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Natural selection, mutation, and adaptation are well-known and

central topics in Darwin’s theory of evolution and in the twentieth-

and twenty-first-century theories which grew out of it, but many other
important topics are used in evolutionary biology that raise interesting
philosophical questions. In this book, Elliott Sober analyzes a much
larger range of topics, including fitness, altruism, common ancestry,
chance, taxonomy, phylogenetic inference, operationalism, reductionism,
conventionalism, null hypotheses and default reasoning, instrumentalism
versus realism, hypothetico-deductivism, essentialism, falsifiability, the
principle of parsimony, the principle of the common cause, causality,
determinism versus indeterminism, sensitivity to initial conditions, and
the knowability of the past. Sober’s clear philosophical analyses of these
key concepts, arguments, and methods of inference will be valuable

for all readers who want to understand evolutionary biology in both its
Darwinian and its contemporary forms.
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Preface

This book is about basic concepts, important arguments, and methods of
inference in evolutionary biology. In each chapter I use Darwin’s theory as
a point of departure and then selectively take up ideas from twentieth- and
twenty-first-century biology that I think are philosophically interesting.
The book is not a history of evolutionary theory.

My focus on concepts involves questions like the following:

e What is fitness?

e What is a unit of selection?

e What is drift?

e What is random mutation?

¢ What is evolutionary gradualism?
e What is adaptation?

e What is phylogenetic inertia?

e What is a species?

e What is race?

I also assess the validity of arguments. For example:

¢ Do the definitions of altruism and selfishness used in evolutionary biol-
ogy entail that natural selection cannot cause altruism to evolve?

¢ Do assumptions about random mutation and natural selection show that
evolutionary gradualism is true?

e Does using a principle of parsimony in phylogenetic inference require
the assumption that the evolutionary process proceeds parsimoniously?

When I consider the definitions of concepts, my goal is not to uncriti-
cally record what various scientists have said. Rather, my focus is on how
these concepts ought to be understood; my project is normative, not purely
descriptive. Biologists often assign different meanings to a concept, their

XV
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Preface

characterizations of concepts are sometimes vague, and they sometimes
fail to grasp the implications of what they propose. My goal is to sharpen
concepts so that they better serve the goals of theorizing. Here I find myself
drawn to Rudolf Carnap’s concept of explication, which he used to label the
ameliorative ambitions of his philosophical projects. Carnap (1950) took
his explications to be proposals that should be appraised for their useful-
ness; for Carnap, the wrong question to ask is whether an explication is
true. Unlike Carnap, I do not balk at making claims about the truth of
proposed conceptual analyses, my own included.

I also do not blush when I supply Darwin’s various theses with clarifica-
tions and arguments that he never considered. When I do so, I am not wear-
ing the historian’s hat. Rather, I am evaluating the propositions that Darwin
endorsed; these propositions are separable from the thought processes that
led him to embrace those propositions. This is not anachronistic. What
would be anachronistic is attributing those clarifications and arguments to
the man himself.

Interspersed with my discussion of various biological issues, I consider
broader ideas from philosophy of science, such as:

e operationalism

e reductionism

e conventionalism

¢ null hypotheses and default reasoning

¢ instrumentalism versus realism

e Duhem’s thesis

¢ hypothetico-deductivism

¢ the underdetermination of theory by evidence
¢ essentialism

e falsifiability

¢ the principle of parsimony

e the principle of the common cause

¢ interpretations of probability

e what it means for one cause of an event to be more powerful than another
e determinism versus indeterminism

¢ the knowability of the past

Philosophy of biology is a subject in its own right but it should not be iso-
lated from the rest of philosophy of science.
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Probability is a thread running through this book and it has two strands.
First, there is the probabilistic character of evolutionary theory itself,
which I discuss in several contexts — the definition of fitness, the bearing
of Simpson’s paradox on the evolution of altruism, the neutral theory of
molecular evolution, the concept of random mutation, and Markov mod-
els of evolution. Second, there is the use of probability to make inferences
about various propositions in evolutionary biology. Bayesianism is an
influential epistemology in philosophy of science, but it is not the one I
favor. I am more inclined to reach into a grab-bag that contains the Law
of Likelihood and the Akaike information criterion. As a result, I address
topics in the philosophy of probability and statistics. Instead of starting the
book by describing all the probability tools I want to use, I introduce them
gradually, as needed, in different chapters. If you want to begin with a brief
probability primer, I suggest you look at the ABCs in Sober (2015, pp. 64-84)
or Sober (2018, pp. 7-23).

I feel obliged to issue a content warning: In a few places in this book,
I discuss ideas that grew out of sexist, classist, or racist assumptions.
Understanding something of that history helps one understand ideas in
biology that are neither sexist nor classist nor racist. Airbrushing history
would remove painful reminders, but I think the reminders are valuable in
spite of the pain.

I have placed bold-faced questions and exercises in footnotes. I hope
they will be thought-provoking.

Madison, Wisconsin
July, 2023
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1 A Darwinian Introduction

In this chapter I outline Darwin’s theory of evolution, indicating which

parts survive in modern biology and which have been discarded.’

1.1 Common Ancestry

Figure 1.1 is the only illustration that Darwin included in his 1859 book On
the Origin of Species by Means of Natural Selection, or the Preservation of Favoured
Races in the Struggle for Life. He used it to represent some of the main ele-
ments of his theory. The figure depicts a phylogenetic tree in which objects
at the top of the page exist now, and as you go down the page you're going
back in time, tracing items at the top to their recent and more remote
ancestors. You can think of the objects at the top as current species, though
Darwin’s picture also applies to single organisms alive today. There are fif-
teen objects at the top of the figure, but they descend from only three of
the objects (A, F, and I) at the bottom. If you trace those three back in time,
they will eventually coalesce into a single common ancestor. Modern biol-
ogy agrees with Darwin, in that the standard view now is:

Universal Common Ancestry: All the organisms now on earth descended
from a single common ancestor.

This thesis does not mean that life evolved from non-living materials only
once. Universal common ancestry is compatible with numerous start-ups.
There also is no requirement that only one of those start-ups managed to have
descendants that are alive today. To see why, compare Darwin’s Figure 1.1

1 Darwin’s theorizing evolved in his lifetime, on which see Ruse (1979) and Ospovat
(1981). In this book, I use the term “Darwin’s theory” to refer to what appeared in the
first edition of the Origin and was further articulated in subsequent editions of that book
and in his subsequent writings.
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Figure 1.1 The Tree of Life in Darwin’s Origin of Species.

now: D1 D2 D3

D =

bottleneck:

start-ups:

[ — ]

J-

D4

... 51,000

Figure 1.2 A phylogenetic bottleneck in which there is universal common

ancestry.

with the genealogy shown in Figure 1.2, which includes 1,000 start-ups,
four of which founded lineages that then merged; the result is a universal
common ancestor of all living things on the planet today. The genealogy in
Figure 1.1 is a tree in the technical sense of that term: Branches split but never

join as your eye moves from past to present. The genealogy in Figure 1.2 is not

a tree; biologists use the term “reticulation” to describe the joining.

Darwin was a resolute tree thinker, but the question of whether life’s
genealogy is tree-like is now debated. Some biologists regard the Tree of
Life as an outmoded concept, given that pairs of plant species have often
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hybridized to produce new species, and given also that organisms often
have genes that didn’t come from their parents but were inserted by the
horizontal transfer of genes from a contemporaneous organism in a dif-
ferent species. However, other biologists think the Tree of Life idea is true
often enough, especially for eukaryotes (organisms whose cells have nuclei),
for it to remain a valuable idea. See Doolittle (2000) for discussion.

