chemistry. During the nineteenth century, this shift can be seen first in physiology and then in the emerging fields of biochemistry, cell biology, and experimental embryology. The inorganic and organic worlds were seen as subject to the same fundamental laws. Because final causes had long been rejected by physicists and chemists, they were also rejected by those who wanted to subsume biology under chemistry and physics. The rise of mechanistic biology was well underway in the nineteenth century and became the dominant strain of twentieth-century biology.

        As early as 1842, Emil du Bois-Reymond and Ernst Brücke had sworn to uphold the truth that the only forces active within organisms were physicochemical forces (du Bois-Reymond 1918, 108). Hermann Helmholtz and Carl Ludwig joined the oath-takers in a program to reform physiology in purely physicochemical terms (Cranefield 1957). Helmholtz spelled out the consequences of his principle of “conservation of force” for living things:

        
          There may be other agents acting in the living body, than those agents which act in the inorganic world; but those forces, as far as they cause chemical or mechanical influences in the body, must be quite of the same character as inorganic forces, in this at the least, that their effects must be ruled by necessity, and must be always the same, when acting in the same conditions, and that there cannot exist any arbitrary choice in the direction of their actions. (1861, 357)

        

        For most mechanists, the conservation of force negated the possibility that organisms could be unmoved movers, capable of arbitrary choices without prior physical cause.

        The “mechanistic revolution” has been far more important than the “Darwinian revolution” in shaping the experimental practices and scientific philosophies of most modern biologists. Darwinism has not been central to their work. Some welcomed the justification that the evolutionary hypothesis provided for fundamental similarities in the inner workings of diverse organisms because it justified medically relevant research in yeast. Others saw Darwinism as a vindication of materialism and a justification for the elimination of final causes from nature. Many found the metaphor of natural selection to be scientifically suspect, especially its intentional overtones.

        By the mid-twentieth century, mechanism had stormed the ramparts of biology and cleared the field for material and efficient causes. There were always some biologists who championed nonphysical causes, but they increasingly presented themselves as heretics against the rigid orthodoxy of hegemonic mechanism. During my own education, I was repeatedly warned against teleological thinking, and its close cousin anthropomorphism, by lecturers who spoke of the heart as a pump for the circulation of blood and of RNAs as messengers for the translation of proteins. The seventeenth-century rejection of a role for final causes in scientific inquiry has had long-lasting effects on the ideology of working scientists. Concepts of purpose and function shape the practice of biology—this is the natural way to think about living things—but the overt language of teleology is censored. Final causes are shunned as fruitless females who remain anathema to the virile vulcans of hard science.

      
    
  
    
      
        2 Social Genes

      
      The Selfish Gene (Dawkins 1976) was published the year before I entered Macquarie University as an undergraduate and remains in print more than forty years later with millions of copies sold. It is a book that arouses strong emotions. For many of its admirers, its lucid presentation of difficult ideas made new sense of life. For many of its critics, it was a bad (even evil) book. Some saw its message as “We are fundamentally selfish and our better natures are an illusion”; others objected to the denigration of organisms and glorification of genes; yet others objected to the superficiality of viewing cultural change as the selfish propagation of alternative memes. A common thread runs through many of these negative (and contestable) reactions, a skein of unacknowledged mind–body dualism. The Selfish Gene unabashedly used the language of agency and purpose in describing the products of natural selection. Many biologists, especially those seeking a union of the life and physical sciences, would expunge all talk of meaning and purpose from biology because this sullies the purity of their science. Others objected to Richard Dawkins using the language of agency for genes because agency was the proper preserve of human beings. Sometimes these critics were the same reader.

      The Selfish Gene emphatically rejected popular notions that evolution acts for the “good of the group” or “good of the species.” Natural selection, Dawkins argued instead, promotes the good of the individual or gene. The Selfish Gene, for the most part, equated individual and genetic fitness but favored the gene, rather than individual, as the fundamental beneficiary of adaptation. Genes were potentially immortal, passing through long series of mortal bodies, each of which was summarily discarded. These disposable bodies were viewed as elaborate survival machines evolved for the support and propagation of their genetic inhabitants.

      “Good-of-the-group” arguments did not disappear, however. Group selection had its own passionate advocates who engaged in heated polemics with supporters of the selfish gene. David Sloan Wilson (1980), in particular, developed models in which individuals benefited from working together in groups. His mathematics was error-free, but the assumptions and interpretations of his models were vehemently attacked. His “groups,” it was argued, were not really groups; or his models described individual-level selection, not group-level selection, because individuals benefited from being members of groups rather than sacrificed themselves for the group; and so on. Wilson responded in kind and hostilities escalated.

      The defenders of groups argued that selection and adaptation can occur at more than one level: among groups of individuals, among individuals within groups, among cells within individuals, and among genes within cells. Selection of genes occurred at the lowest level of this hierarchy, but genes did not constitute a privileged level of fitness or adaptation. This perspective was generally labeled “hierarchical selection” in the 1980s but is now more commonly known as multilevel selection. The Google Ngram Viewer suggests the crossover year, from numerical excess of “hierarchical selection” to a preponderance of “multilevel selection,” was 1996. I suspect that political considerations contributed to this intriguing memetic shift, with the pluralistic and inclusive connotations of “multilevel” found more appealing than the authoritarian and aristocratic associations of “hierarchy.”

      It is impossible to read the arguments for and against multilevel selectionism without detecting political subtexts. The proponents of multiple levels of selection tended to present their models as showing that individuals (by implication ourselves) were kinder, gentler, and less selfish than how individuals were portrayed by gene-selectionists. This was resented by gene-selectionists who felt unfairly portrayed as defenders of selfishness. Beneath the acrimony, both camps were positing a less selfish individual, with selfishness either displaced onto genes or distributed across multiple levels. It seemed to me that the two sides were using a common vocabulary to mean different things. Their disagreements were largely semantic. Both sides were right in their own terms.

