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    This book is a mixture of historical attention to Darwin's texts and philosophical attention to questions that arise in Darwin's theory and in the evolutionary biology that his theory initiated. This is not a work of hagiography, but neither does it treat Darwin's work as an object of merely antiquarian curiosity.

    The first chapter examines a simple but fundamental question about how Darwin organized his argument in the Origin of Species. The two big ideas in Darwin's theory are common ancestry and natural selection. Why did Darwin put selection first and foremost in the Origin and allow his views about common ancestry to emerge only gradually and as a secondary theme? This is a question about Darwin's rhetoric— the strategy he used to lay out his argument. The question becomes pressing when we look at Darwin's logic—at how the elements of his theory are related to each other and to the evidence he assembles.

    Chapter 2 discusses Darwin's views about group selection. My exposition begins in the 1960s, then moves to the present, and then time travels back to 1859. The idea that traits evolve because they are good for the group was criticized in the 1960s, not just for being factually mistaken, but for embodying a kind of mushy thinking that is fundamentally at odds with the logic that Darwin's theory requires. The 1960s are very much alive today, in that many biologists still regard the concept of group selection as a snare and a delusion. However, a countermovement has arisen since the 1960s called multilevel selection theory, according to which selection acts at multiple levels, including the level of the group. After briefly outlining the 1960s attack on group selection and the concept's subsequent revival, I examine Darwin's views on the subject. I do so by analyzing his reasoning about four examples: human morality, the barbed stinger of the honeybee, neuter workers in species of social insect, and the sterility of many interspecies hybrids. I then consider Darwin's general position on the role of group selection in evolution.

    Chapter 3 is a selective history of attempts to explain sex ratio. The problem arises in connection with every sexual species. Why, for example, do human populations have approximately equal numbers of males and females? This question was addressed in the eighteenth century by three important probabilists who understood it in terms of the design argument for the existence of God. A century later, Darwin tried to use his theory of natural selection to solve the problem, but he gave up in frustration, hoping that the evolutionary biology of the future would do better. His hope came true. Sex ratio is an interesting case study, since it is a problem at which both intelligent-design theorists and evolutionary biologists have had a go. Evolutionary biology has succeeded where creationism has failed—in formulating hypotheses that make predictions about future observations rather than simply being able to accommodate past ones.

    Chapter 4 concerns methodological naturalism, a philosophical position that is absolutely central to modern science. Methodological naturalism says that science should not make claims about God. I begin the chapter by describing what Darwin says about God in the Origin. Do Darwin's remarks represent a violation of methodological naturalism? Answering this question leads to a refinement of what this ism means. I then explore how the theory of evolution is related to three theistic positions—creationism, deism, and the view that evolutionary theory is true but incomplete because God's interventions in nature sometimes supplement the causes that the theory describes. It is obvious that the theory is incompatible with creationism, and it is a familiar point that evolutionary theory is logically compatible with deism. It is less often recognized that evolutionary theory also is compatible with some interventionist theologies. I defend this thesis of compatibility by clarifying the biological claim that mutations are “undirected.” I do so, not because I want to endorse the thesis that God intervenes in nature, but because I think it important that theists and atheists both recognize that evolutionary theory really is neutral on this question. I then consider three defenses that have been made of methodological naturalism—that science, by definition, is an enterprise that excludes claims about supernatural deities; that claims about the supernatural are untestable; and that including such claims in scientific theories would bring science to a stop. After criticizing these arguments, I provide a more modest defense of methodological naturalism.

    In the postscript (chapter 5), I revisit some themes introduced earlier and expand on them. This chapter is more technical than the ones that come before, and the focus is on contemporary evolutionary theory, not on Darwin. From chapter 1, there is the use of a principle of parsimony to reconstruct the character states of ancestors and the question of how hypotheses about adaptation can be tested. Drawing on material from chapter 2, on the units of selection, I discuss conventionalism versus realism as well as the difference between units of selection and units of adaptation. And, further developing some ideas from chapter 4, I consider whether the probabilities discussed in evolutionary theory describe objective matters of fact.

    Madison, Wisconsin

    January 2011
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    Natural selection and common ancestry are the two central concepts in Darwin's theory. I begin this chapter by clarifying some basic features of how Darwin understood each of them. I then describe how common ancestry and natural selection are related in his theory. They are, of course, logically distinct, in the sense that neither entails the other (Mayr 1985; Sober and Orzack 2003). Imagine an array of species linked to each other via common ancestry; it does not follow that they evolve via natural selection. And now consider the converse. Imagine an array of species that evolves by natural selection; it does not follow that they have common ancestors. This logical point, I hope, is obvious, but it belies a fundamental fact about Darwin's theory—common ancestry and natural selection are entangled. To understand the theory, one must understand how these two parts of the theory are related to a third—the observational evidence that Darwin considers. How is common ancestry relevant to interpreting evidence concerning natural selection? How is natural selection relevant to interpreting evidence concerning common ancestry? Common ancestry and natural selection are logically separate, but they are evidentially connected. The details of how Darwin understood these relationships will frame the answer I will give to the puzzling question that provides the title of this chapter.



    1.1. WHAT IS DARWIN'S THEORY?

    To characterize Darwin's theory, what could be more natural than to cite the title that Darwin gave to his own book? How could we go wrong by saying that his is the theory of the origin of species by means of natural selection? In fact, there is trouble here, and it is of Darwin's own making. Although Darwin (1859, 1) describes the origin of species as the “mystery of mysteries” that he proposes to solve, his solution of the problem is in some ways a dissolution. I say this because Darwin had doubts about the species category; he regarded the difference between species and varieties as arbitrary. When two populations split from a common ancestor and diverge from each other under the influence of different selection pressures, they begin as two populations from the same variety, then they become two varieties of the same species, and finally they reach the point where they count as different species. It is convenience, not fact, that leads us to classify different degrees of divergence in different ways (Darwin 1859, 48–52)1.