1.2 Species

The title Darwin gave to his 1859 book may lead you to think that the spe-
cies category occupies a very special place in his theory. If so, the following
remark from the Origin (Darwin 1859, p. 52) may surprise you: “I look at the
term species as one arbitrarily given for the sake of convenience to a set of
individuals closely resembling each other, and that it does not essentially
differ from the term variety.” When a parent in Darwin’s diagram has sev-
eral descendant lineages, the descendants will count as conspecific variet-
ies if they diverge only modestly, but if they become more different from
each other, they will count as distinct species. There is no bright line that
separates the one situation from the other. Darwin denies that there are
“walls” that prevent old species from evolving into new ones. This no-walls
thesis follows immediately from common ancestry.

Most present-day evolutionary biologists disagree with Darwin’s relaxed
view of the difference between species and varieties. One of the most
influential species concepts in modern evolutionary biology is Ernst Mayr’s
(1970) biological species concept. It holds (roughly) that two populations belong
to the same species precisely when individuals in the two populations inter-
breed and produce viable fertile offspring. For Mayr, subspecific varieties
are different in kind from species, properly so called. I'll discuss species
in Chapter 7.

1.3 Evolution
Whereas the vertical dimension in Darwin’s Figure 1.1 represents time,

the horizontal dimension represents phenotypic similarity.? Objects

% Phenotype is a garbage-can category denoting any feature of an organism that is not
genetic in character; it includes all traits of morphology, physiology, and behavior.


https://doi.org/10.1017/9781009376037.002

The Philosophy of Evolutionary Theory

A and B in the figure are more similar to each other than A and C are,
and A and L are more dissimilar than any other pair of early objects.
Biologists who now draw phylogenetic trees usually don’t use the hori-
zontal dimension in this way; in modern biology, trees represent genea-
logical relatedness alone.

In Figure 1.1, descendants almost always differ phenotypically from their
ancestors. If evolution just means that lineages change their characteristics,
then there is evolution aplenty in Darwin’s diagram. But is the equation of
evolution with character change correct? Suppose that nutrition improves
in a starving population with the result that descendants are bigger and
healthier than their ancestors. That would not be enough for modern biolo-
gists to conclude that the population has evolved. The definition often used
now is that evolution is change in the genetic composition of populations.>
Phenotypic change without genetic change isn’t evolution. Unfortunately,
the genetic definition is too narrow. The genetic system is itself a product
of evolution. This entails that the existence of genes is not a prerequisite for
evolution to occur.

What did Darwin mean when he talked about lineages evolving?
Darwin (1859, p. 12) says that he restricts his attention to traits that are
inherited. This raises the question of what inheritance means. In ordinary
English, you can say that people sometimes “inherit” money from their
parents, but that’s not how Darwin used the term. Darwin had in mind
the traits that are transmitted from parents to offspring in the biological
process of reproduction. Gregor Mendel was a contemporary of Darwin’s, but
Darwin knew nothing about Mendelian genes. Modern biology reveals
that the transmission of material from parents to offspring in repro-
duction involves more than just genes. There is non-genetic material in

This usage is compatible with the fact that many phenotypes are causally influenced by
genes. The distinction between what X is and what causes X is important here. An organ-
ism’s phenotype can include things that are outside its skin; the fact that a spider spins
a particular type of web is a phenotypic trait the spider has. The elaboration of this idea
has been the project of niche construction theory, which is part of what is called the extended
evolutionary synthesis (Laland et al. 2015).

This definition is broader than the definition of evolution as change in gene frequen-
cies. The problem with the gene frequency definition is that the frequencies of single
genes can remain constant while the frequencies of gene combinations change, and
biologists will readily count the latter as instances of evolution. Sober (1993) illustrates
this possibility by an example involving assortative mating.
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both eggs and sperm. The new field of epigenetics studies that additional
dimension of transmission.*

You may think that fossils provide conclusive evidence that evolution
has occurred. After all, many fossils differ markedly from the organisms
we now see around us. In fact, the observed features of fossils, by them-
selves, don’t entail that evolution has occurred. However, universal com-
mon ancestry plus the fact that current organisms differ in their inherited
traits suffices for evolution to have occurred. Fossils are icing on the cake.

1.4 Divergence and Opportunism

Returning to the horizontal dimension of Figure 1.1, you’ll notice that there
is more diversity now than there was at the time of A through L. Darwin
drew broken lines from A through L back into a more remote past, and he
slanted those lines to indicate that there was still less diversity at that ear-
lier time. Modern biology rejects the idea that diversity steadily increases.
Mass extinctions have diminished diversity — several times, and drastically.
True, when life first began there was minimal diversity, and now there is
lots more. But in between, diversity has waxed and waned.

Darwin has diversity steadily increasing in Figure 1.1 because he endorsed
the following principle:

The Principle of Divergence: The immediate descendants of a common
ancestor tend to do better at surviving and reproducing if they have
extreme phenotypes, and worse if they have middling phenotypes.
(Darwin 1859, p. 117)

Darwin’s (1859, p. 76) idea was that individuals with extreme phenotypes
usually have fewer competitors than individuals with middling phenotypes,
and so the extremists do better in the struggle for existence. In other words,
extremists tend to be fitter than middle-of-the-road organisms, and so the
process of natural selection will favor the evolution of more extreme trait
values over trait values that are middling. For Darwin, that’s why diversity
increases. To check whether Darwin’s Figure 1.1 conforms to his Principle

4 This expanded conception of inheritance is part of what is now called the extended
modern synthesis (Laland et al. 2015).

> In Section 7.10, I'll explain why a fossil can provide stronger evidence than an extant
organism about the traits of their most recent common ancestor.
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of Divergence, you can trace the objects that exist now back in time, count-
ing how often they derive from middling ancestors and how often from
extremists.

Modern biology has abandoned this part of Darwin’s theory. The Principle
of Divergence is often untrue. Birth weight in humans is a classic counterex-
ample; newborn babies of middling weight on average do better than babies
who are smaller or larger. However, the problem with Darwin’s principle goes
deeper. It isn’t just that there are exceptions to the Principle of Divergence.
There is no such thing as the one and only phenotype that “tends” to evolve
when there is natural selection. For example, organisms that are more com-
plex often outcompete organisms that are simpler, but the reverse pattern is
common as well. Darwin (1859, p. 148) cites an example of the latter when
he notes that parasites are often simpler than their free-living ancestors.
George Gaylord Simpson (1967, p. 160) expressed this idea by saying that nat-
ural selection is opportunistic. Which traits are fitter than which others almost
always depends on accidental features of the environment.

The opportunism of evolution by natural selection contrasts starkly with
the idea that evolution is pre-programmed. Jean-Baptiste Lamarck (1809)
proposed an evolutionary theory of this type. According to Lamarck, life
emerges repeatedly from non-living materials and then increases in com-
plexity by moving through a fixed sequence of stages.® Lamarck’s theory
denies that current human beings and current worms have a common ances-
tor, although it asserts that current human beings had worm-like ancestors.
We human beings belong to a very old lineage, since that lineage had to
evolve through a long sequence of simpler stages. Current worms, being
simpler than humans, trace back to a more recent start-up. Lamarck’s the-
ory denies universal common ancestry.

1.5 Selection - Natural, Artificial, Sexual, and Bi-leveled

Although the Principle of Divergence is not part of modern biology, one of
Darwin’s ideas about natural selection is now mainstream:

6 This is the primary evolutionary process in Lamarck’s theory, but he adds a secondary
process in which organisms diversify so as to adapt to their environments (e.g., when
giraffes evolve longer necks so they can reach leaves at the top of trees). This is where
Lamarck’s idea of the inheritance of acquired characteristics comes into play, an idea I'll
discuss in Section 1.6.
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Natural Selection is a pervasive and important cause of evolution.

Natural selection is Darwin’s explanation for why only three of the eleven
lettered objects in Figure 1.1 managed to have descendants that are alive
today. Individuals that are better able to survive and reproduce outcom-
pete individuals that are less able to do so. Natural selection causes some
lineages to go extinct and others to persist. In the Origin, Darwin (1859, p. 6)
says that “natural selection has been the main but not the exclusive cause”
of evolution. Darwin’s mention of “main” entails that natural selection is
more important than other causes of evolution. Notice that the thesis I
formulated above about natural selection is more modest. I'll explain in
Chapter 8 why I've steered clear of the word “main.”

