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Abstract Natural selection is one of the central mechanisms
of evolutionary change and is the process responsible for the
evolution of adaptive features. Without a working knowledge
of natural selection, it is impossible to understand how or why
living things have come to exhibit their diversity and
complexity. An understanding of natural selection also is
becoming increasingly relevant in practical contexts, including
medicine, agriculture, and resource management. Unfortunate-
ly, studies indicate that natural selection is generally very
poorly understood, even among many individuals with
postsecondary biological education. This paper provides an
overview of the basic process of natural selection, discusses the
extent and possible causes ofmisunderstandings of the process,
and presents a review of the most commonmisconceptions that
must be corrected before a functional understanding of natural
selection and adaptive evolution can be achieved.

Keywords Adaptation . Darwin . Evolution . Fitness .

Mutation . Population . Variation

“There is probably no more original, more complex,
and bolder concept in the history of ideas than
Darwin's mechanistic explanation of adaptation.”

Ernst Mayr (1982, p.481)

Introduction

Natural selection is a non-random difference in reproductive
output among replicating entities, often due indirectly to
differences in survival in a particular environment, leading to

an increase in the proportion of beneficial, heritable
characteristics within a population from one generation to
the next. That this process can be encapsulated within a
single (admittedly lengthy) sentence should not diminish the
appreciation of its profundity and power. It is one of the core
mechanisms of evolutionary change and is the main process
responsible for the complexity and adaptive intricacy of the
living world. According to philosopher Daniel Dennett
(1995), this qualifies evolution by natural selection as “the
single best idea anyone has ever had.”

Natural selection results from the confluence of a small
number of basic conditions of ecology and heredity. Often,
the circumstances in which those conditions apply are of
direct significance to human health and well-being, as in the
evolution of antibiotic and pesticide resistance or in the
impacts of intense predation by humans (e.g., Palumbi 2001;
Jørgensen et al. 2007; Darimont et al. 2009). Understanding
this process is therefore of considerable importance in both
academic and pragmatic terms. Unfortunately, a growing
list of studies indicates that natural selection is, in general,
very poorly understood—not only by young students and
members of the public but even among those who have had
postsecondary instruction in biology.

As is true with many other issues, a lack of understanding
of natural selection does not necessarily correlate with a lack
of confidence about one's level of comprehension. This could
be due in part to the perception, unfortunately reinforced by
many biologists, that natural selection is so logically
compelling that its implications become self-evident once
the basic principles have been conveyed. Thus, many
professional biologists may agree that “[evolution] shows
how everything from frogs to fleas got here via a few easily
grasped biological processes” (Coyne 2006; emphasis
added). The unfortunate reality, as noted nearly 20 years
ago by Bishop and Anderson (1990), is that “the concepts of
evolution by natural selection are far more difficult for
students to grasp than most biologists imagine.” Despite
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common assumptions to the contrary by both students and
instructors, it is evident that misconceptions about natural
selection are the rule, whereas a working understanding is
the rare exception.

The goal of this paper is to enhance (or, as the case may be,
confirm) readers' basic understanding of natural selection.
This first involves providing an overview of the basis and
(one of the) general outcomes of natural selection as they are
understood by evolutionary biologists1. This is followed by a
brief discussion of the extent and possible causes of
difficulties in fully grasping the concept and consequences
of natural selection. Finally, a review of the most widespread
misconceptions about natural selection is provided. It must
be noted that specific instructional tools capable of creating
deeper understanding among students generally have
remained elusive, and no new suggestions along these lines
are presented here. Rather, this article is aimed at readers
who wish to confront and correct any misconceptions that
they may harbor and/or to better recognize those held by
most students and other non-specialists.

The Basis and Basics of Natural Selection

Though rudimentary forms of the idea had been presented
earlier (e.g., Darwin and Wallace 1858 and several others
before them), it was in On the Origin of Species by Means
of Natural Selection that Darwin (1859) provided the first
detailed exposition of the process and implications of
natural selection2. According to Mayr (1982, 2001),
Darwin's extensive discussion of natural selection can be
distilled to five “facts” (i.e., direct observations) and three
associated inferences. These are depicted in Fig. 1.

Some components of the process, most notably the
sources of variation and the mechanisms of inheritance,
were, due to the limited available information in Darwin's
time, either vague or incorrect in his original formulation.
Since then, each of the core aspects of the mechanism has
been elucidated and well documented, making the modern
theory3 of natural selection far more detailed and vigorous-
ly supported than when first proposed 150 years ago. This
updated understanding of natural selection consists of the
elements outlined in the following sections.

Overproduction, Limited Population Growth,
and the “Struggle for Existence”

A key observation underlying natural selection is that, in
principle, populations have the capacity to increase in
numbers exponentially (or “geometrically”). This is a
simple function of mathematics: If one organism produces
two offspring, and each of them produces two offspring,
and so on, then the total number grows at an increasingly
rapid rate (1 → 2 → 4 → 8 → 16 → 32 → 64... to 2n after
n rounds of reproduction).

The enormity of this potential for exponential growth is
difficult to fathom. For example, consider that beginning with
a single Escherichia coli bacterium, and assuming that cell
division occurs every 30 minutes, it would take less than a
week for the descendants of this one cell to exceed the mass
of the Earth. Of course, exponential population expansion is
not limited to bacteria. As Nobel laureate Jacques Monod
once quipped, “What is true for E. coli is also true for the
elephant,” and indeed, Darwin (1859) himself used elephants
as an illustration of the principle of rapid population growth,
calculating that the number of descendants of a single pair
would swell to more than 19,000,000 in only 750 years4.
Keown (1988) cites the example of oysters, which may
produce as many as 114,000,000 eggs in a single spawn. If
all these eggs grew into oysters and produced this many eggs
of their own that, in turn, survived to reproduce, then within
five generations there would be more oysters than the
number of electrons in the known universe.