    The vagueness of the boundary between variety and species is no reason to deny the existence of individual species, nor did Darwin do so (Sloan 2009; Ereshefsky 2009). This is the lesson we learn from other vague concepts—from rich and poor, hairy and bald, tall and short; a vague boundary does not mean that no one is rich, or hairy, or tall. Even so, species is not the central concept in Darwin's theory. True, the process he describes produces species, but it produces traits and taxa at all levels of organization.2 For these reasons, Darwin's theory is better described as “the origin of diversity by means of natural selection.”

    Darwin's concept of natural selection has several noteworthy features. The first is that natural selection does not involve conscious choosing. When cold climate causes polar bears to evolve longer fur, the weather kills some bears while allowing others to survive, but the weather does not have a mind. In the Origin, Darwin introduces the idea of natural selection by first describing artificial selection, by which he means the activities of plant and animal breeders who consciously choose the organisms from one generation who will be the parents of the next. Natural selection is just like this, save for the fact that artificial selection involves agents with minds to do the work while natural selection does not.3 Darwin was so concerned to emphasize this point that he followed Alfred Russel Wallace's advice in the fifth edition of the Origin and used Herbert Spencer's phrase “the survival of the fittest” to characterize his theory (Darwin 1959, 164). Darwin hoped this new label would make it harder for readers to misunderstand his theory.

    Another important fact about Darwin's concept is that the direction in which selection causes populations to evolve depends on accidents of the environment. There is no inherent tendency for life to grow bigger or faster or harder or slimier or smarter. Everything depends on which traits do a better job of allowing organisms to survive and reproduce in their environments. This is a vital contrast that separates Darwin from Lamarck, who saw evolution as leading lineages to move through a preprogrammed sequence of steps, from simple to complex. Of course, if life starts simple, evolution by natural selection will lead the average complexity of the biota to increase. But that is not because the “laws of motion” of natural selection inherently favor complexity. Parasites evolve from free-living ancestors, and the effect is often a move toward greater simplicity, with parasites losing organs and abilities possessed by their ancestors (Darwin 1859, 148). Complexity increases from life's beginning because of the initial conditions, not the laws. This is analogous to the random walk depicted in figure 1.1. A marker on a line changes position because of a coin toss. If the coin lands heads, you move the marker one space to the right; if the coin lands tails, you move the marker one space to the left. These are the rules of change unless the marker happens to be at the left-most or the right-most points. If the coin lands tails when the marker is at the extreme left, you simply toss again. Suppose the game begins with the marker placed at the left-most point on the line. Where will the marker be after five or fifty or five hundred coin tosses? Probably not at square one. Even if selection is indifferent to simplicity versus complexity, evolution by natural selection can still be expected to manifest a net increase in complexity (Sober 1994).4
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    A third characteristic of Darwin's concept is that selection acts on “random” variation. This is a loaded word, apt to mislead. Darwin says in the Origin (Darwin 1859, 131) that “random” just means that the cause of a new variant's appearance in a population is unknown. But “random” for Darwin was more than a confession of ignorance. He meant that variations do not occur because they would be useful to the organisms in which they occur. In his book Variation of  Animals and Plants Under Domestication, Darwin explains his point in terms of a beautiful analogy:



    Let an architect be compelled to build an edifice with uncut stones, fallen from a precipice. The shape of each fragment may be called accidental; yet the shape of each has been determined by the force of gravity, the nature of the rock, and the slope of the precipice,—events and circumstances all of which depend on natural laws; but there is no relation between these laws and the purpose for which each fragment is used by the builder. In the same manner the variations of each creature are determined by fixed and immutable laws; but these bear no relation to the living structure which is slowly built up through the power of natural selection, whether this be natural or artificial selection. (Darwin 1868, 236)

    The idea of “random” mutation will be further explained in §4.3.

    A fourth important feature concerns the “level” at which Darwin took natural selection to act. In almost all the examples that Darwin discusses, traits are said to be selected because they help the individual organisms that possess them to survive and reproduce. Tigers have sharp teeth because tigers with sharp teeth do better than tigers with dull teeth. The reason the trait evolved is not that sharp teeth help the species avoid extinction or somehow keep the ecosystem in balance. In examples of this sort, Darwin invokes what biologists now call individual selection. However, there are a few exceptions in which Darwin says that traits evolve because they are good for the group though they are bad for the individuals that have them. Darwin uses the hypothesis of group selection to explain traits that biologists now call altruistic. His examples include the barbed stinger of the honeybee (which eviscerates the bee when she pulls away after stinging) and the Golden Rule embraced by human morality. These and other examples will be examined in chapter 2.


    The fifth feature of Darwin's thinking about natural selection that I want to mention is his gradualism. A novel feature first arises in an organism by mutation, and then the novel mutation gradually increases in frequency. The trait starts rare, and then, if things go well, it becomes common. If selection causes trait T to evolve, the first question to ask is: what were the other organisms like in the population in which T initially appeared? When Darwin considers the evolution of a novel feature, he invariably thinks of the novelty as first arising in a population of other organisms that are very similar to the novel mutant. Eye evolution began with a piece of light-sensitive tissue that was able to distinguish light from dark; the other organisms in the population had no eyes at all. Only much later did more complex eyes arise in populations in which the other organisms had more rudimentary eyes (Darwin 1859, 187). Darwin thought of selection as a stepwise process in which the steps are numerous and small. One impetus that drove Darwin to biological gradualism was the geology of Charles Lyell, who theorized that great geological changes were the result of many small changes adding up. Another inspiration came from the practices of plant and animal breeders. When breeders seek to create a new trait in a population, they do not wait for the trait they seek to suddenly appear as a finished package. Rather, they build the new trait one small step at a time. They set to work on the range of variation they observe, gradually modifying the population by deciding which organisms will be the parents of the next generation. Breeders need to run their breeding programs over many generations to achieve their goals. Natural selection must do the same thing, though of course there is no “goal” that natural selection has in mind, since it has no mind.