      I did not read The Selfish Gene until sometime in the 1980s, and encountered the ideas of David Lack, George Williams, Bill Hamilton, Robert Trivers, and John Maynard Smith in their own words, rather than through Richard Dawkins’s elegant prose. Therefore, The Selfish Gene did not change my life as many have told me it changed their lives, but I did read Dawkins’s second book, The Extended Phenotype, soon after its publication in 1982, and that book was a revelation at the start of my doctoral studies. The Extended Phenotype was for me a radical book that undermined the unity of the individual. Dawkins wrote: “I see the concept of inclusive fitness as the instrument of a last-ditch rescue attempt, an attempt to save the individual organism as the level at which we think about natural selection.” In Dawkins’s view, a gene was subject to selection on how its phenotype—its effects in the world—promoted the gene’s own propagation. These selectable effects could be extended beyond the boundaries of an individual’s body into the inanimate environment and into the bodies of other individuals, even individuals of other species. Dawkins expressed his “central theorem” of the extended phenotype as follows: “An animal’s behaviour tends to maximize the survival of the genes ‘for’ that behaviour, whether or not those genes happen to be in the body of the particular animal performing it” (1982, 233).

      A second strand of The Extended Phenotype was dissension among genes within organisms. Different genes pursued divergent ends. Genes on the sex chromosomes favored different actions than genes on other chromosomes. Genes in the nucleus and mitochondria disagreed about the value of sons. Segregation distorters were outlaws that flourished at the expense of law-abiding Mendelian conformists. Transposable elements favored their own proliferation with scant regard for benefits to their bodily hosts. I became a convinced gene-selectionist and an advocate of intragenomic conflict. The remainder of this chapter, beginning with the next sentence, is the oldest stratum of the book you are currently reading.

      The Extended Phenotype viewed the complex behaviors and structures that have evolved by processes of natural selection as adaptations for the good of the relevant genes (replicators) rather than for the good of individual organisms (vehicles). A common criticism of this view has been that organisms are integrated wholes, in which no gene can replicate without the assistance of many others. The implicit metaphor is of the organism as a machine, with genes as instructions for the assembly of the machine’s component parts. But an alternative metaphor is possible: genes as members of social groups. Societies, like machines, can display intricate mutual dependence and elaborate divisions of labor; but, unlike machines, societies are not designed. Cooperation and coordination cannot be assumed; when present, they must be explained. Social theories vary in the causal relations they posit between individuals and the societies of which they are members: some theories emphasize the power of individual actions to shape society, whereas others emphasize the social constraints on individual freedom. This chapter views properties of organisms as social phenomena that arise from the actions of individual genes, and explores the internal conflicts that can disrupt genetic societies and the social contracts that have evolved to mitigate these conflicts.

      Gene-centered theories are often reviled because of their perceived implications for human societies. But even though genes may cajole, deceive, cheat, swindle, or steal, all in pursuit of their own replication, this does not mean that persons must be similarly self-interested. Organisms are collective entities (like firms, communes, unions, charities, teams), and the behaviors and decisions of collective bodies need not mirror those of their individual members. As I write this paragraph, my replicators—my genes and my memes—are in constant debate, even dissension, yet somehow I muddle through. I am glad I am not a unit of selection.

      
        Genes as Strategists

        Genes are catalysts. They facilitate chemical reactions but are not themselves consumed. A gene influences its own probability of replication by the reactions it catalyzes, usually indirectly via transcripts and translated products. These effects can be likened to the gene’s strategy in an evolutionary game. When, where, and in what quantity the gene is expressed is part of that gene’s strategy to the extent that changes in the gene’s sequence (mutations) could produce a different pattern of expression. The evolutionary theory of games (Maynard Smith 1982) has usually been phrased in terms of payoffs to individuals rather than their genes. This sleight of hand is possible because outcomes that enhance an individual’s reproductive success also enhance the transmission of most (if not all) of the individual’s genes.

        Individual and genetic payoffs are no longer in close harmony when an individual’s actions affect the reproductive success of relatives or when conflicts occur within an individual’s genome. Interactions among relatives can be reconciled with an individualistic perspective by recourse to the concept of inclusive fitness (Hamilton 1964); but intragenomic conflicts pose a more intractable problem, because an individual’s fitness, inclusive or otherwise, is ill-defined when different genes have different fitnesses. Such conceptual difficulties do not arise if genes, rather than individuals, are treated as the strategists.

        Why use strategic thinking, which anthropomorphizes genes, instead of the well-developed infrastructure of population genetics? My reasons are pragmatic. Molecular biology reveals that genes are much more sophisticated than the stolid dominant or recessive caricatures of classical genetics. A gene may be expressed in some tissues, and some environments, but not in others; may have multiple alternative transcripts; may respond to signals from other genes; may have a history (be expressed when maternally derived but silent when paternally derived); and so on. Such complexities are difficult to model by traditional genetic methods. Game theory, however, allows evolutionarily stable strategies to be selected from among a large range of alternative patterns of gene expression. The realism of a strategic analysis depends on the realism of the set of alternatives from which candidate strategies are chosen. Some conceivable strategies may be unavailable in the real world, but too restricted a set of alternatives can also mislead.

      
      
        Kinds of Genes

        There are at least two defensible answers to the question “How many words in this book?” The first is the number tallied by the word processor of my computer. In this answer, a word is a string of characters terminated by a space or punctuation mark. Each time “vehicle” appears it is an extra word added to the tally. The second is the size of my vocabulary. In this answer, “replicator” counts as a single word no matter how many times it appears. Gene has a similar ambiguity. It can refer to the group
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