Clearly, the world is not overrun with bacteria, ele-
phants, or oysters. Though these and all other species
engage in massive overproduction (or “superfecundity”)
and therefore could in principle expand exponentially, in
practice they do not5. The reason is simple: Most offspring
that are produced do not survive to produce offspring of
their own. In fact, most population sizes tend to remain
relatively stable over the long term. This necessarily means
that, on average, each pair of oysters produces only two
offspring that go on to reproduce successfully—and that
113,999,998 eggs per female per spawn do not survive (see
also Ridley 2004). Many young oysters will be eaten by
predators, others will starve, and still others will succumb
to infection. As Darwin (1859) realized, this massive
discrepancy between the number of offspring produced

1 For a more advanced treatment, see Bell (1997, 2008) or consult any
of the major undergraduate-level evolutionary biology or population
genetics textbooks.
2 The Origin was, in Darwin's words, an “abstract” of a much larger
work he had initially intended to write. Much of the additional
material is available in Darwin (1868) and Stauffer (1975).
3 See Gregory (2008a) for a discussion regarding the use of the term
“theory” in science.

4 Ridley (2004) points out that Darwin's calculations require over-
lapping generations to reach this exact number, but the point remains
that even in slow-reproducing species the rate of potential production
is enormous relative to actual numbers of organisms.
5 Humans are currently undergoing a rapid population expansion, but
this is the exception rather than the rule. As Darwin (1859) noted,
“Although some species may now be increasing, more or less rapidly,
in numbers, all cannot do so, for the world would not hold them.”
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and the number that can be sustained by available resources
creates a “struggle for existence” in which often only a tiny
fraction of individuals will succeed. As he noted, this can
be conceived as a struggle not only against other organisms
(especially members of the same species, whose ecological
requirements are very similar) but also in a more abstract
sense between organisms and their physical environments.

Variation and Inheritance

Variation among individuals is a fundamental requirement
for evolutionary change. Given that it was both critical to
his theory of natural selection and directly counter to much
contemporary thinking, it should not be surprising that
Darwin (1859) expended considerable effort in attempting
to establish that variation is, in fact, ubiquitous. He also
emphasized the fact that some organisms—namely rela-
tives, especially parents and their offspring—are more
similar to each other than to unrelated members of the
population. This, too, he realized is critical for natural
selection to operate. As Darwin (1859) put it, “Any
variation which is not inherited is unimportant for us.”
However, he could not explain either why variation existed
or how specific characteristics were passed from parent to
offspring, and therefore was forced to treat both the source

of variation and the mechanism of inheritance as a “black
box.”

The workings of genetics are no longer opaque. Today, it is
well understood that inheritance operates through the replica-
tion of DNA sequences and that errors in this process
(mutations) and the reshuffling of existing variants (recombi-
nation) represent the sources of new variation. In particular,
mutations are known to be random (or less confusingly,
“undirected”) with respect to any effects that they may have.
Any given mutation is merely a chance error in the genetic
system, and as such, its likelihood of occurrence is not
influenced by whether it will turn out to be detrimental,
beneficial, or (most commonly) neutral.

As Darwin anticipated, extensive variation among
individuals has now been well established to exist at the
physical, physiological, and behavioral levels. Thanks to
the rise of molecular biology and, more recently, of
genomics, it also has been possible to document variation
at the level of proteins, genes, and even individual DNA
nucleotides in humans and many other species.

Non-random Differences in Survival and Reproduction

Darwin saw that overproduction and limited resources
create a struggle for existence in which some organisms
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Fig. 1 The basis of natural
selection as presented by
Darwin (1859), based on the
summary by Mayr (1982)
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will succeed and most will not. He also recognized that
organisms in populations differ from one another in terms
of many traits that tend to be passed on from parent to
offspring. Darwin's brilliant insight was to combine these
two factors and to realize that success in the struggle for
existence would not be determined by chance, but instead
would be biased by some of the heritable differences that
exist among organisms. Specifically, he noted that some
individuals happen to possess traits that make them slightly
better suited to a particular environment, meaning that they
are more likely to survive than individuals with less well
suited traits. As a result, organisms with these traits will, on
average, leave more offspring than their competitors.

Whereas the origin of a new genetic variant occurs at
random in terms of its effects on the organism, the
probability of it being passed on to the next generation is
absolutely non-random if it impacts the survival and
reproductive capabilities of that organism. The important
point is that this is a two-step process: first, the origin of
variation by random mutation, and second, the non-random
sorting of variation due to its effects on survival and
reproduction (Mayr 2001). Though definitions of natural
selection have been phrased in many ways (Table 1), it is
this non-random difference in survival and reproduction
that forms the basis of the process.

Darwinian Fitness

The Meaning of Fitness in Evolutionary Biology

In order to study the operation and effects of natural
selection, it is important to have a means of describing and
quantifying the relationships between genotype (gene
complement), phenotype (physical and behavioral features),
survival, and reproduction in particular environments. The
concept used by evolutionary biologists in this regard is
known as “Darwinian fitness,” which is defined most
simply as a measure of the total (or relative) reproductive
output of an organism with a particular genotype (Table 1).
In the most basic terms, one can state that the more
offspring an individual produces, the higher is its fitness. It
must be emphasized that the term “fitness,” as used in
evolutionary biology, does not refer to physical condition,
strength, or stamina and therefore differs markedly from its
usage in common language.

“Survival of the Fittest” is Misleading

In the fifth edition of the Origin (published in 1869),
Darwin began using the phrase “survival of the fittest”,
which had been coined a few years earlier by British
economist Herbert Spencer, as shorthand for natural

selection. This was an unfortunate decision as there are
several reasons why “survival of the fittest” is a poor
descriptor of natural selection. First, in Darwin's context,
“fittest” implied “best suited to a particular environment”
rather than “most physically fit,” but this crucial distinction
is often overlooked in non-technical usage (especially when
further distorted to “only the strong survive”). Second, it
places undue emphasis on survival: While it is true that
dead organisms do not reproduce, survival is only impor-
tant evolutionarily insofar as it affects the number of
offspring produced. Traits that make life longer or less
difficult are evolutionarily irrelevant unless they also
influence reproductive output. Indeed, traits that enhance
net reproduction may increase in frequency over many
generations even if they compromise individual longevity.
Conversely, differences in fecundity alone can create
differences in fitness, even if survival rates are identical
among individuals. Third, this implies an excessive focus
on organisms, when in fact traits or their underlying genes
equally can be identified as more or less fit than
alternatives. Lastly, this phrase is often misconstrued as
being circular or tautological (Who survives? The fittest.
Who are the fittest? Those who survive). However, again,
this misinterprets the modern meaning of fitness, which can
be both predicted in terms of which traits are expected to be
successful in a specific environment and measured in terms
of actual reproductive success in that environment.