Darwin distinguishes natural selection from artificial selection. Artificial
selection is what farmers do when they decide which plants and animals in
one generation will be permitted to reproduce. Artificial selection involves
conscious choosing; natural selection, in contrast, can be mindless. If the
weather gets colder, there may be selection for thicker fur in a species of bears,
with the consequence that bears with thicker fur survive and reproduce more
successfully than bears with thinner fur. The weather is not a conscious agent.”

Darwin also contrasts natural selection with sexual selection. He says
that sexual selection occurs when males compete with each other for access
to females, and also when females choose the males with whom they’ll
mate. A consequence of the former is that male elephant seals are far larger
than females. A consequence of the latter is that peacocks have gaudy tails,
whereas peahens do not. It is odd that Darwin thought of male combat and
female choice as falling outside the category of natural selection. It also
is noteworthy that Darwin didn’t mention competition among females for
access to males, nor did he think that males might be choosy. In his book
about human evolution, The Descent of Man, Darwin (1871, p. 256) makes
room for these possibilities when he says that sexual selection “depends on
the advantage which certain individuals have over other individuals of the
same sex and species solely in respect of reproduction.” Darwin’s idea that
males are “avid” whereas females are “coy” was part of the same stereotype
that led him to think that men are more intelligent whereas women are
more emotionally sensitive (Hrdy 1997; Bradley 2021).

7 Question: If “natural selection” just means selection that occurs in nature, should arti-
ficial selection be regarded as a kind of natural selection?
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Biologists now generally view sexual selection as a kind of natural selec-
tion. In sexual selection, males compete with males and females compete
with females. In each case, one sex is part of the environment that influ-
ences the evolution of traits in the other. It is facts about peahens that
caused peacocks to evolve gaudy tails, and it is facts about female elephant
seals that cause males to be so much larger than females.® Much of natural
selection isn’t like this — consider the example of a bear species evolving
thicker fur as a response to climate change, not as a response to what mem-
bers of the opposite sex are doing. Although sexual selection frequently
results in a polymorphism (meaning that different individuals in the same
species have different traits), non-sexual natural selection can do the same
thing; I'll describe an example in Chapter 3.°

Another feature of Darwin’s conception of natural selection is that it
occurs on two different levels of organization. The first level involves indi-
vidual selection, wherein organisms in the same species compete with each
other. Group selection occurs when groups of conspecific organisms com-
pete. Darwin introduced the idea of group selection because he saw that
there are traits in nature that would be inexplicable if individual selection
were the whole story. For example, consider what he says about the honey-

bee’s barbed stinger (Figure 1.3):

Figure 1.3 The honeybee’s barbed stinger.

Source: I thank Rose-Lynn Fisher for permission to reprint “Sting 650x,”

a scanning electron micrograph from her book Bee (Princeton Architectural
Press, 2012).

8 Tl describe an example of sexual selection in dung flies impacting both sexes in
Section 8.5. Here females are more “avid” than males.

9 Sexual selection, as I have defined it, does not explain why organisms reproduce sexu-
ally; rather, it presupposes that they do.
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Can we consider the sting of the wasp or the bee as perfect, which, when
used against many attacking animals, cannot be withdrawn, owing to the
backward serratures, and so inevitably causes the death of the insect by
tearing out its viscera?

If we look at the sting of the bee, as having originally existed in a remote
progenitor as a boring and serrated instrument, like that in so many
members of the same great order, and which has been modified but not
perfected for its present purpose, with the poison originally adapted to
cause galls subsequently intensified, we can perhaps understand how it is
that the use of the sting should so often cause the insect’s own death: for
if on the whole the power of stinging be useful to the community, it will
fulfill all the requirements of natural selection, though it may cause the
death of some few members (Darwin 1859, p. 202).

Bees with barbed stingers die when they sting an intruder to the nest,
whereas bees with barbless stingers can withdraw their stingers without
harming themselves. The barb is bad for the organism, but it is good for
the group, since the barb keeps the stinger in place while it continues to
pump venom after the bee has died. Groups of bees that contain individuals
with barbed stingers do better at avoiding extinction and at founding new
groups than groups that contain individuals with barbless stingers.

Darwin’s idea of there being two levels of selection (or “units of selection”)
was standard during the first half of the twentieth century, but it came in
for strenuous attack in the 1960s. To this day, some evolutionary biologists
think that hypotheses of group selection are worse than false — they are con-
fused and should be excluded from the toolkit of serious science — whereas
other biologists now think that group selection is a coherent hypothesis,
the plausibility of which needs to be evaluated on a case-by-case basis. This
controversy is the subject of Chapter 3.

1.6 Heredity

For natural selection to cause the frequencies of traits in a population to
change, there needs to be heredity. As mentioned, Darwin didn’t know
about Mendelian genes. After publishing the Origin, Darwin advanced his
“provisional theory of pangenesis” in his 1868 book The Variation of Animals
and Plants under Domestication. Luckily for Darwin he did not put that theory
in the Origin; it is full of holes. What he included instead was a very modest
idea, which he called

9
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offspring height

midparent height

Figure 1.4 Broken lines represent the heights of parents and the heights of
offspring associated with different parental pairs. The solid line represents
the average offspring heights associated with different midparent heights.

The Strong Principle of Inheritance: Offspring tend to resemble their
parents. (Darwin 1859, pp. 5, 127, 438)

This principle does not describe a mechanism whereby parents influ-
ence the traits of their offspring. It just says (for example) that taller than
average parents tend to have taller than average offspring, as depicted in
Figure 1.4. The word “tends” indicates a probabilistic relationship between
parents and offspring.'°

Darwin’s silence in the Origin about the mechanism of inheritance did
not prevent his critics from noting a big problem that his theory con-
fronted - the problem of blending inheritance. For example, suppose that
each of the organisms in a population can extract 30 percent of the nutri-
ents that are in the food they eat, and then by chance an advantageous
characteristic appears in the population that permits its bearer to extract
90 percent. Darwin would want to show that natural selection can increase
the frequency of this new trait so that, some generations hence, everyone
extracts 90 percent. The problem is that this won’t happen if there is blend-
ing inheritance. For example, suppose that when the novel 90-percenter
mates with a 30-percenter, their offspring will be able to extract 60 percent.
When one of those 60-percenters mates with a 30-percenter, their offspring
will be a 45-percenter. After numerous further generations, the novel trait

10 1l introduce the concept of mathematical expectation in Section 2.2; it can be used to
characterize the probabilistic tendency depicted in Figure 1.4 more precisely.
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Parents Offspring
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Phenotype Py P,
Genotype G, » G,

Figure 1.5 The classic Mendelian representation of development and
reproduction.

will have been “diluted” to such an extent that the population will not have
evolved at all. Fleeming Jenkin (1867) made this objection and it hit home.
The problem was solved only after Mendel’s ideas were rediscovered in the
twentieth century and then integrated with Darwinian natural selection
in what came to be called the Modern Synthesis. Mendelian genes need not
blend in their phenotypic effects; it is perfectly possible that the mating of
a 90-percenter with a 30-percenter should result in offspring that are all
90-percenters; this is what dominant genes do.

Mendelian genetics solved one problem for Darwin’s theory, but it cre-
ated another. Mendelism led to the rejection of a second principle about
inheritance that Darwin endorsed. He called it

The Principle of Use and Disuse: A trait acquired by a parent may be
inherited from that parent by its offspring. (Darwin 1859, pp. 11, 43,
134-155, 143, 168, 447, 455, 472-473, 479-480)

Here Darwin and Lamarck were on the same page. For example, they
believed that when blacksmiths working at the forge acquire big muscles,
the result will be that their children have big muscles even when they do
not exercise. Now the standard evolutionary view is to reject this idea by
invoking the Mendelian distinction between genotype and phenotype; see
Figure 1.5. The unslashed arrows represent causality, and the arrow with a
slash through it denies that there is a causal connection between parental
phenotype and offspring genotype.!!