    The last facet of Darwin's concept of natural selection that I want to mention concerns his comment in the Origin (Darwin 1859, 6) that selection is “the main but not the exclusive cause” of evolution. One part of this pronouncement is clearer than the other. Darwin (1859, 134–39) allows for evolution to have other causes. For example, he endorses the Lamarckian mechanism of use and disuse, the inheritance by offspring of traits (phenotypes, in modern parlance) because they were acquired by their parents. A standard example is the blacksmith's growing big muscles because of his work and then fathering children who develop those muscles without needing to do what their father did to get them.5 Darwin also had the idea that descendants retain the traits that their ancestors had, sometimes in spite of the fact that these traits are no longer favored by selection. This is the idea of ancestral influence (aka phylogenetic inertia); it explains many rudimentary features (Darwin 1859, 199, 416, 450–56) as vestiges of a bygone age. For example, this is why human beings have tail bones and why human fetuses have gill slits (Darwin 1859, 191). Darwin also discusses correlation of characters as a cause of evolution. If a trait favored by selection is correlated with a trait that is neutral or even deleterious, the latter may evolve by piggybacking on the former (Darwin 1859, 143–47). To use a modern example, our blood is red, not because the color promotes survival and reproduction, but because hemoglobin is red, and hemoglobin was selected for its ability to transport oxygen. Darwin discusses other nonselective causes of evolution, but the point is clear—he denied that selection is the only cause of evolution.

    Unfortunately, Darwin does not explain what he means by saying that selection is the “main cause.” This might mean that selection is the most frequent cause of trait evolution—that selection is implicated in the evolution of more traits in more populations than any other cause. Or it could mean that selection is more powerful than the other causes that affect the evolution of a given trait (where the trait in question might be one of the big changes that took place in life's history). To make sense of this latter idea, we would have to consider the other causes that influence a trait's evolution in a population and then imagine how the outcome would have been different if selection had been absent and those other causes present, and how the outcome would have been different if selection had been present and one of the other causes absent (and do this for each of the other causes). Important causes are big difference makers; causes of modest importance make only a small difference in the outcome. Applying this format for separating more important causes from less to Darwin's theory (and to the evolutionary theory of the present) is an interesting exercise, but it cannot be pursued here.

    Given his statement that selection is the main cause of evolution, how are we to interpret the following comment in the Origin concerning the importance of ancestral influence: “The chief part of the organization of every being is simply due to inheritance; and consequently, though each being assuredly is well fitted for its place in nature, many structures now have no direct relation to the habits of life of each species” (Darwin 1859, 199)? If ancestral influence has played so large a role, how can natural selection have been the main cause? Maybe the answer is that inheritance explains why descendants retain the features of their ancestors whereas selection is the main cause of change. Even so, it is worth considering whether Darwin should simply have said that selection has been a very important cause of evolution. Was it needlessly audacious to put selection at the top of a list whose members he had no reason to think he could completely enumerate?



    1.2. COMMON ANCESTRY

    With these caveats about natural selection duly noted, is “evolution by natural selection” a good characterization of Darwin's theory? The answer is emphatically no, as can be seen by considering figure 1.2. Darwin's theory gives the concept of common ancestry a central place. The phrase “evolution by natural selection” does not capture this idea, nor does “descent with modification.” Instead of describing Darwin's theory as evolution by natural selection, the theory is better described as common ancestry plus natural selection.
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    How much common ancestry did Darwin embrace? In the last paragraph of the Origin, where Darwin waxes poetic in his description of the “grandeur in this view of life” (Darwin 1859, 490), he says that, in the beginning, “life was breathed into a few forms, or into one.” A few pages earlier, he is less cautious:



    I believe that animals have descended from at most only four or five progenitors, and plants from an equal or lesser number. Analogy would lead me one step further, namely to the belief that all animals and plants have descended from some one prototype. But analogy may be a deceitful guide. Nevertheless all living things have much in common, in their chemical composition, their germinal vesicles, their cellular structure, and their laws of growth and reproduction. We see this even in so trifling a circumstance as that the same poison often similarly affects plants and animals; or that the poison secreted by the gall-fly produces monstrous growths on the wild rose or oak-tree. Therefore I should infer from analogy that probably all organic beings which have ever lived on this earth have descended from some one primordial form, into which life was first breathed. (Darwin 1859, 484)

    Although these passages may suggest that Darwin's view was that there was one start-up of life from nonliving materials, or just a few of them, this is not what his theory really says. In the fifth edition of the Origin, he adds the following remark:



    No doubt it is possible, as Mr. G. H. Lewes has urged, that at the first commencement of life many different forms were evolved; but if so, we may conclude that only a few have left modified descendants. (Darwin 1959, 753)