Which Traits Are the Most Fit?

Directional natural selection can be understood as a process
by which fitter traits (or genes) increase in proportion
within populations over the course of many generations. It
must be understood that the relative fitness of different
traits depends on the current environment. Thus, traits that
are fit now may become unfit later if the environment
changes. Conversely, traits that have now become fit may
have been present long before the current environment
arose, without having conferred any advantage under
previous conditions. Finally, it must be noted that fitness
refers to reproductive success relative to alternatives here
and now—natural selection cannot increase the proportion
of traits solely because they may someday become
advantageous. Careful reflection on how natural selection
actually works should make it clear why this is so.

Natural Selection and Adaptive Evolution

Natural Selection and the Evolution of Populations

Though each has been tested and shown to be accurate, none
of the observations and inferences that underlies natural
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Table 1 Glossary definitions of “natural selection” and “fitness” from leading evolutionary textbooks

Reference Natural selection Fitness

Ridley (2004) The process by which the forms of
organisms in a population that are
best adapted to the environment increase
in frequency relative to less well-adapted
forms over a number of generations

The average number of offspring produced by
individuals with a certain genotype, relative
to the number produced by individuals with
other genotypes. When genotypes differ in
fitness because of their effects on survival,
fitness can be measured as the ratio of a
genotype's frequency among the adults
divided by its frequency among
individuals at birth

Futuyma (2005) The differential survival and/or reproduction
of classes of entities that differ in one or
more characteristics. To constitute natural
selection, the difference in survival and/or
reproduction cannot be due to chance, and
it must have the potential consequence of
altering the proportions of the different entities.
Thus, natural selection is also definable as a
deterministic difference in the contribution of
different classes of entities to subsequent
generations. Usually, the differences are
inherited. The entities may be alleles, genotypes
or subsets of genotypes, populations, or, in the
broadest sense, species. A complex concept

The success of an entity in reproducing;
hence, the average contribution of an
allele or genotype to the next generation
or to succeeding generations

Stearns and Hoekstra (2005) The correlation of a trait with variation in
reproductive success

Relative lifetime reproductive success, which
includes the probability of surviving to
reproduce. In certain situations, other measures
are more appropriate. The most important
modifications to this definition include the
inclusion of the effects of age-specific
reproduction and of density dependence

Rose and Mueller (2006) The differential net reproduction of genetically
distinct entities, whether mobile genetic elements,
organisms, demes, or entire species

The average reproduction of an individual
or genotype, calibrated over a complete
life cycle

Barton et al. (2007) The process by which genotypes with higher
fitness increase in frequency in a population

The number of offspring left by an individual
after one generation. The fitness of an allele
is the average fitness of individuals
carrying that allele

Freeman and Herron (2007) A difference, on average, between the survival
or fecundity of individuals with certain
phenotypes compared with individuals
with other phenotypes

The extent to which an individual contributes
genes to future generations or an individual's
score on a measure of performance expected
to correlate with genetic contribution to
future generations (such as lifetime
reproductive success)

Hall and Hallgrimsson (2008) Differential reproduction or survival of replicating
organisms caused by agencies other than humansa.
Because such differential selective effects are
widely prevalent and often act on hereditary
(genetic) variations, natural selection is a common
major cause for a change in the gene frequencies
of a population that leads to a new distinctive
genetic constitution (evolution)

Central to evolutionary theory evaluating
genotypes and populations, fitness has
many definitions, ranging from comparing
growth rates to comparing long-term survival
rates. The basic fitness concept that population
geneticists commonly use is relative reproductive
success, as governed by selection in a particular
environment

Kardong (2008) The culling process by which individuals
with beneficial traits survive and reproduce
more frequently, on average, than individuals
with less favorable traits

The relative reproductive success of
individuals, within a population, in leaving
offspring in the next generation. At the genetic
level, fitness is measured by the relative success
of one genotype (or allele) compared to other
genotypes (or alleles)

a This means to draw a distinction between “natural selection” and “artificial selection,” but the lines are not so clear (see Gregory 2009)
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selection is sufficient individually to provide a mechanism for
evolutionary change6. Overproduction alone will have no
evolutionary consequences if all individuals are identical.
Differences among organisms are not relevant unless they
can be inherited. Genetic variation by itself will not result in
natural selection unless it exerts some impact on organism
survival and reproduction. However, any time all of Darwin's
postulates hold simultaneously—as they do in most pop-
ulations—natural selection will occur. The net result in this
case is that certain traits (or, more precisely, genetic variants
that specify those traits) will, on average, be passed on from
one generation to the next at a higher rate than existing
alternatives in the population. Put another way, when one
considers who the parents of the current generation were, it
will be seen that a disproportionate number of them
possessed traits beneficial for survival and reproduction in
the particular environment in which they lived.

The important points are that this uneven reproductive
success among individuals represents a process that occurs in
each generation and that its effects are cumulative over the
span of many generations. Over time, beneficial traits will
become increasingly prevalent in descendant populations by
virtue of the fact that parents with those traits consistently
leave more offspring than individuals lacking those traits. If
this process happens to occur in a consistent direction—say,
the largest individuals in each generation tend to leave more
offspring than smaller individuals—then there can be a
gradual, generation-by-generation change in the proportion
of traits in the population. This change in proportion and not
the modification of organisms themselves is what leads to
changes in the average value of a particular trait in the
population. Organisms do not evolve; populations evolve.

Adaptation

The term “adaptation” derives from ad + aptus, literally
meaning “toward + fit”. As the name implies, this is the
process by which populations of organisms evolve in such a
way as to become better suited to their environments as
advantageous traits become predominant. On a broader scale,
it is also how physical, physiological, and behavioral features
that contribute to survival and reproduction (“adaptations”)
arise over evolutionary time. This latter topic is particularly
difficult for many to grasp, though of course a crucial first
step is to understand the operation of natural selection on

smaller scales of time and consequence. (For a detailed
discussion of the evolution of complex organs such as eyes,
see Gregory 2008b.)