11 Figure 1.5 fails to represent the effect of the environment on phenotype, but biologists
recognize that phenotypes are almost always influenced by both genes and environ-
ment. Ignoring or denying the role of the environment is often called “genetic deter-
minism”; it is often ridiculed, but it is sometimes a useful idealization.

11
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Biologists often trace this Mendelian picture back to August Weismann
(1892) and call it “Weismannism.” In fact, Weismann didn’t fully embrace
Mendelism, but he totally rejected the inheritance of acquired character-
istics (which he called “Lamarckism”). Weismann formulated his idea by
describing two types of cell that are found in multi-cellular organisms -
germ cells and somatic cells. Germ cells are found only in gametes; all the
other cells in the organism’s body are somatic. What parents transmit to
offspring in reproduction is their germ cells, not their somatic cells, and
changes in an organism’s soma don’t change what’s in that organism’s
germ cells.!?

1.7 Gradualism

Another feature of Darwin’s theory that survived well into the twentieth
century and still is endorsed by many biologists is his

Gradualism: Evolution almost always occurs by the accumulation of a
large number of small changes, not by the accumulation of a small number
of large changes.

Darwin was influenced by the gradualist geology that he learned from his
Cambridge teacher Charles Lyell, whose 1809 book accompanied Darwin on
the Beagle voyage (Hodge 1987; Mayr 2007). However, Darwin felt the pull
of a much more general idea. At the end of the Origin, Darwin (1859, p. 471)
expresses confidence in the general principle that “Natura non facit saltum
[nature does not make jumps], which every fresh addition to our knowl-
edge tends to make more strictly correct.” A third source for his gradualism
was his detailed understanding of how plant and animal breeders do their
work. In Variation of Animals and Plants under Domestication, Darwin (1868, p.
414) describes several varieties “that suddenly appeared in nearly the same
state as we now see them,” but adds that the overwhelming majority “were
formed by a slow process of improvement.” Darwin (1868, pp. 234-235)
explains this pattern as follows: “As conspicuous deviations of structure
occur rarely, the improvement of each breed is generally the result ... of
the selection of slight individual differences.” In another passage, Darwin is

12 Question: Does epigenetic inheritance contradict the Weismann doctrine depicted in
Figure 1.5?
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less cautious: “Slight individual differences ... suffice for [both artificial and
natural selection]|, and are probably the sole differences which are effective
in the production of new species” (p. 192). Darwin’s gradualism was “the
received view” for most of the twentieth century, but population geneticists
have found flaws in an influential argument that defends that thesis. This
change isn’t widely known in the rest of evolutionary biology, let alone
among philosophers of biology. It’s time for an update, which I'll describe
in Chapter 6.

1.8 Mutation

Darwin’s gradualism concerns the mutations that are apt to increase in
frequency in populations once they occur. This raises the question of why
mutations occur in the first place. Darwin’s answer remains a pillar in mod-

ern evolutionary theory:

Mutations are random: Mutations have their causes, but they do not occur
because they would be useful to the organisms in which they occur.

In Variation of Animals and Plants under Domestication, Darwin (1868, pp. 248-249)
explains this thesis by presenting 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 selection whether this be
natural or artificial selection.

I'll discuss the meaning and justification of the thesis that mutations are
random in Chapter 6.

Darwin thought that natural selection and mutation have something
in common. He says in his Autobiography (1958, p. 50) that “there seems to
be no more design in the variability of organic beings and in the action of
natural selection, than in the course which the wind blows.” This similar-

ity sits side by side with a difference: Mutations do not arise because they

13
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are useful, but variants that exist in a population increase in frequency
because they are useful. In both cases, the processes can and do occur with-

out guidance from an intelligent designer.

1.9 Was Darwin “Illogical”?

In his essay “Darwin’s Five Theories,” Mayr (2007, pp. 97-98) says that
Darwin was “illogical” because he failed to recognize that his theory was
in fact five distinct theories that are logically independent of each other.!?
For Mayr, this was no small failing; he says that “Darwin’s blindness to
recognize this [logical independence| became one of the main reasons for
the never-ending controversies on evolutionary biology after 1859.” Here’s

how Mayr separates the parts of the Darwinian picture:

1
2

(1) evolution as such
(2)
(3) gradualism
(4)
(5)

common descent

4) multiplication of species

5) natural selection

Although Mayr is sometimes unclear about which propositions he wants
these phrases to denote,'* his list does correspond significantly to the parts
of Darwin’s theory that I've described in this chapter.

I have two beefs with Mayr’s charge of illogicality. First, a slightly
enriched representation of Darwin’s theory shows that there are logical
dependencies among its elements. I noted earlier that common ancestry,
conjoined with the observation that current species differ in their inher-
ited characteristics, entails that evolution must have occurred, and that

13 Proposition A is logically independent of proposition B precisely when the four con-
junctions A&B, A&notB, notA&B, and notA&notB are all logically possible, meaning
that none of them is a contradiction. Probabilistic independence is different from logi-
cal independence, as I'll explain in Chapter 6.

14 For example, here is how Mayr (2007, p. 100) characterizes common descent: “every

group of organisms descended from an ancestral species.” What does Mayr mean by

“group”? If the totality of organisms alive today doesn’t count as a “group,” Mayr’s for-

mulation fails to capture the idea of universal common ancestry. Question: “Everyone

has a birthday” does not entail that there is a single day on which everyone was

born. To think otherwise is to commit what I call “the birthday fallacy” (Sober 1990,

Pp- 42-43). How does this point apply to Mayr’s characterization of common descent?


https://doi.org/10.1017/9781009376037.002

A Darwinian Introduction

universal common ancestry entails that there were no “walls” that pre-
vented one species from evolving into another. In Chapter 7, I'll describe
how Darwin and his successors have used the fact of common ancestor
to reconstruct the character states of ancestors; without common ances-
try, the character states of ancestors would have been purely conjectural,
as witnessed by Lamarck’s theory that evolution pushes lineage to evolve
from simpler to complex. In Chapter 8, I'll describe how Darwin used the
idea of common ancestry to refute some seemingly plausible hypotheses
about natural selection.

Second, I think that Darwin clearly saw that there are parts of his theory
that are logically independent of each other. For example, he recognized
the separateness of evolution and universal common ancestry. Darwin was
aware that Lamarck’s theory embraced the former while denying the lat-
ter. Darwin disliked Lamarck’s theory, but he never accused it of being log-
ically contradictory. Another example of Darwin’s logical lucidity can be
found in his discussion of the evidence that supports the different parts of
his theory. Darwin (1859, p. 427) argued that neutral and deleterious sim-
ilarities provide telling evidence for common ancestry, whereas adaptive
similarities do not. The fact that dolphins and sharks are both shaped like
torpedoes isn’t strong evidence that they have a common ancestor, since
one would expect large aquatic predators to evolve that shape even if they
lacked a common ancestor. On the other hand, the fact that humans and
monkeys both have tailbones is strong evidence for their common ances-
try, since tailbones are useless to humans. Darwin’s thoughts here, which
I'll analyze in Chapter 4, show that he realized that common ancestry and
natural selection are logically independent.

Mayr was right to separate the logically independent propositions in
Darwin’s theory, but their logical independence does not mean that they
are mutually irrelevant. One of my goals in what follows is to show how
the parts of the theory fit together. In tracing out these connections, I'll
make use of ideas from modern evolutionary theory of which Darwin never
dreamt.

15
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2 Fitness and Natural Selection

2.1 Malthusian Struggle and Competition

Darwin (1958, p. 120) reports in his Autobiography that a decisive moment
near the start of his thinking about evolution was reading Thomas Malthus’s
(1798) Essay on the Principles of Population. Darwin says he read Malthus “for
amusement,” but the impact was substantial, leading him to present a
Malthusian argument in the first chapter of the Origin for the pervasiveness
of natural selection (Darwin 1859, pp. 63-64).