    Darwin was not changing his mind here, but was merely clarifying what he intended all along. The idea was already in the first edition of the Origin—not in words but in a picture. In fact, it was in the book's only picture, shown in figure 1.3. Darwin's view about common ancestry concerns tracing back, not the number of start-ups. Did life have one, two, or many start-ups? This may be unknowable and, in any event, was not something that Darwin thought he knew. Darwin's claim is that all the organisms on our planet that exist now, and all the fossils that are around now too, trace back to one or a few original progenitors.6
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    Not only does tracing back to a single common ancestor leave open whether there was exactly one start-up; in addition, it does not entail that all but one start-up failed to have descendants that exist now. If a genealogy is strictly treelike (with branches splitting but never joining), all but one start-up must go extinct if all current life is to trace back to a single common ancestor. But if there are reticulations (with branches joining as well as splitting), this need not be so (Sober and Steel 2002).7 This point is illustrated in figure 1.4.
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    One of the main objections to Darwin's theory, both when the Origin was published and in the minds of many present-day creationists, is the idea that species (or “fundamental kinds” of organism) are separated from each other by walls.8 No one doubted then, nor does anyone doubt now, that natural selection can cause small changes within existing species. The question was whether the process Darwin described can bring about large changes. Maybe a species can be pushed only so far. Darwin was an extrapolationist, again inspired by Lyell's geology. He reasoned that if artificial selection has achieved what it did in the brief span of time with which plant and animal breeders have had to work, then natural selection can bring about changes that are far more profound since it has operated over the far larger reaches of time that have been available since life began on an ancient earth (Darwin 1859, 29). Darwin extrapolated from small to large; many of his critics refused to follow him there. If we focus just on natural selection, it is hard to see why Darwin had the stronger argument. But if we set natural selection aside and consider instead the idea of common ancestry, the picture changes. Darwin thought he had strong evidence for common ancestry. Common ancestry entails that insuperable species boundaries (and insuperable boundaries between “kinds”) are a myth; if two species share a common ancestor, the lineages leading to each of them from their most recent common ancestor faced no such walls in their evolution (figure 1.5). And Darwin's case for common ancestry does not depend at all on natural selection's causing evolution, as we now will see.
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    1.3. DARWIN'S PRINCIPLE

    Darwin tells us in the Origin that when it comes to finding evidence for common ancestry, the adaptive features that provide evidence for natural selection are precisely where one ought not to look:



    Adaptive characters, although of the utmost importance to the welfare of the being, are almost valueless to the systematist. For animals belonging to two most distinct lines of descent, may readily become adapted to similar conditions, and thus assume a close external resemblance; but such resemblances will not reveal—will rather tend to conceal their blood-relationship to their proper lines of descent. (Darwin 1859, 427)

    Two of the observations mentioned earlier—that humans and monkeys have tailbones, and that human fetuses and fish have gill slits—are evidence for common ancestry precisely because tailbones and gill slits are useless in humans. Contrast this with the torpedo shape that sharks and dolphins share (an example that Darwin cites on the next page); this similarity is useful in both groups. One might expect natural selection to cause this trait to evolve in large aquatic predators regardless of whether they have a common ancestor. This is why the adaptive similarity is almost valueless to the systematist.

    Let's distinguish the two parts in this idea and give it a name:



    Darwin's Principle: Adaptive similarities provide almost no evidence for common ancestry while similarities that are useless or deleterious provide strong evidence for common ancestry.

    Darwin's Principle can be evaluated in terms of something deeper. Here I have in mind an idea about probabilistic reasoning that Hacking (1965) called



    The Law of Likelihood: Observation O favors hypothesis H1 over hypothesis H2 precisely when Pr(O | H1) > Pr(O | H2).


    The expression “Pr(O|H)” denotes a conditional probability—the probability of O, given H. Ronald Fisher chose to call this quantity the likelihood of the hypothesis H. This was an unfortunate choice of terminology, but it has stuck. In ordinary English, “likelihood” and “probability” are synonyms, but the Law of Likelihood concerns the likelihood of H, Pr(O | H), not its probability, Pr(H| O). These can have different values. And there are circumstances in which the meaning of Pr(O| H) is clear while that of Pr(H| O) is obscure (Sober 2008b). The Law of Likelihood is a “qualitative” principle; it tells you whether the evidence favors H1 over H2 but provides no measure of how strong the favoring is. Royall (1997) adds a second clause to the law that addresses this quantitative question:

     

    The degree to which O favors H1 over H2 is measured by the
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    In what follows, I'll take the Law of Likelihood to include both the qualitative and the quantitative ideas.

    To see the intuitive plausibility of the qualitative part of the law, consider an example that has nothing to do with common versus separate ancestry. Suppose you draw balls from an urn of unknown composition. You draw one hundred times, with replacement, and find that all of the draws are green. What does this evidence tell you about the following two hypotheses?

     

    H1: Exactly 80 percent of the balls in the urn are green.

    H2: Exactly 10 percent of the balls in the urn are green.

     

    It seems obvious that the evidence favors the first hypothesis over the second, and the Law of Likelihood reflects this fact. The observations would be more surprising if H2 were true than they'd be if H1 were true. As for the quantitative part of the Law of Likelihood, notice that the values of Pr(O| H1) and Pr(O|H2) are both very small in this example. The likelihood difference, therefore, is tiny, far smaller than the difference there would be if you had drawn just one ball from the urn and it was green.9 But the likelihood ratio for the one hundred draws is far larger than the ratio for the one.10 This is a point in favor of using the ratio measure.

    How does the Law of Likelihood bear on Darwin's Principle? Let X and Y be two species (or organisms) that both have trait T. This is our observation. We wish to know what this observation says about the common ancestry (CA) and the separate ancestry (SA) hypotheses. Darwin's Principle asserts both of the following:
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    The torpedo shape of sharks and dolphins involves a likelihood ratio that is close to one; the tailbones of humans and monkeys and the gill slits of human fetuses and fish involve likelihood ratios that are much larger than unity.

    Darwin's Principle applies outside of biology, both in other sciences and in everyday life. For example, suppose two students in a philosophy class submit essays on an assigned topic that are word-for-word identical (Salmon 1984). There are two hypotheses we might consider. One of them postulates a common cause; it says that the students plagiarized from the same source (a file they found on the Internet, perhaps). The other says that there was no common cause; this hypothesis says that the students worked separately and independently. The matching is more probable under the first hypothesis than it is under the second. And the kinds of matching features that provide strong evidence for a common cause and the kinds that provide only weak evidence or none at all are the ones that Darwin's principle describes. The fact that both essays use nouns isn't worth much. In contrast, the fact that the two essays misspell the same words in the same way is more telling. And what should we make of the fact that both essays quote the same passage from Darwin? It matters if the passage is relevant to the assigned topic.11


    If Darwin's Principle is to be understood in terms of the Law of Likelihood, there is an important part of his theory that fails to conform to the dictates of hypothetico-deductivism.12 This methodology says that theories are tested by deducing observational predictions from them. However, if hypotheses merely confer nonextreme probabilities on observational outcomes, the relationship of hypothesis to observation is not deductive. It is false that human beings and monkeys must both have tail bones if they have a common ancestor. It also is false that they can't both have tail bones if they lack a common ancestor. What is true is that the probability of this similarity is greater under the common ancestry hypothesis.