On first pass, it may be difficult to see how natural
selection can ever lead to the evolution of new character-
istics if its primary effect is merely to eliminate unfit traits.
Indeed, natural selection by itself is incapable of producing
new traits, and in fact (as many readers will have surmised),
most forms of natural selection deplete genetic variation
within populations. How, then, can an eliminative process
like natural selection ever lead to creative outcomes?

To answer this question, one must recall that evolution by
natural selection is a two-step process. The first step involves
the generation of new variation by mutation and recombina-
tion, whereas the second step determines which randomly
generated variants will persist into the next generation. Most
new mutations are neutral with respect to survival and
reproduction and therefore are irrelevant in terms of natural
selection (but not, it must be pointed out, to evolution more
broadly). The majority of mutations that have an impact on
survival and reproductive output will do so negatively and, as
such, will be less likely than existing alternatives to be passed
on to subsequent generations. However, a small percentage of
new mutations will turn out to have beneficial effects in a
particular environment and will contribute to an elevated rate
of reproduction by organisms possessing them. Even a very
slight advantage is sufficient to cause new beneficial mutations
to increase in proportion over the span of many generations.

Biologists sometimes describe beneficial mutations as
“spreading” or “sweeping” through a population, but this
shorthand is misleading. Rather, beneficial mutations
simply increase in proportion from one generation to the
next because, by definition, they happen to contribute to the
survival and reproductive success of the organisms carrying
them. Eventually, a beneficial mutation may be the only
alternative left as all others have ultimately failed to be
passed on. At this point, that beneficial genetic variant is
said to have become “fixed” in the population.

Again, mutation does not occur in order to improve
fitness—it merely represents errors in genetic replication. This
means that most mutations do not improve fitness: There are
manymore ways ofmaking things worse than of making them
better. It also means that mutations will continue to occur even
after previous beneficial mutations have become fixed. As
such, there can be something of a ratcheting effect in which
beneficial mutations arise and become fixed by selection, only
to be supplemented later by more beneficial mutations which,
in turn, become fixed. All the while, neutral and deleterious
mutations also occur in the population, the latter being passed
on at a lower rate than alternatives and often being lost before
reaching any appreciable frequency.

Of course, this is an oversimplification—in species with
sexual reproduction, multiple beneficial mutations may be

6 It cannot be overemphasized that “evolution” and “natural selection”
are not interchangeable. This is because not all evolution occurs by
natural selection and because not all outcomes of natural selection
involve changes in the genetic makeup of populations. A detailed
discussion of the different types of selection is beyond the scope of
this article, but it can be pointed out that the effect of “stabilizing
selection” is to prevent directional change in populations.
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brought together by recombination such that the fixation of
beneficial genes need not occur sequentially. Likewise,
recombination can juxtapose deleterious mutations, thereby
hastening their loss from the population. Nonetheless, it is
useful to imagine the process of adaptation as one in which
beneficial mutations arise continually (though perhaps very
infrequently and with only minor positive impacts) and then
accumulate in the population over many generations.

The process of adaptation in a population is depicted in
very basic form in Fig. 2. Several important points can be
drawn from even such an oversimplified rendition:

1. Mutations are the source of new variation. Natural
selection itself does not create new traits; it only changes

the proportion of variation that is already present in the
population. The repeated two-step interaction of these
processes is what leads to the evolution of novel adaptive
features.

2. Mutation is random with respect to fitness. Natural
selection is, by definition, non-random with respect to
fitness. This means that, overall, it is a serious miscon-
ception to consider adaptation as happening “by chance”.

3. Mutations occur with all three possible outcomes:
neutral, deleterious, and beneficial. Beneficial mutations
may be rare and deliver only a minor advantage, but
these can nonetheless increase in proportion in the
population over many generations by natural selection.
The occurrence of any particular beneficial mutation
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Fig. 2 A highly simplified depiction of natural selection (Correct) and a
generalized illustration of various common misconceptions about the
mechanism (Incorrect). Properly understood, natural selection occurs as
follows: (A) A population of organisms exhibits variation in a particular
trait that is relevant to survival in a given environment. In this diagram,
darker coloration happens to be beneficial, but in another environment,
the opposite could be true. As a result of their traits, not all individuals
in Generation 1 survive equally well, meaning that only a non-random
subsample ultimately will succeed in reproducing and passing on their
traits (B). Note that no individual organisms in Generation 1 change,
rather the proportion of individuals with different traits changes in the
population. The individuals who survive from Generation 1 reproduce
to produce Generation 2. (C) Because the trait in question is heritable,
this second generation will (mostly) resemble the parent generation.
However, mutations have also occurred, which are undirected (i.e., they
occur at random in terms of the consequences of changing traits),
leading to both lighter and darker offspring in Generation 2 as compared
to their parents in Generation 1. In this environment, lighter mutants are
less successful and darker mutants are more successful than the parental
average. Once again, there is non-random survival among individuals in
the population, with darker traits becoming disproportionately common
due to the death of lighter individuals (D). This subset of Generation 2

proceeds to reproduce. Again, the traits of the survivors are passed on,
but there is also undirected mutation leading to both deleterious and
beneficial differences among the offspring (E). (F) This process of
undirected mutation and natural selection (non-random differences in
survival and reproductive success) occurs over many generations, each
time leading to a concentration of the most beneficial traits in the next
generation. By Generation N, the population is composed almost
entirely of very dark individuals. The population can now be said to
have become adapted to the environment in which darker traits are the
most successful. This contrasts with the intuitive notion of adaptation
held by most students and non-biologists. In the most common version,
populations are seen as uniform, with variation being at most an
anomalous deviation from the norm (X). It is assumed that all members
within a single generation change in response to pressures imposed by
the environment (Y). When these individuals reproduce, they are
thought to pass on their acquired traits. Moreover, any changes that
do occur due to mutation are imagined to be exclusively in the direction
of improvement (Z). Studies have revealed that it can be very difficult
for non-experts to abandon this intuitive interpretation in favor of a
scientifically valid understanding of the mechanism. Diagrams based in
part on Bishop and Anderson (1990)
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may be very improbable, but natural selection is very
effective at causing these individually unlikely improve-
ments to accumulate. Natural selection is an improba-
bility concentrator.