Malthus does not discuss evolution in his essay, but he does postulate a
dilemma that all living things confront, human beings included:

Through the animal and vegetable kingdoms, nature has scattered the
seeds of life abroad the most profuse and liberal hand.... The germs of
existence contained in this spot of earth, with ample food, and ample room
to expand in, would fill millions of worlds in the course of a few thousand
years. Necessity, that imperious all pervading law of nature, restrains them
within the prescribed bounds. The race of plants, and the race of animals
shrink under this great restrictive law. And the race of man cannot, by any
efforts of reason, escape from it. Among plants and animals its effects are
waste of seed, sickness, and premature death. Among mankind, misery and
vice. (Malthus 1798, Chapter 27).

Malthus held that human beings, like other organisms, inevitably have more
offspring than the supply of food can sustain,! with the result that each
species, ours included, is and always will be trapped in a dismal alternation
of population growth and starvation. Darwin agreed (Vorzimmer 1969) and

! Malthus bases this thesis on two mathematical assumptions — that reproduction leads
a population to grow multiplicatively whereas the population’s food supply increases
only additively — with the result that population inevitably outstrips food. Darwin
(1859, p. 63) concurs.
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added an observation to this sweeping picture — that the organisms in a
species differ from each other in characteristics that are relevant to how
successful they’ll be at surviving and reproducing. Food scarcity induces a
selection process in which some organisms survive and reproduce more
successfully than others. If traits affecting survival and reproduction are
inherited, the population will evolve, with more successful traits increas-
ing in frequency and less successful traits declining.

Darwin (1859, p. 63) says that the Malthusian process suffices for natural
selection: “A struggle for existence inevitably follows from the high rate
at which all organic beings tend to increase.” He does not say that the
Malthusian scenario is necessary. Darwin was right to avoid that commit-
ment, since scarcity of food is just one feature of a population’s environ-
ment that can induce a selection process. For example, if organisms differ
in their ability to resist disease or to evade predators, that can set a selec-
tion process in motion even when food is abundant.

Darwin, like Malthus, was struck by nature’s superfecundity. For example,
consider the fact that apple trees produce huge numbers of apples, with
only a small fraction of the seeds in those apples growing into new trees.
Before and after Darwin’s Origin appeared, defenders of the design argu-
ment for the existence of God explained this fact by citing God’s benevo-
lence (Sober 2018). God wanted us to have apples, so he gave us trees that
make that possible, in abundance. Darwin took God out of the picture and
replaced the benevolence of God with a competition among apple trees.
A tree that produces more apples outcompetes a tree that produces fewer.
The observed superfecundity is due to mindless competition, not to intelli-
gent benevolence. Apple trees are in an arms race with each other in which
the giant reproductive output of apple trees is a result of evolution by nat-
ural selection, not a precondition for that process to occur. This is another
reason why the Malthusian story provides only a partial picture of what
evolution by natural selection involves.?

2 Just as Malthus discounts the possibility that population size might shrink because peo-
ple decide to have fewer children, Darwin’s Malthusian argument ignores the possibility
that selection might lead populations to evolve reduced reproductive rates. Malthus’s
pessimism is refuted by the so-called demographic transition (from higher birthrates and
higher infant mortality to lower birthrates and lower infant mortality) that has occurred
in many countries and is now occurring in others. Darwin’s omission is interesting in
view of what he says about group selection, a topic I'll discuss in Chapter 3.

17
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When people think of competition in nature, they often think of pred-
ator and prey. It seems natural to say that lions compete with zebras.
When a lion pursues a zebra, the lion’s meal requires the zebra’s death,
and the zebra’s escape ensures the lion’s continued hunger. If one gains,
the other loses. Charles Lyell (1830), whose influence on Darwin’s grad-
ualism I mentioned in the previous chapter, thought about competition
in this way - it’s an interspecific process. Darwin saw things differently.
Zebras compete with other zebras in an environment that contains
lions, and lions compete with other lions in an environment that con-
tains zebras. For Darwin, competition is first and foremost intraspecific
(Herbert 1971).

Darwin’s departure from Lyell was theory-driven. For Darwin, evolu-
tion by natural selection is a slow and gradual process spanning numer-
ous generations in which some traits increase in frequency and others
decline. This led him to focus on conspecific organisms. Zebras reproduce
with each other and lions do the same. In consequence, the competition
between lions and zebras decomposes into a pair of selection processes. In
one, zebras evolve new traits; in the other, lions do the same. Zebras and
lions are both organism and environment.

Darwin (1859, p. 62) says that the “struggle for existence” that occurs
when there is natural selection needs to be understood in a “large and
metaphorical sense.” He says that “two canine animals in a time of
dearth may be truly said to struggle with each other which should get
food and live. But a plant on the edge of the desert is said to struggle
for life against the drought.” Darwin might better have talked about
two plants that live miles apart in his second example. The point is that
when two dogs fight over a piece of meat, nutrition gained by one is
nutrition lost to the other. In contrast, two plants may differ in their
ability to withstand a drought without its being true that water gained
by one is water lost to the other. The dogs have a causal impact on each
other, but the fates of the two plants are separate effects of a common
cause. In the language of game theory (a twentieth-century invention
that I'll discuss in the next chapter), the struggle for existence need not
be a zero-sum game. Think of the difference in scoring between tennis
and golf (Sober 1984). For both the dogs and the plants, and in both ten-
nis and golf, there are winners and losers. I’ll use the term “competition”
to describe all four.
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2.2 Fitness

Darwin took pains in the Origin to explain that natural selection does not
require an intelligent agent who does the selecting, but he came to think
that his readers often missed this important point. Alfred Russel Wallace®
suggested a way to block that misunderstanding — that Darwin use a phrase
that the philosopher Herbert Spencer (1864) coined to characterize the
Darwinian theory — “the survival of the fittest.” Darwin introduced this
phrase in his 1868 book Variation of Animals and Plants Under Domestication
and inserted it a year later in the fifth edition of the Origin.

Although “the survival of the fittest” conveys no suggestion of con-
scious agency, it has two drawbacks. First, it encourages the misleading
impression that evolution by natural selection is all about some organ-
isms out-surviving others. This neglects the importance of reproduction.
An organism has a probability of surviving to reproductive age, and, if it
reaches reproductive age, it may achieve some degree of reproductive suc-
cess. The organism’s overall fithess depends on both its viability and its fer-
tility. These concepts need to be separated, since a trait can diminish one
while augmenting the other. I described an example of this in the previ-
ous chapter: a peacock’s gaudy tail reduces his probability of surviving to
reproductive age, but it augments his chances of reproductive success.

The second drawback is that “the survival of the fittest” sounds to some
like a tautology, meaning an empty definitional truth. This criticism is
sometimes expressed by posing and answering two questions:

e Who are the fittest? Those who survive.
e Who survives? Those who are fittest.

The coupling of these question-and-answer pairs is said to be “circular,”
and the suggestion is then advanced (often by creationists — see Bethell
1976, for example) that the theory of evolution by natural selection isn’t a
genuine scientific theory at all - it’s just a useless truism.

A logical point is needed here: Tautologies are statements of a cer-
tain kind. “If it is raining now, then it is raining now” is an example.

3 Wallace independently developed a theory of evolution that overlaps considerably
with Darwin’s. Darwin arranged for Wallace’s paper and Darwin’s summary of his
own theory to be delivered together to the Linnean Society in 1858 and to be pub-
lished in the society’s proceedings.
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The statement is made true by the definitions of the concepts that it uses.
But what statement about fitness are we talking about when we consider
whether the survival of the fittest is a tautology? I take the relevant state-
ment to be this:

The X individuals are the fittest individuals in a population at time t; if and
only if the X individuals at t; are the ones that survive until t, (where t; < t,).

This sentence is alleged to be true by definition. If it is true, what’s the
problem? The problem is that fitness at one time can’t explain survival
later on if “fitness” just means survival (Brandon 1978, Mills and Beatty
1979). The conclusion is then drawn that fitness and therefore natural
selection have no explanatory power.