    1.4. EXCEPTIONS TO DARWIN'S PRINCIPLE

    Although Darwin's Principle is often correct, the two parts of the principle are sometimes mistaken. Let's take the second part first, the one about neutral or deleterious characters. If a drift process goes on long enough (one in which the different traits do not differ in fitness and trait frequencies evolve by random walk), the resulting character states of the descendants X and Y will have about the same probability, regardless of whether the common ancestry or the separate ancestry hypothesis is true. In a drift process as well as in others, time is a destroyer of information about ancestry. A second counterexample to the second half of Darwin's Principle may be found in characteristics that confer no advantage or disadvantage but are correlated with ones that do. These features are now called “spandrels” (Gould and Lewontin 1979). As mentioned earlier, having red blood confers no advantage, but having hemoglobin does, and the redness is a consequence of the hemoglobin. If hemoglobin is widespread because of its adaptive advantage, the fact that two species have red blood will not provide strong evidence for common ancestry.

    The other part of Darwin's Principle has exceptions as well; there are adaptive similarities that sometimes provide substantial evidence of common ancestry. There are two cases in which this is true. The first simply involves lots of data. Suppose we know of n adaptive similarities that unite species X and Y. Each of them may provide only negligible evidence favoring common ancestry over separate ancestry. But put them together and the likelihood ratio may be substantially greater than unity. This will happen if the different features (T1, T2, …, Tn) are independent of each other, conditional on each of the two genealogical hypotheses:
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    If each term on the right-hand side has a value just a bit larger than unity, their product will have a value that is much larger than unity.13 This point might underlie the thought that complex adaptations can provide substantial evidence of common ancestry even if simple ones do not.

    The second context in which Darwin is wrong to dismiss adaptive similarities is a bit less obvious. Consider the two fitness functions shown in figure 1.6. Each describes how an individual's fitness is influenced by whether it has trait X or trait Y. In (a), X is always fitter than Y, regardless of the frequency of trait X in the population; in (b), X is fitter than Y when X is common, but the reverse is true when X is rare. These figures make a prediction about how a population will evolve if selection controls the evolutionary process; fitter traits gradually increase in frequency, and less fit traits gradually decline. In (a), the prediction is that X will eventually evolve to fixation (= 100 percent representation), regardless of the trait frequency at which the process begins; in (b), the prediction is that the population will evolve to either 100 percent X or 100 percent Y, depending on the population's starting frequency.
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    Suppose you encounter two populations that both have trait X at 100 percent. Is this evidence that the two populations trace back to a common ancestor? Darwin's Principle seems right in connection with fitness function (a); you would expect X to evolve to fixation in each population, whether or not the two populations share a common ancestor. The inferential situation with respect to (b) is different; here the chance that the two populations will both exhibit 100 percent X depends on whether they have a common ancestor. Suppose that p is the probability that each ancestral lineage has of beginning with trait X in the majority. Then the probability that the two species we now observe both have trait X at 100 percent, if they share a common ancestor, is approximately p; the probability of this similarity, if the separate ancestry hypothesis is true, is about p2. So the likelihood ratio of the two hypotheses is about p/p2 = 1/p. The smaller p is, the more the evidence favors common ancestry over separate ancestry; if p is small, the evidence for common ancestry is strong (Sober 2008b, §4.5).

    What is true for frequency-dependent selection for the majority trait also is true when there is frequency-independent selection with multiple peaks of the sort depicted in figure 1.7. This figure also makes a prediction about how a population will evolve. Here we are thinking about a quantitative trait like height or weight, not a dichotomous trait of the sort shown in figure 1.6. Assuming that the population always exhibits a cloud of variation that is centered around the population's mean value, selection will lead a population that begins with a given average trait value to evolve toward a local adaptive peak, and then selection will serve to keep the population at that equilibrium.14 The larger the population, the less chance it has of evolving from one peak to another. If two populations are at the same adaptive peak, this is evidence that they share a common ancestor.15 And the more peaks there are, the more strongly does their occupying the same peak favor common ancestry over separate ancestry.

    [image: img]

    These last two cases, in which adaptive traits provide strong evidence for common ancestry, are not just abstract possibilities. Crick (1968) thought that there is a single genetic code that all current life shares; he called that code a “frozen accident” and argued that it provides strong evidence for common ancestry. Crick chose the word frozen to describe the action of natural selection. An organism with a given genetic code will usually have its viability drastically decline if its code changes to one that is nearby in the space of possible changes. And if the organism is at least partly sexual, its ability to produce viable fertile offspring will be impaired if its code changes to one not shared by conspecifics. So there is both a frequency-independent and a frequency-dependent effect, both giving rise to stabilizing selection. As long as there are multiple codes that each would work, a shared code is evidence for common ancestry. And the more workable codes there are, the stronger the evidence for common ancestry that universality provides. This point holds even if the universal code happens to be optimal.

    After Crick wrote his article, it was discovered that there is no universal code; rather, there is one code that is nearly universal, with a few variants differing from it by only a little. The frozen accident turned out to be a semifreddo. This correction of Crick's premise did not change the conclusion that biologists drew; now they cite the near universality of the genetic code as providing very strong evidence that all current life traces back to a single common ancestor (Knight, Freeland, and Landweber 2001). Most biologists now regard Darwin's remarks about “one or a few” original progenitors (§1.2) as far too timid.