4. No organisms change as the population adapts. Rather,
this involves changes in the proportion of beneficial
traits across multiple generations.

5. The direction in which adaptive change occurs is
dependent on the environment. A change in environ-
ment can make previously beneficial traits neutral or
detrimental and vice versa.

6. Adaptation does not result in optimal characteristics. It
is constrained by historical, genetic, and developmental
limitations and by trade-offs among features (see
Gregory 2008b).

7. It does not matter what an “ideal” adaptive feature might
be—the only relevant factor is that variants that happen
to result in greater survival and reproduction relative to
alternative variants are passed on more frequently. As
Darwin wrote in a letter to Joseph Hooker (11 Sept.
1857), “I have just been writing an audacious little
discussion, to show that organic beings are not perfect,
only perfect enough to struggle with their competitors.”

8. The process of adaptation by natural selection is not
forward-looking, and it cannot produce features on the
grounds that they might become beneficial sometime in
the future. In fact, adaptations are always to the
conditions experienced by generations in the past.

Natural Selection Is Elegant, Logical, and Notoriously
Difficult to Grasp

The Extent of the Problem

In its most basic form, natural selection is an elegant theory
that effectively explains the obviously good fit of living things
to their environments. As a mechanism, it is remarkably
simple in principle yet incredibly powerful in application.
However, the fact that it eluded description until 150 years ago
suggests that grasping its workings and implications is far
more challenging than is usually assumed.

Three decades of research have produced unambiguous
data revealing a strikingly high prevalence of misconcep-
tions about natural selection among members of the public
and in students at all levels, from elementary school pupils to
university science majors (Alters 2005; Bardapurkar 2008;
Table 2)7. A finding that less than 10% of those surveyed

possess a functional understanding of natural selection is
not atypical. It is particularly disconcerting and undoubt-
edly exacerbating that confusions about natural selection
are common even among those responsible for teaching it8.
As Nehm and Schonfeld (2007) recently concluded, “one
cannot assume that biology teachers with extensive back-
grounds in biology have an accurate working knowledge of
evolution, natural selection, or the nature of science.”

Why is Natural Selection so Difficult to Understand?

Two obvious hypotheses present themselves for why mis-
understandings of natural selection are so widespread. The
first is that understanding the mechanism of natural selection
requires an acceptance of the historical fact of evolution, the
latter being rejected by a large fraction of the population.
While an improved understanding of the process probably
would help to increase overall acceptance of evolution,
surveys indicate that rates of acceptance already are much
higher than levels of understanding. And, whereas levels of
understanding and acceptance may be positively correlated
among teachers (Vlaardingerbroek and Roederer 1997;
Rutledge and Mitchell 2002; Deniz et al. 2008), the two
parameters seem to be at most only very weakly related in
students9 (Bishop and Anderson 1990; Demastes et al. 1995;
Brem et al. 2003; Sinatra et al. 2003; Ingram and Nelson
2006; Shtulman 2006). Teachers notwithstanding, “it appears
that a majority on both sides of the evolution-creation debate
do not understand the process of natural selection or its role
in evolution” (Bishop and Anderson 1990).

The second intuitive hypothesis is that most people
simply lack formal education in biology and have learned
incorrect versions of evolutionary mechanisms from non-
authoritative sources (e.g., television, movies, parents).
Inaccurate portrayals of evolutionary processes in the
media, by teachers, and by scientists themselves surely
exacerbate the situation (e.g., Jungwirth 1975a, b, 1977;
Moore et al. 2002). However, this alone cannot provide a
full explanation, because even direct instruction on natural
selection tends to produce only modest improvements in
students' understanding (e.g., Jensen and Finley 1995;
Ferrari and Chi 1998; Nehm and Reilly 2007; Spindler
and Doherty 2009). There also is evidence that levels of

7 Instructors interested in assessing their own students' level of
understanding may wish to consult tests developed by Bishop and
Anderson (1986), Anderson et al. (2002), Beardsley (2004), Shtulman
(2006), or Kampourakis and Zogza (2009).

8 Even more alarming is a recent indication that one in six teachers in
the USA is a young Earth creationist, and that about one in eight
teaches creationism as though it were a valid alternative to
evolutionary science (Berkman et al. 2008).
9 Strictly speaking, it is not necessary to understand how evolution
occurs to be convinced that it has occurred because the historical fact
of evolution is supported by many convergent lines of evidence that
are independent of discussions about particular mechanisms. Again,
this represents the important distinction between evolution as fact and
theory. See Gregory (2008a).
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understanding do not differ greatly between science majors
and non-science majors (Sundberg and Dini 1993). In the
disquieting words of Ferrari and Chi (1998), “misconcep-
tions about even the basic principles of Darwin's theory of
evolution are extremely robust, even after years of education
in biology.”

Misconceptions are well known to be common with
many (perhaps most) aspects of science, including much
simpler and more commonly encountered phenomena such
as the physics of motion (e.g., McCloskey et al. 1980;
Halloun and Hestenes 1985; Bloom and Weisberg 2007).
The source of this larger problem seems to be a significant
disconnect between the nature of the world as reflected in
everyday experience and the one revealed by systematic
scientific investigation (e.g., Shtulman 2006; Sinatra et al.
2008). Intuitive interpretations of the world, though suffi-
cient for navigating daily life, are usually fundamentally at
odds with scientific principles. If common sense were more
than superficially accurate, scientific explanations would
be less counterintuitive, but they also would be largely
unnecessary.

Conceptual Frameworks Versus Spontaneous Constructions

It has been suggested by some authors that young students
simply are incapable of understanding natural selection
because they have not yet developed the formal reasoning
abilities necessary to grasp it (Lawson and Thompson 1988).
This could be taken to imply that natural selection should not
be taught until later grades; however, those who have studied
student understanding directly tend to disagree with any such
suggestion (e.g., Clough and Wood-Robinson 1985; Settlage
1994). Overall, the issue does not seem to be a lack of logic
(Greene 1990; Settlage 1994), but a combination of incorrect
underlying premises about mechanisms and deep-seated
cognitive biases that influence interpretations.