One response to this challenge has been to say that fitness can be
provided with an “independent criterion” (see, e.g., Gould 1977a). If you
ask why some zebras are fitter than others, a substantive answer can be
found by examining how they differ in their morphology, physiology, and
behavior. These are the sources of their fitness differences (Sober 1984),
and the statement that one zebra is fitter than another because the first
runs faster than the second is not a tautology. However, this information
about the two zebras provides no general criterion for what it takes for
one organism to be fitter than another, and a general criterion is what
you need if you are going to define fitness. The reason that one daffodil
is fitter than another probably won’t overlap much with the reason that
one zebra is fitter than another. Philosophers describe this point by say-
ing that fitness is multiply realizable. Fitness has different physical bases in
different organisms.*

A better reply to the tautology problem is to point out that fitness is an
ability or a propensity (Brandon 1978; Mills and Beatty 1979).> When one organ-
ism survives to adulthood while another does not, it may be true that the
first had a higher probability of surviving, or it may be that they had identical
probabilities of doing so. If the former, there is a difference in their viabil-

ity; if the latter, their viabilities were identical, and the one out-survived the

4 The concept of multiple realizability has been of great importance in philosophy of
mind. In the mind-body problem, it is important to take account of the fact that men-
tal properties (like believing that it is raining or being in pain) are multiply realizable.
See Polger and Shapiro (2016) for discussion.

5 T'll use these terms interchangeably.
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other “by chance.” The same point holds if one organism has more offspring
than another; this may be because they differed in their fertilities, but it’s
entirely possible that their abilities were the same, and they differed in their
reproductive output “by chance.” I'll discuss what “chance” means more
fully in Chapter 5 when I turn to the concept of drift.

A coin-tossing analogy is helpful here. Suppose you toss coin A and
coin B repeatedly, recording how often each lands heads. If coin A landed
heads more often than coin B, this may be because A’s probability of land-
ing heads is larger than B’s, but it’s also possible that the two coins had the
same probability of landing heads. If you toss each coin twice, the fact that
the first landed heads both times while the second landed heads just once
is paltry evidence that the first had a higher probability of landing heads.
However, if you tossed each coin 100 times, and observed that the first
landed heads 76 times, while the second landed heads 38 times, that would
be substantial evidence for the first coin’s having the higher probability of
landing heads. A coin has an ability to land heads, just as an organism has
an ability to survive to adulthood. In both cases, the ability is distinct from
the observable outcome.®

Equating an organism’s fitness with its actual degree of success in sur-
viving and reproducing isn’t just a mistake; it’s a mistake with a history.
Operationalism is a philosophy that has influenced several areas of science.
As formulated by Percy Bridgman (1927), it asserts that a theoretical con-
cept must be defined by describing the observational procedures that
dictate when the concept applies and when it does not. The basic idea is
conveyed by each of the following question-and-answer pairs:

e What is an individual’s intelligence? By definition, it’s the individual’s
score on an intelligence test.
e What is an individual’s temperature? By definition, it’s what the ther-

mometer says.

® The difference between an ability and its observable manifestation is a familiar theme
in philosophical discussion of dispositions (Choi and Fara 2021). A lump of sugar is
water-soluble, even if it is never immersed in water and so never dissolves. The dispo-
sition underwrites a counterfactual conditional: “If this lump of sugar were immersed
in water (in the right way), it would dissolve.” In contrast, the bias of a coin and the
fitness of an organism need to be understood probabilistically. Philosophers sometimes
reserve the term “propensity” for probabilistic dispositions. I'll discuss the propensity
interpretation of probability in Chapter 9.
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Both of these answers are mistaken. Intelligence tests and thermometers
can be imperfectly reliable. This must be true when two procedures for
assessing temperature, or for assessing intelligence, disagree. The simple
distinction that needs to be drawn here is the difference between “x is evi-
dence for y” and “x defines y.” Granted, it should be possible for observa-
tions to provide evidence concerning whether a scientific concept applies,
but operationalism goes beyond that unobjectionable point. See Chang
(2021) for further discussion.

Although Darwin’s definition of natural selection as the survival of the
fittest is unfortunate, there is an intimate connection between selection
and fitness that needs to be recognized. A population of organisms experi-
ences natural selection at a given time if and only if the organisms in the
population differ in fitness at that time.” Darwin thought about selection
in this way and the idea has been a mainstay ever since.

As mentioned, the overall fitness of an organism has two components —
viability and fertility. Viability is defined probabilistically - it’s the
organism’s probability of surviving to reproductive age. Can fertility be
characterized probabilistically? The standard place to begin is the idea of
mathematical expectation. If you toss a fair coin three times, there are eight
possible outcome sequences (HHH, HHT, HTH, THH, TTH, THT, HTT, TTT),
and each has a probability of % The expected number of heads in this
three-toss experiment is 1.5, meaning (roughly) that that’s the average
number of heads you’d get if you did this three-toss experiment repeatedly.
Why is 1.5 the expected number? Here’s how to do the math: When you
toss the coin three times, there’s a probability of % that you’ll get 3 heads,

a probability of % that you’ll get two, a probability of % that you’ll get 1,

and a probability of 1 that you’ll get 0. The weighted average of these four

8
possible outcomes is the expected value: O(%) + 1(%) +2 (%) + 3[%) = %

Notice that the expected number of heads when you toss the coin three
times is not the number of heads you should expect when you toss the coin
three times.

7 Notice that this definition is compatible with a given organism’s fitness changing,
which is a good thing, since the organism’s environment can change. Ramsey’s (2006)
concept of block fitness rules this out. See Millstein (2009) for discussion of what a popu-
lation is.
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An organism’s expected number of offspring is the average number of
offspring it would have if it lived its life again and again in the same cir-
cumstances. If py is the organism’s probability of having zero offspring, p,
is the organism’s probability of having exactly one offspring and so on, then

the organism’s expected number of offspring
=(0)po +(1)p1 +(2)p2 +...+(n)pn = D_i(1;).

Since an organism’s overall fitness is the mathematical product of its
viability (its probability of reaching reproductive age) and its fertility (its
expected number of offspring if it reaches reproductive age), the organ-
ism’s overall fitness is itself a mathematical expectation.®

Notice that I have described fertility without requiring that offspring
resemble their parents.’ This separation is mandated by a central idea in

the field of quantitative genetics called the breeder’s equation:
response to selection = intensity of selection x heritability

The intensity of selection represents how much variation in fitness there is
in the population (Plomin et al. 2017). The response to selection describes
how much change in trait frequency (or in the average value of a quantita-
tive phenotype) there will be in the next generation. The response to selec-
tion is zero if the heritability is zero. Selection does not entail evolution.!®

2.3 Fitness Refined

The definition of overall fitness in terms of viability and fertility requires
two modifications. The first has to do with its one-generation time frame.
Why talk only about offspring? What about grand offspring, and more
remote descendants?

Sometimes you can think about the long-term effects of selection by
using a one-generation time frame for the concept of fitness. If the fast
zebras in each generation of a herd evade lion attacks more successfully

8 Question: How does the concept of mathematical expectation apply to the relation-
ship of mid-parent height to offspring height depicted in Figure 1.4?

° The two are sometimes blended together; see, for example, Brandon’s (1978) principle
D and Byerly and Michod’s (1991) definition of fitness, the latter of which Maynard
Smith (1991) criticizes.

10 Examples of selection without evolution will be described in Sections 3.8 and 8.3.
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than do their slow contemporaries, the herd will gradually evolve a faster
average running speed over multiple generations. What happens in the
long term is just the sum of what happens in a sequence of short terms.
However, sometimes a one-generational time frame is insufficient. An
interesting example in which the time frame needs to be widened is the
evolution of sex ratio. Why is the human sex ratio around 51 percent males
at birth, while other species have sex ratios that are strongly female-biased?
To theorize about how natural selection influences population sex ratio,
the usual strategy (initiated by Darwin 1871, and refined by Diising 1884,
Fisher 1930, Hamilton 1967, and others; see Sober 2011b for discussion)
is to think about a parent’s sex-ratio strategy, meaning the mix of sons and
daughters that the parent produces.