    A similar example, one that predates the findings of molecular biology, is provided by the complementary genitalia of females and males in many species. Biologists often describe these as fitting together in lock and key fashion. Natural selection has produced different pairings in different species, with each sex evolving in response to the other. Suppose you observe two males or two females who happen to have the same genitalia. This observation provides good evidence of common ancestry, in spite of the fact that the shared structure is adaptive. The reason the adaptive similarity can have this evidential significance is that there are multiple adaptive pairings of male and female structures.

    Although Darwin's Principle is overstated, a rational kernel can be extracted. Nonadaptive characters often provide strong evidence for common ancestry. And adaptive characters often provide little or no evidence for common ancestry.16



    1.5. CAUSAL AND EVIDENTIAL ORDERINGS

    Darwin (1859, 459) says that the Origin is “one long argument,” and scholars have puzzled over what his argument is. Thinking about this requires that a question about logic be separated from a question about rhetoric. There is the logical structure of his theory and its relation to the evidence he musters. But there is also the question of how Darwin chooses to present that body of theory and evidence. Why did Darwin organize the book as he did? He front-loads his discussion of natural selection and lets his full argument for common ancestry emerge only later and in a somewhat fragmented form. Inspired by John Herschel's (1830) ideas on verae causae, he starts with artificial selection; this is a context in which selection has been observed. From this he extrapolates to natural selection, where selection must usually be inferred, and argues that selection is competent to produce the traits we now observe in nature and that it has actually done so (Hodge 1977; Ruse 1979; Waters 2003). Darwin could have begun with common ancestry and still pursued this Herschelian strategy. The exposition would start with observed cases of common ancestry (in human family trees and in the ones recorded by plant and animal breeders), with conjectured instances of common ancestry developed subsequently; the argument then would culminate in the conclusion that all current life traces back to one or a few original progenitors. Darwin does do some of this in the book's beginning. In the introduction he says that species belonging to the same genus have a common ancestor. And in the first chapter, on artificial selection, he notes that all varieties of domesticated pigeons descended from the rock dove. Still, the big picture, wherein all current life traces back to a small number of common ancestors, is mostly developed toward the end of the book. On the whole, natural selection comes first.17

    Four years after the Origin's publication, Darwin wrote to Asa Gray about his priorities; he says that “personally, of course, I care much about Natural Selection, but that seems to me utterly unimportant, compared to the question of Creation or Modification” (Darwin 1887). Why, then, did Darwin give selection top billing in the Origin? Perhaps Darwin viewed selection as his theory's more novel18 or more vivid element. Or perhaps he realized that if he began with the grand idea of common ancestry, his readers would immediately contemplate the genealogical connection of human beings to monkeys, a subject he wanted to mostly leave aside in the Origin.

    There is another answer to the question of why selection comes first in the Origin that is rooted in how Darwin understood the relation of common ancestry and natural selection. Darwin thought that selection explains why the genealogy of life on Earth is a branching tree in which present-day organisms and fossils trace back to one or a few original progenitors. An important part of Darwin's understanding of natural selection is given by his Principle of Divergence (Kohn 2009). Darwin (1859, 117–19) says that the horizontal axis of his branching diagram (figure 1.3) represents dissimilarity; he drew the branching to indicate that conspecific varieties have a better chance of persisting if they diverge from the mean of the species, and congeneric species are likewise apt to be more successful if they diverge from the mean of the genus. Organisms compete most intensely with those most like themselves, so a population has a better chance of flourishing if it strikes out on its own. Darwin often thought of divergence in terms of the distinction between specialist and generalist. A single population of generalists will often be driven by divergent selection to evolve into two or more populations of specialists, which become increasingly different as each accumulates adaptations specifically suited to its unique way of life. Darwin was drawn to this idea by the increasing specialization he saw in the British economy of his time (including the production lines that his grandfather Josiah Wedgwood had instituted in his porcelain factories), by his familiarity with Adam Smith's views on division of labor, and by his reading of Milne-Edwards on the division of physiological labor in organisms (Schweber 1980). To the idea that selection causes branching, Darwin added the idea that selection also causes lineages to go extinct. If selection causes branching and extinction, this means that selection explains why current life traces back to one or a few original progenitors. So there is a logical reason why selection gets top billing in the Origin—Darwin took it to have causal priority.

    Darwin faced a choice. Selection has causal priority; common ancestry has evidential priority. What should the order of exposition be? For some authors, writing on other subjects, the problem does not arise. Consider, for example, the relation of axioms to theorems in Euclidean geometry. Even though the axioms don't cause the theorems to be true, there is a sense in which the axioms make the theorems true. In addition, the axioms are intuitively obvious while the theorems become obvious only when we see how they are related to the axioms. So the axioms have two sorts of priority over the theorems. But when the causal and the evidential orderings differ, which should be followed? There is no right or wrong here. Darwin led with the part of his theory that has causal priority, but he could have done otherwise. There are many good ways to write a book.

    This duality of causal and evidential orderings is hardly unique to Darwin's theory. Consider the relation of temperature to thermometers. We know what the temperature is by looking at the thermometer, but it is the temperature that causes the thermometer reading, not vice versa. We often know about causes by looking at their effects.19 The thermometer has evidential priority while temperature has causal priority. Even so, the relationship between common ancestry and natural selection in Darwin's theory has a special feature. Natural selection and common ancestry fit together in the theory, but only if selection has not been all powerful. If all the traits that organisms have are present because there was selection for them, Darwin's Principle will conclude that none of them provides strong evidence for common ancestry. What is needed is that selection causes branching and extinction but that some traits persist in lineages for nonadaptive reasons. Darwin's claim that selection is not the exclusive cause of evolution plays an essential role in allowing him to develop evidence for common ancestry. The conjunction of common ancestry and natural selection would be unknowable, according to Darwin's Principle, if the second conjunct described the only cause of trait evolution. Hyperadaptationism has no place in this two-part theory.