Many of the misconceptions that block an understanding
of natural selection develop early in childhood as part of
“naïve” but practical understandings of how the world is
structured. These tend to persist unless replaced with more
accurate and equally functional information. In this regard,
some experts have argued that the goal of education should be
to supplant existing conceptual frameworks with more
accurate ones (see Sinatra et al. 2008). Under this view,
“Helping people to understand evolution...is not a matter of
adding on to their existing knowledge, but helping them to
revise their previous models of the world to create an entirely
new way of seeing” (Sinatra et al. 2008). Other authors
suggest that students do not actually maintain coherent
conceptual frameworks relating to complex phenomena, but
instead construct explanations spontaneously using intuitions
derived from everyday experience (see Southerland et al.
2001). Though less widely accepted, this latter view gains

support from the observation that naïve evolutionary explan-
ations given by non-experts may be tentative and inconsistent
(Southerland et al. 2001) and may differ depending on the
type of organisms being considered (Spiegel et al. 2006). In
some cases, students may attempt a more complex explana-
tion but resort to intuitive ideas when they encounter
difficulty (Deadman and Kelly 1978). In either case, it is
abundantly clear that simply describing the process of natural
selection to students is ineffective and that it is imperative
that misconceptions be confronted if they are to be corrected
(e.g., Greene 1990; Scharmann 1990; Settlage 1994; Ferrari
and Chi 1998; Alters and Nelson 2002; Passmore and
Stewart 2002; Alters 2005; Nelson 2007).

A Catalog of Common Misconceptions

Whereas the causes of cognitive barriers to understanding
remain to be determined, their consequences are well
documented. It is clear from many studies that complex but
accurate explanations of biological adaptation typically yield
to naïve intuitions based on common experience (Fig. 2;
Tables 2 and 3). As a result, each of the fundamental
components of natural selection may be overlooked or
misunderstood when it comes time to consider them in
combination, even if individually they appear relatively
straightforward. The following sections provide an overview
of the various, non-mutually exclusive, and often correlated
misconceptions that have been found to be most common.
All readers are encouraged to consider these conceptual
pitfalls carefully in order that they may be avoided. Teachers,
in particular, are urged to familiarize themselves with these
errors so that they may identify and address them among
their students.

Teleology and the “Function Compunction”

Much of the human experience involves overcoming ob-
stacles, achieving goals, and fulfilling needs. Not surprisingly,
human psychology includes a powerful bias toward thoughts
about the “purpose” or “function” of objects and behaviors—
what Kelemen and Rosset (2009) dub the “human function
compunction.” This bias is particularly strong in children,
who are apt to see most of the world in terms of purpose; for
example, even suggesting that “rocks are pointy to keep
animals from sitting on them” (Kelemen 1999a, b; Kelemen
and Rosset 2009). This tendency toward explanations based
on purpose (“teleology”) runs very deep and persists
throughout high school (Southerland et al. 2001) and even
into postsecondary education (Kelemen and Rosset 2009). In
fact, it has been argued that the default mode of teleological
thinking is, at best, suppressed rather than supplanted by
introductory scientific education. It therefore reappears easily
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even in those with some basic scientific training; for
example, in descriptions of ecological balance (“fungi grow
in forests to help decomposition”) or species survival
(“finches diversified in order to survive”; Kelemen and
Rosset 2009).

Teleological explanations for biological features date
back to Aristotle and remain very common in naïve
interpretations of adaptation (e.g., Tamir and Zohar 1991;
Pedersen and Halldén 1992; Southerland et al. 2001;
Sinatra et al. 2008; Table 2). On the one hand, teleological
reasoning may preclude any consideration of mechanisms
altogether if simply identifying a current function for an
organ or behavior is taken as sufficient to explain its
existence (e.g., Bishop and Anderson 1990). On the other
hand, when mechanisms are considered by teleologically
oriented thinkers, they are often framed in terms of change
occurring in response to a particular need (Table 2).
Obviously, this contrasts starkly with a two-step process
involving undirected mutations followed by natural selec-
tion (see Fig. 2 and Table 3).

Anthropomorphism and Intentionality

A related conceptual bias to teleology is anthropomor-
phism, in which human-like conscious intent is ascribed
either to the objects of natural selection or to the process
itself (see below). In this sense, anthropomorphic miscon-
ceptions can be characterized as either internal (attributing
adaptive change to the intentional actions of organisms) or
external (conceiving of natural selection or “Nature” as a

conscious agent; e.g., Kampourakis and Zogza 2008;
Sinatra et al. 2008).

Internal anthropomorphism or “intentionality” is inti-
mately tied to the misconception that individual organisms
evolve in response to challenges imposed by the environ-
ment (rather than recognizing evolution as a population-
level process). Gould (1980) described the obvious appeal
of such intuitive notions as follows:

Since the living world is a product of evolution, why
not suppose that it arose in the simplest and most
direct way? Why not argue that organisms improve
themselves by their own efforts and pass these
advantages to their offspring in the form of altered
genes—a process that has long been called, in
technical parlance, the “inheritance of acquired char-
acters.” This idea appeals to common sense not only
for its simplicity but perhaps even more for its happy
implication that evolution travels an inherently pro-
gressive path, propelled by the hard work of organisms
themselves.

The penchant for seeing conscious intent is often
sufficiently strong that it is applied not only to non-
human vertebrates (in which consciousness, though cer-
tainly not knowledge of genetics and Darwinian fitness,
may actually occur), but also to plants and even to single-
celled organisms. Thus, adaptations in any taxon may be
described as “innovations,” “inventions,” or “solutions”
(sometimes “ingenious” ones, no less). Even the evolution
of antibiotic resistance is characterized as a process

Table 3 Major concepts relating to adaptive evolution by natural selection, summarizing both correct and intuitive (incorrect) interpretations (see
also Fig. 2)

Concept Correct interpretation Intuitive (incorrect) interpretation

Existing variation among
individuals

Common and important. A fundamental
requirement for evolutionary change

Rare and/or unimportant. Deviation from “essence”
or “type” of the species. Not important in
evolutionary change

Origin of new traits Arise in an undirected fashion by random
mutation. Some detrimental, some neutral,
some beneficial. Sorted according to effects
on organismal reproduction after they arise