How can a parent that has 5 sons and 5 daughters do better in terms
of reproductive success than a parent in the same population who has
10 sons and 0 daughters, or 0 sons and 10 daughters? If fitness just
means expected number of offspring, the three strategies are equally fit.
Darwin’s insight, made more precise by Diising, was to think about grand
offspring. Consider three generations in a population - the parents (G),
the offspring (G,), and the grand offspring (Gj). If there are m males and
f females in G, and t individuals in G, then the average male in G, has
m/t offspring in G; and the average female has fjt. This means that if
there are more males than females in G,, a parent in G; will maximize
her number of grand offspring in Gj; if she produces all daughters; sym-
metrically, if there are more females than males in G,, a parent in G, does
best by producing all sons.!

The second modification that needs to be made in the definition of fer-
tility fitness (and hence of overall fitness) concerns the idea that fitness
is a mathematical expectation. I'll now describe two examples in which
two traits begin with equal frequencies in the population, have the same
expected number of offspring, but differ from each other in their variance
in offspring number.

The first example involves between-generation variance in offspring number.
Individuals with trait A always have 2 offspring, whereas the individuals

11 A simpler example that also illustrates the need for thinking about grand offspring in
the definition of fitness comes from our own species. If parents provide resources to
their grandchildren, selection can influence the evolution of this behavior.
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with trait B in a given generation all have 1 offspring or all have 3, with equal
probability.!? The expected number of offspring is 2 for both traits. Assume
that individuals in one generation die after reproducing asexually, and that
offspring always resemble their parents. To consider the simplest case in
which the two traits differing in their variance affects their evolution, sup-
pose there is 1 A individual and 1 B individual in the first generation. This
means that there will be 2 A individuals in the next generation and either 1
B individual or 3, with equal probability. Although the two traits begin with
the same population frequency and have the same expected number of off-
spring, their expected frequencies'® in the next generation differ:
Expected frequency of A in generation two = (%)[% + gj =0.533

Expected frequency of B in generation two = (%)(% + g) =0.467

Where do these numbers come from? For trait A, there’s a 50 percent
chance that the population will be % A and a 50 percent chance that it will
be % A; for B, there’s a 50 percent chance that the population will be % B

and a 50 percent chance that it will be g B. In this example, the trait with
the lower variance is the one that increases in frequency (in expectation).
A second way in which variance can be relevant to fitness involves
within-generation variance in offspring number. Gillespie (1974) provides the
nice example of a bird species in which a nest of eggs has a probability of
being destroyed by predators of 0.9. Suppose birds with trait C lay 10 eggs
in just one nest, while birds with trait D create two nests containing 5 eggs
each. C individuals have a probability of 0.9 of having 0 offspring hatch and
a probability of 0.1 of having 10. D individuals have a probability of (0.9)
of having 0 offspring, a probability of 2(0.9)(0.1) of having 5, and a proba-
bility of (0.1)* of having 10. The expected number of offspring is the same
(= 1), but the C strategy of putting all eggs in a single nest has the higher
variance in outcomes. Again for a simple example, suppose the population
starts with one individual of each type. In the next generation, there will be
either 0 C individuals or 10, and there will be either 0, 5, or 10 D individuals.

12 The variance of a quantitative variable is its average squared deviation from the mean.
Trait B’s variance in fitness is (%) [(2 ~1°+(2- 3)2} =1.

13 Here “expected frequencies” means the mathematical expectation.
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Table 2.1 The probability of six population configurations in the offspring
generation and the [bracketed] proportion of C individuals in each

Number of D individuals

0 5 10

0 0.9(0.9) 0.9(2)(0.1)(0.9) | 0.9(0.1)

N o [-] [0/5] [0/10]
umber of C individuals
10 | 0.1(0.9) 0.1(2)(0.1)(0.9) | 0.1(0.1)
[10/10] [10/15] [10/20]

Table 2.1 describes the probabilities of the six possible configurations of the
offspring generation and the fraction of C individuals in each. The upshot is
that the expected frequency of C in the offspring generation is

1

(1)(0.1)(0.9)% + @(z)(oqf (0.9)+ (Ej(oqf
) 1-(0.9)°
so the expected frequency of D is 0.655. The trait with the higher variance

=0.345,

in outcomes declines in frequency (in expectation). I hope this example
reminds you of an aphorism - Don’t put all your eggs in one basket. Just as vari-
ance in outcomes matters when people decide how to invest time, money,
and effort in their projects, so variance in offspring number matters to
fitness in evolutionary biology. The phrase “bet hedging” applies to both.'*

Evolutionary biologists use the following rule of thumb: Fitter traits
increase in frequency in a population and less fit traits decline when
selection controls the evolutionary process.!® This means that a proper

14 Question: How can a bird that puts its eggs in two nests be reducing variance, as com-
pared to a bird that puts all its eggs in one, since the first bird has more nests than the
second?

15 The meaning of this rule is clear when there are just two traits to consider, but what

if there are three or more? For example, consider three mutually exclusive traits A, B,

and C, where A is fitter than B, and B is fitter C. The rule tells you that A will increase

in frequency and C will decline, but what happens to B? The answer is that a trait
increases in frequency (when selection is in control) precisely when the trait’s fitness
is greater than the average fitness of all the traits. More precisely, if A, B, and C have
frequencies in the population of f,, f;,, and f. respectively (where £, + f;, + f. = 1), and the
traits have fitnesses w,, w;,, and w,, then a trait increases in frequency precisely when
its fitness exceeds w,f, + wpf}, + w f..
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definition of fitness must take account of factors that go beyond an organ-
ism’s viability and its expected number of offspring if it reaches adult-
hood. Variance matters too. Notice how the theoretical role played by
fitness in modeling selection processes is relevant to defining what fitness
is (Sober 2001a).

So far I've described three “components of fitness” — an organism’s via-
bility (= its probability of surviving from conception to reproductive age),
its fertility (= its expected number of offspring if it reaches maturity), and
its variance in offspring number. This list of relevant factors is not com-
plete; if the expected number and the variance matter, so do skew and
kurtosis (Beatty and Finsen 1989); these are further properties that a prob-
ability distribution has. I have not described how these different consid-
erations should be assembled into an equation that defines fitness as a
definite mathematical function of these and other relevant factors. That’s
an interesting question, but I will not pursue it here; see Frank and Slatkin
(1990), Pence and Ramsey (2013), Hansen (2017), and Maxwell (2024 unpub-
lished) for discussion. None of these points undermines the idea that an
organism’s fitness is an ability the organism has.

2.4 Estimating Fitnesses

The bias of a coin and the viability of an organism are both abilities that
can be defined by using the concept of probability, but there’s an import-
ant difference between the two. Coins can be tossed repeatedly, but organ-
isms taste of life but once. Just as tossing a coin once does not allow you
to obtain a good estimate of its probability of landing heads, you also can’t
estimate the probability a single organism has of surviving to reproductive
age on the basis of whether it does so. True, if the organism in question
were cloned a thousand times and the clones were reared in identical envi-
ronments, the result of that experiment would provide ample evidence for
estimating the organism’s probability of surviving. However, this possibil-
ity does you no good if the organisms you’re actually looking at have differ-
ent genotypes and phenotypes, live in different environments, and there’s
no way you can carry out the nice experiment just described.

My pessimism about estimating the viabilities of single organisms has an
exception. If you know that the organism has a trait that will kill it before
it reaches reproductive age no matter what other traits it has, you can
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conclude that the organism has a viability fitness of zero. My claim there-
fore is this: The viabilities of single organisms typically cannot be estimated.