    In broad outline, the evidential structure of Darwin's argument for his theory of common ancestry plus natural selection goes like this:

     

    
      	The argument for common ancestry. Here neutral and deleterious traits (from vestigial organs, embryology, biogeography) do the main work.

      	It follows from (1) that populations have evolved across species boundaries.

      	The argument that natural selection is an important part of the explanation of many adaptive traits. Here artificial selection and the Malthusian argument for the power of selection are important, as are Darwin's many examples of adaptive traits in nature.

    

    The expository order in the Origin has (3) first, and then (1), with (2) more or less implied.



    1.6. USING COMMON ANCESTRY TO THINK ABOUT NATURAL SELECTION

    I have argued that common ancestry shows that one species can evolve into another and that the evidence for common ancestry does not depend on natural selection's having been a cause of evolution. I now want to describe how Darwin uses common ancestry to answer questions about natural selection. Consider his discussion of the vertebrate eye, an example discussed briefly in §1.1. This was William Paley's (1802) most famous example of a complex adaptive feature that, he thought, cries out for explanation in terms of Intelligent Design. Darwin discusses this in the sixth chapter of the Origin, in a section he calls “Difficulties for the Theory.” He notes that if the different eye designs found in nature can be arrayed in a graded sequence, from simpler and cruder to more complex and more adaptive, then this will be the beginning of an argument for the hypothesis that the trait evolved by natural selection. But then he adds:



    In looking for the gradations by which an organ in any species has been perfected, we ought to look exclusively to its lineal ancestors; but this is scarcely ever possible, and we are forced in each case to look to species of the same group, that is to the collateral descendants from the same original parent-form. (Darwin 1859, 187)

    Since it is the lineal ancestors of present-day vertebrates that matter to understanding how natural selection produced the vertebrate eye, why look at current organisms that are not vertebrates? If Darwin's modest goal was to argue merely that it is possible that the vertebrate eye evolved through a series of simpler eye designs, then seeing the different eye designs found in collateral descendants would be relevant; this would allow one to imagine a sequence of steps that might have been taken in the lineal ancestors. But Darwin wants to draw a stronger conclusion, and so do contemporary biologists. They want to argue that the traits found in collateral descendants provide evidence about the traits that existed in lineal ancestors. But why should the one be relevant to the other? Darwin's language of lineages reveals the reason. It is common ancestry that permits the characteristics of present-day nonvertebrates to be relevant to inferring the characteristics that the ancestors of present-day vertebrates once possessed.

    A simplified example of the kind of inference problem that Darwin addressed is depicted in figure 1.8. As we move from current vertebrates and their camera eyes back through their lineal ancestors, Darwin thought we'd find cup eyes and then no eyes at all. Why think that this is the most plausible assignment of character states to ancestors? Many contemporary biologists would answer by appealing to parsimony. The assignment of character states to ancestors described in the figure allows the tip species to have their observed characteristics with only two changes in character state taking place in the tree's interior; a different assignment of character states to ancestors would be less parsimonious in the sense that it would require more changes. The concept of parsimony used here is sometimes called cladistic parsimony, since it involves minimizing the number of changes that must occur within a phylogenetic tree (“clade” is Greek for branch). The use of cladistic parsimony to reconstruct the lineage's history does not require that evolution always move from simple to complex. Darwin's idea that parasites evolved from free-living ancestors (§1.1) can be justified by parsimony, given a phylogeny.
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    The use of parsimony to reconstruct ancestral character states is intuitively attractive. If two or more descendants have a given trait, it seems natural to infer that the trait was present in their most recent common ancestor. But what is the logical justification of this inference from present to past? Cladists influenced by Will Hennig (1966) have sought to justify the principle in terms of Popperian ideas about falsifiability (Eldredge and Cracraft 1980; Wiley 1981) and explanatory power (Farris 1983). At about the same time that Hennig's work was translated into English, Anthony Edwards and Luigi Cavalli-Sforza (1964), two students of R. A. Fisher, proposed a principle of minimum evolution as a heuristic device for inferring phylogenies, one that they thought was justified because it often coincides with the dictates of likelihood. The justification of parsimony, and the question of whether there are better methods of phylogenetic inference, is a subject of continuing investigation in evolutionary biology (Sober 1988a; Sober 2008b). I'll return to an aspect of this topic in §5.1.

    There is a second type of problem in which Darwin uses the characteristics of “collateral descendants” to make inferences about “lineal ancestors.” Consider, for example, the interpretation he offers in the Origin of the fact that mammals in utero have skull sutures that allow them to pass through the birth canal:



    The sutures in the skulls of young mammals have been advanced as a beautiful adaptation for aiding parturition, and no doubt they facilitate, or may be indispensable for this act; but as sutures occur in the skulls of young birds and reptiles, which have only to escape from a broken egg, we may infer that this structure has arisen from the laws of growth, and has been taken advantage of in the parturition of the higher animals. (Darwin 1859, 197)


    The sutures predate mammalian parturition; we know this because the sutures, but not the parturition, are found in contemporary birds and reptiles.

    Darwin describes other characteristics in other species in this paragraph and draws the same conclusion. He says that the hypothesis that trait T is an adaptation for doing X is disconfirmed by the fact that there now are organisms that have T and do not do X. For example:



    A trailing bamboo in the Malay Archipelago climbs the loftiest trees by the aid of exquisitely constructed hooks clustered around the ends of the branches, and this contrivance, no doubt, is of the highest service to the plant; but as we see nearly similar hooks on many trees which are not climbers, the hooks on the bamboo may have arisen from unknown laws of growth, and have been subsequently taken advantage of by the plant undergoing further modifications and becoming a climber. (Darwin 1859, 197)

    Darwin is arguing that hooks were present before climbing evolved. He concludes that hooks did not evolve to facilitate climbing.