Arise in response to need. Always beneficial.
Offspring may exhibit new beneficial traits
even if the parents did not possess them.
The types of new traits that occur are determined
based on the environment

Inheritance Traits are inherited from parents regardless
of whether they are beneficial or detrimental.
Physical changes in parents are not passed on.
Heritable differences between parents and
offspring are due to mutation and recombination

Only beneficial traits are passed on. Beneficial
physical changes in parents are passed on to
offspring. Heritable differences between parents
and offspring are due to improvement in
response to needs

Adaptation Due to non-random differences in survival and
reproduction among variable individuals over
many generations. Individual organisms themselves
do not change. The proportion of traits changes
from one generation to the next as some traits
are passed on at a higher rate than others

Due to response to need or an effort to change
by individual organisms. Organisms change over
their lifetimes to become better able to survive
and pass these changes on to offspring. Any
differences between parent and offspring will be
in the direction of further improvement. The
entire species transforms in response to need
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whereby bacteria “learn” to “outsmart” antibiotics with
frustrating regularity. Anthropomorphism with an emphasis
on forethought is also behind the common misconception
that organisms behave as they do in order to enhance the long-
term well-being of their species. Once again, a consideration
of the actual mechanics of natural selection should reveal why
this is fallacious.

All too often, an anthropomorphic view of evolution is
reinforced with sloppy descriptions by trusted authorities
(Jungwirth 1975a, b, 1977; Moore et al. 2002). Consider
this particularly egregious example from a website main-
tained by the National Institutes of Health10:

As microbes evolve, they adapt to their environ-
ment. If something stops them from growing and
spreading—such as an antimicrobial—they evolve new
mechanisms to resist the antimicrobials by changing
their genetic structure. Changing the genetic structure
ensures that the offspring of the resistant microbes are
also resistant.

Fundamentally inaccurate descriptions such as this are
alarmingly common. As a corrective, it is a useful exercise
to translate such faulty characterizations into accurate
language11. For example, this could read:

Bacteria that cause disease exist in large populations,
and not all individuals are alike. If some individuals
happen to possess genetic features that make them
resistant to antibiotics, these individuals will survive the
treatment while the rest gradually are killed off. As a
result of their greater survival, the resistant individuals
will leave more offspring than susceptible individuals,
such that the proportion of resistant individuals will
increase each time a new generation is produced. When
only the descendants of the resistant individuals are left,
the population of bacteria can be said to have evolved
resistance to the antibiotics.

Use and Disuse

Many students who manage to avoid teleological and
anthropomorphic pitfalls nonetheless conceive of evolution
as involving change due to use or disuse of organs. This
view, which was developed explicitly by Jean-Baptiste

Lamarck but was also invoked to an extent by Darwin
(1859), emphasizes changes to individual organisms that
occur as they use particular features more or less. For
example, Darwin (1859) invoked natural selection to
explain the loss of sight in some subterranean rodents, but
instead favored disuse alone as the explanation for loss of
eyes in blind, cave-dwelling animals: “As it is difficult to
imagine that eyes, though useless, could be in any way
injurious to animals living in darkness, I attribute their loss
wholly to disuse.” This sort of intuition remains common in
naïve explanations for why unnecessary organs become
vestigial or eventually disappear. Modern evolutionary
theory recognizes several reasons that may account for the
loss of complex features (e.g., Jeffery 2005; Espinasa and
Espinasa 2008), some of which involve direct natural
selection, but none of which is based simply on disuse.

Soft Inheritance

Evolution involving changes in individual organisms, whether
based on conscious choice or use and disuse, would require
that characteristics acquired during the lifetime of an
individual be passed on to offspring12, a process often termed
“soft inheritance.” The notion that acquired traits can be
transmitted to offspring remained a common assumption
among thinkers for more than 2,000 years, including into
Darwin's time (Zirkle 1946). As is now understood,
inheritance is actually “hard,” meaning that physical changes
that occur during an organism's lifetime are not passed to
offspring. This is because the cells that are involved in
reproduction (the germline) are distinct from those that make
up the rest of the body (the somatic line); only changes that
affect the germline can be passed on. New genetic variants
arise through mutation and recombination during replication
and will often only exert their effects in offspring and not in

11 One should always be wary of the linguistic symptoms of
anthropomorphic misconceptions, which usually include phrasing like
“so that” (versus “because”) or “in order to” (versus “happened to”)
when explaining adaptations (Kampourakis and Zogza 2009).

10 http://www3.niaid.nih.gov/topics/antimicrobialResistance/Under
standing/history.htm, accessed February 2009.

12 It must be noted that the persistent tendency to label the inheritance
of acquired characteristics as “Lamarckian” is false: Soft inheritance
was commonly accepted long before Lamarck's time (Zirkle 1946).
Likewise, mechanisms involving organisms' conscious desires to
change are often incorrectly attributed to Lamarck. For recent critiques
of the tendency to describe various misconceptions as Lamarckian, see
Geraedts and Boersma (2006) and Kampourakis and Zogza (2007). It
is unfortunate that these mistakenly attributed concepts serve as the
primary legacy of Lamarck, who in actuality made several important
contributions to biology (a term first used by Lamarck), including
greatly advancing the classification of invertebrates (another term he
coined) and, of course, developing the first (albeit ultimately incorrect)
mechanistic theory of evolution. For discussions of Lamarck's views
and contributions to evolutionary biology, see Packard (1901),
Burkhardt (1972, 1995), Corsi (1988), Humphreys (1995, 1996), and
Kampourakis and Zogza (2007). Lamarck's works are available online
at http://www.lamarck.cnrs.fr/index.php?lang=en.
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the parents in whose reproductive cells they occur (though
they could also arise very early in development and appear
later in the adult offspring). Correct and incorrect interpre-
tations of inheritance are contrasted in Fig. 3.

Studies have indicated that belief in soft inheritance
arises early in youth as part of a naïve model of heredity
(e.g., Deadman and Kelly 1978; Kargbo et al. 1980;
Lawson and Thompson 1988; Wood-Robinson 1994). That
it seems intuitive probably explains why the idea of soft
inheritance persisted so long among prominent thinkers and
why it is so resistant to correction among modern students.
Unfortunately, a failure to abandon this belief is fundamen-
tally incompatible with an appreciation of evolution by
natural selection as a two-step process in which the origin
of new variation and its relevance to survival in a particular
environment are independent considerations.