Fertility is a somewhat different story. An organism has just one life to
live, but organisms often have repeated opportunities to reproduce, and
in each bout of reproduction, they might produce different numbers of
offspring; such organisms are said to be iteroparous. Perhaps the lifetime
reproductive success of these organisms permits one to estimate their
expected number of offspring.'® However, this fact about their fertility
doesn’t save the day for estimating an organism’s overall fitness. This quan-
tity depends on both viability and fertility, which means that an organ-
ism’s overall fitness typically can’t be estimated, since its viability typically
can’t be estimated."”

If the overall fitness of an individual organism usually can’t be esti-
mated, the same point holds for the fitness of a special type of trait. Think
of all the genetic and phenotypic traits (Ty, T, ..., T,) that a single organism
has, and now consider the conjunction of these traits (T;&T,&...&T,). That
conjunction describes what I’ll call the organism’s total trait complex. There
is a connection between an organism’s fitness and the fitness of the total
trait complex that the organism has:

(CONNECT-1) The overall fitness of individual i in environment e = the
fitness of the total trait complex that i has in e.

This principle entails something that I think is obvious - that two indi-
viduals that have exactly the same total trait complex and live in exactly
the same environment must have the same fitness.!8 Philosophers put this
point by saying that an organism’s fitness supervenes on the totality of traits
that it and its environment have. Organisms can’t differ in fitness unless
they have different traits or live in different environments.!® My argument

16 The inferential situation is more dismal for organisms that reproduce just once; they
are semelparous. Pacific salmon swim upstream to the place where they were born,
reproduce, and die.

17 Pence and Ramsey (2015, p. 1089) disagree, arguing that the fitnesses of single organ-
isms are knowable, but what they in fact point out is just that a single organism’s
survival and degree of reproductive success are knowable.

18 In similar fashion, two coins that are identical in their physical properties and that are
tossed in exactly the same way must have the same probability of landing heads.

19 Supervenience is a determination relation, but the relationship of an organism’s total
trait complex and its environment at time t to the organism’s fitness at time t is
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that a single organism’s fitness is typically unknowable entails that the
fitness of its total trait complex is too.

The problem faced here is different from the tautology problem. The
tautology problem has to do with defining fitness; its solution is to recog-
nize that fitness is an ability. The present problem concerns estimating fit-
ness values, once you grant that fitness is an ability. Evolutionary biology
deploys a neat solution to the estimation problem. It changes the subject.
Instead of trying to estimate the fitnesses of single organisms (and the fit-
nesses of total trait complexes), it sets its sight on estimating the fitnesses
of traits that are found in multiple organisms. I'll call these traits “single
traits” to distinguish them from total trait complexes; the latter are large
conjunctions, while the former are the conjuncts that appear in multiple
conjunctions. Consider the single trait of running fast. The fast zebras in
a population at a given time are different from each other in numerous
respects that affect their fitness, but you can estimate the average viability
of those fast zebras by observing the frequency with which they survive
from birth to reproductive age. Estimating the viability of a single trait is
like taking a thousand differently shaped coins and tossing each just once.
The observed frequency of heads doesn’t tell you what each coin’s probabil-
ity of landing heads is, but it does allow you to estimate the average proba-
bility of landing heads in that heterogeneous hundred-coin ensemble.

The shift from thinking about the fitnesses of single organisms to think-
ing about the fitnesses of single traits fits nicely with the overall objectives of
evolutionary biology. Evolution by natural selection is a multi-generational
process. Discussions of evolution by natural selection focus on a trait’s
change in frequency through multiple generations. However, every sexual
organism in the history of a species has a unique total trait complex.?° It is
single traits (and some conjunctions of single traits) that are exemplified in
multiple generations in a population and change their frequencies.

Evolutionary biologists have developed numerous models that charac-
terize which traits are fitter than which others in this or that circumstance.

not causal if cause must precede effect. The relationship of an organism’s fitness to
its other traits resembles the relationship of a coin’s probability at time t of landing
heads if it is tossed to the physical characteristics of the coin and its tossing environ-
ment at time t.

20 What about so-called identical twins? It is better to call them monozygotic. Their environ-
ments aren’t identical, and mutations occur in one twin that do not occur in the other.
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My brief discussion of sex ratio evolution provided a glimpse of what those
theories look like, as does Gillespie’s example of not putting all your eggs
in one basket. I'll discuss other such models in Chapters 3 and 8. Do such
models solve the problem of figuring out what the fitnesses are of single
organisms? No, these models are about single traits, not single organisms.
For example, when there is selection for the sex ratio strategy of producing
all daughters, this doesn’t mean that the parents who deploy that strat-
egy must have the same fitness. That’s a good thing, since those parents
inevitably differ from each other in numerous respects that affect their

fitnesses.

2.5 Type and Token

I hope my contrast between the fitness of a single organism and the fitness
of a single trait is clear as it stands, but the double use of the word “single”
may be a stumbling block. This impediment is easily removed by using
the standard philosophical distinction between token and type. Consider the
ambiguity that is involved in saying that Jack and Jill own the same book.
This might mean that there are two token books that are of the same type,
one owned by Jack and the other by Jill, but it also can mean that there is
a single token book that they co-own. The view I defended in the previous
section is that the fitnesses of token organisms are mostly unknowable, but
the same is often not true of the fitnesses of types of organism.

The type/token distinction applies to other topics in the philosophy of
evolutionary biology. The claim of universal common ancestor (Section 1.1)
is a claim about a token ancestor; this goes beyond the claim that present
living things trace back to multiple token ancestors that share some of
their traits. The biological terms “genotype” and “phenotype” accord with
philosophical usage, as they refer to types, not to tokens. However, biolo-
gists sometimes talk about gene tokens in models of random genetic drift
and in models of coalescence, as I'll explain in Chapters 5 and 9.

Fallacies sometimes arise by confusing type and token. Williams (1966,
pPp. 22-24) argues that genes are the “units of selection” (a concept I'll
explore in the next chapter) because the same gene can exist in a long
stretch of generations; in contrast, he says that organisms and groups can’t
be units of selection because they exist for much shorter stretches of time.
Dawkins (1982) repeats this argument. What is true is that a gene type can
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be exemplified in indefinitely many generations, but the same is true of
the properties of organisms and groups. On the other hand, gene tokens are
at least as evanescent as token organisms and token groups.

2.6 Trait Fitnesses Are Averages

Although I've taken pains to distinguish the fitness of a token organism
from the fitness of a trait, I noted a special context in which the two have
the same value. As stated in the CONNECT-1 proposition, the fitness of a
token organism in a given environment is identical with the fitness of that
organism’s total trait complex in that environment. An organism’s total
trait complex needs to be distinguished from the numerous singleton traits
it has, but CONNECT-1 can be used to derive a second proposition that
describes how the fitness of a trait is connected to the fitnesses of token
organisms (Sober 2013):

(CONNECT-2) The fitness of trait T in population p at time t = the average
fitness of the token individuals that have T in p at t.

To see why CONNECT-2 follows from CONNECT-1, let’s consider a simple
example in which x, y, and z are the only individuals in the population
that have trait T at a given time, and those individuals have total trait com-
plexes X, Y, and Z, respectively. For simplicity, let’s restrict our attention
to viability fitnesses. To begin, note what the viability fitness of a trait is:

The viability fitness of trait T = Pr(individual i survives to reproductive age

|ihasT)

Notice that the conditional probability?! in this statement involves con-
ditionalizing just on the fact that i has T; it says nothing more about
1’s total trait complex. Since there are only three individuals that have
trait T in this example, you can describe the viability fitness of trait T
as follows:

Pr(individual i survives to reproductive age | i has T) =

(

Pr(individual i survives to reproductive age | i has X)Pr(i has X | i has T) +

Pr(individual i survives to reproductive age | i has Y)Pr(i has Y |ihas T) +
(

Pr(individual i survives to reproductive age | i has Z)Pr(i has Z | i has T)

21 “pr(B | A)” should be read as the probability that B would have if A were true (“the
probability of B given A”).

31


https://doi.org/10.1017/9781009376037.003

32

The Philosophy of Evolutionary Theory

There are three addends on the right-hand side of this equation, and each
addend has two product terms. In each addend, the first product term is
the fitn