    Chronological considerations also figure in Darwin's reasoning about the evolution of lungs in the lineage leading to vertebrates. He thinks that the lungs evolved from the swim bladders of fish:



    The illustration of the swim bladder in fishes … shows us clearly the highly important fact that an organ originally designed for one purpose, namely flotation, may be converted into one for a wholly different purpose, namely respiration…. I can, indeed, hardly doubt that all the vertebrate animals having true lungs have descended by ordinary generation from an ancient prototype, of which we know nothing, furnished with a floating apparatus or swim bladder. (Darwin 1859, 190–91)

    Note the transition in this passage from “may be converted” to “have descended”—from a possibility to an assertion of fact. If we know the phylogeny linking current organisms, and then use the characteristics of current organisms to infer the character states of ancestors, this transition can be justified. Darwin is explicit, in these and other passages, that what makes a trait currently useful may differ from what made the trait initially evolve. It is common ancestry that permits him to say something more—that the reason a trait initially evolved actually differs from the reason the trait now is useful.

    In the passages just cited, is Darwin saying that if T evolved because it helped organisms to do X, then X must be present whenever T is? Let us hope not; otherwise the claim that wings evolved to facilitate flying would be refuted by penguins. And even more egregiously, this interpretative principle would entail that if a species of iguana evolved its green coloration to camouflage it from predators, then every green organism on the planet (e.g., each species of grass) must be green for the same reason. However, if we bring Darwin's idea into contact with phylogenetic trees, it starts to make more sense. The hypothesis that T evolved in a lineage because it helped organisms do X entails that X was an activity that organisms performed when T was in the process of evolving. X should not be a Johnny-come-lately. The claim that T evolved in a lineage because it helped organisms do X imposes a constraint on the chronological order in which T and X appeared among the lineal ancestors. But why should it matter whether all the collateral descendants that have T happen to do X? Once again, common ancestry provides an answer. Consider figure 1.9. In this example, some of the tip taxa have hooks but do not climb. Darwin would take this to be evidence against the hypothesis that hooks evolved to facilitate climbing. Instead, he would conclude that the hooks were already present when climbing evolved. The plants, he would say, made new use of an old characteristic. Parsimony underwrites this conclusion about chronological order (Coddington 1988).
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    Although parsimony supports the idea that the presence of T without X sometimes counts against the hypothesis that T evolved to facilitate X, it doesn't always. Figure 1.10 illustrates this possibility. The distribution of character states across the tips of the tree shown there leads parsimony to infer that climbing evolved before hooks, after which climbing was lost in the lineage. This parsimonious reconstruction of ancestral character states entails a chronological order that accords with the adaptive hypothesis that hooks evolved to facilitate climbing.

    In both figures 1.9 and 1.10, some tip taxa have hooks but do not climb. Parsimony draws different conclusions about what these observations mean concerning the states of ancestors.20 So the observation of hooks without climbing does not always count against the hypothesis that climbing evolved before hooks, at least not if we let parsimony guide our reconstruction of ancestral character states. Parsimony considerations indicate that the hooks of the nonclimbing plants in figure 1.10 are like the wings of penguins; both are instances of what biologists now call secondary loss. The hooks and the wings are vestiges. They initially evolved to perform a function; some descendants retain the trait though the function is no longer performed. When Darwin was thinking about the chronological order in which hooks and climbing evolved in the lineage leading to Malaysian trailing bamboo, I bet he was thinking about a phylogeny that resembles the one shown in figure 1.9, not the one shown in figure 1.10.
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    1.7. TREE THINKING

    In Darwin's theory and in the evolutionary biology of the present, a lineage is like a mine shaft that extends from the surface of the earth to deep below, with multiple portholes connecting surface to shaft at varying depths. By peering into a porthole, we gain evidence about what is happening in the shaft. The more portholes there are, the more evidence we can obtain. This is why common ancestry is not an unrelated add-on that supplements Darwin's hypothesis of natural selection; rather, common ancestry provides a framework within which hypotheses about natural selection can be tested. Thanks to common ancestry, facts about the history of natural selection become knowable.
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Figure 1.2: A large number of lineages arises independently from nonliving
materials, and each evolves by natural selection. This is not in conformity with
Darwin's theory.
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Figure 1.9: Parsimony can be used to reconstruct the character states of
ancestorsin the lineage leading to Malaysian traiing bamboo (represented by
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Figure 1.10; A hypothetical example llustrating the concept of secondory foss.
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Figure 1.3: The only diagram in the Origin.
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Figure 1.4: Suppose that fe has three start-ups (5,5, 5,) and that all current
1ife (€,, C, .., ) traces back to a single common ancestor. This does not
require that two of the start-ups must fail o have descendants that exist now.
Reticulation leading to  bottleneck (8) s the reason why.
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Figure 1.5: Species X and Y exhibit some degree of dissimilarity. Is there a wall
that prevents lineages from traversing the space between them? If Xand Y have
2 common ancestor (C), the lineages leading from C to X and Y must traverse
that space, regardiess of how similar C s o its two descendants.
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Figure 1.7: The trait values of a quantitative character differ in thei ftness.
There are three adaptive peaks.

it value






OEBPS/Images/5_1.jpg





OEBPS/Images/30_1.jpg
Figure 1.6: When two populations each exhibit 100% X, this isn't strong
evidence that they have a common ancestor f the fitness function is the one
shownin (a}; the evidence for common ancestry can be stronger f the fitness
function s the one shown in (o).
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Figure 1.8: A simplified example in which the camera eye, the cup eye, and the
complete absence of an eye are distributed across the tis of a phylogenetic
tree. Parsimony considerations entail that the best reconstruction of ancestral
character states is that A, had no eyes, A, had a cup eye, and A, had a camera
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Figure 1.1: Arandom walk on a line with 100 locations. Unless the marker is at
the left-most or the right-most location, it moves one space to the right if the
tossed coin lands heads and one space to the left i the coin lands tals
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