Nature as a Selecting Agent

Thirty years ago, widely respected broadcaster Sir David
Attenborough (1979) aptly described the challenge of avoid-
ing anthropomorphic shorthand in descriptions of adaptation:

Darwin demonstrated that the driving force of [adaptive]
evolution comes from the accumulation, over countless
generations, of chance genetical changes sifted by the
rigors of natural selection. In describing the consequences
of this process it is only too easy to use a form of words
that suggests that the animals themselves were striving to
bring about change in a purposeful way–that fish wanted
to climb onto dry land, and to modify their fins into
legs, that reptiles wished to fly, strove to change their
scales into feathers and so ultimately became birds.
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Fig. 3 A summary of correct (left) and incorrect (right) conceptions
of heredity as it pertains to adaptive evolutionary change. The panels
on the left display the operation of “hard inheritance”, whereas those
on the right illustrate naïve mechanisms of “soft inheritance”. In all
diagrams, a set of nine squares represents an individual multicellular
organism and each square represents a type of cell of which the
organisms are constructed. In the left panels, the organisms include
two kinds of cells: those that produce gametes (the germline, black)
and those that make up the rest of the body (the somatic line, white).
In the top left panel, all cells in a parent organism initially contain a
gene that specifies white coloration, marked W (A). A random
mutation occurs in the germline, changing the gene from one that
specifies white to one that specifies gray, marked G (B). This mutant
gene is passed to the egg (C), which then develops into an offspring
exhibiting gray coloration (D). The mutation in this case occurred in
the parent (specifically, in the germline) but its effects did not become
apparent until the next generation. In the bottom left panel, a parent
once again begins with white coloration and the white gene in all of its
cells (H). During its lifetime, the parent comes to acquire a gray
coloration due to exposure to particular environmental conditions (I).

However, because this does not involve any change to the genes in the
germline, the original white gene is passed into the egg (J), and the
offspring exhibits none of the gray coloration that was acquired by its
parent (K). In the top right panel, the distinction between germline and
somatic line is not understood. In this case, a parent that initially
exhibits white coloration (P) changes during its lifetime to become
gray (Q). Under incorrect views of soft inheritance, this altered
coloration is passed on to the egg (R), and the offspring is born with
the gray color acquired by its parent (S). In the bottom right panel, a
more sophisticated but still incorrect view of inheritance is shown.
Here, traits are understood to be specified by genes, but no distinction
is recognized between the germline and somatic line. In this situation,
a parent begins with white coloration and white-specifying genes in all
its cells (W). A mutation occurs in one type of body cells to change
those cells to gray (X). A mixture of white and gray genes is passed on
to the egg (Y), and the offspring develops white coloration in most
cells but gray coloration in the cells where gray-inducing mutations
arose in the parent (Z). Intuitive ideas regarding soft inheritance
underlie many misconceptions of how adaptive evolution takes place
(see Fig. 2)
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Unlike many authors, Attenborough (1979) admirably
endeavored to not use such misleading terminology.
However, this quote inadvertently highlights an additional
challenge in describing natural selection without loaded
language. In it, natural selection is described as a “driving
force” that rigorously “sifts” genetic variation, which could
be misunderstood to imply that it takes an active role in
prompting evolutionary change. Much more seriously, one
often encounters descriptions of natural selection as a
processes that “chooses” among “preferred” variants or
“experiments with” or “explores” different options. Some
expressions, such as “favored” and “selected for” are used
commonly as shorthand in evolutionary biology and are not
meant to impart consciousness to natural selection; howev-
er, these too may be misinterpreted in the vernacular sense
by non-experts and must be clarified.

Darwin (1859) himself could not resist slipping into the
language of agency at times:

It may be said that natural selection is daily and hourly
scrutinizing, throughout the world, every variation, even
the slightest; rejecting that which is bad, preserving and
adding up all that is good; silently and insensibly
working, whenever and wherever opportunity offers, at
the improvement of each organic being in relation to its
organic and inorganic conditions of life. We see nothing
of these slow changes in progress, until the hand of time
has marked the long lapse of ages, and then so imperfect
is our view into long past geological ages, that we only
see that the forms of life are now different from what
they formerly were.

Perhaps recognizing the ease with which such language
can be misconstrued, Darwin (1868) later wrote that “The
term ‘Natural Selection’ is in some respects a bad one, as it
seems to imply conscious choice; but this will be disregarded
after a little familiarity.” Unfortunately, more than “a little
familiarity” seems necessary to abandon the notion of Nature
as an active decision maker.

Being, as it is, the simple outcome of differences in
reproductive success due to heritable traits, natural selection
cannot have plans, goals, or intentions, nor can it cause
changes in response to need. For this reason, Jungwirth (1975a,
b, 1977) bemoaned the tendency for authors and instructors to
invoke teleological and anthropomorphic descriptions of the
process and argued that this served to reinforce misconcep-
tions among students (see also Bishop and Anderson 1990;
Alters and Nelson 2002; Moore et al. 2002; Sinatra et al.
2008). That said, a study of high school students by Tamir
and Zohar (1991) suggested that older students can recognize
the distinction between an anthropomorphic or teleological
formulation (i.e., merely a convenient description) versus an
anthropomorphic/teleological explanation (i.e., involving
conscious intent or goal-oriented mechanisms as causal

factors; see also Bartov 1978, 1981). Moore et al. (2002),
by contrast, concluded from their study of undergraduates that
“students fail to distinguish between the relatively concrete
register of genetics and the more figurative language of the
specialist shorthand needed to condense the long view of
evolutionary processes” (see also Jungwirth 1975a, 1977).
Some authors have argued that teleological wording can have
some value as shorthand for describing complex phenomena
in a simple way precisely because it corresponds to normal
thinking patterns, and that contrasting this explicitly with
accurate language can be a useful exercise during instruction
(Zohar and Ginossar 1998). In any case, biologists and
instructors should be cognizant of the risk that linguistic
shortcuts may send students off track.

Source Versus Sorting of Variation

Intuitive models of evolution based on soft inheritance are one-
stepmodels of adaptation: Traits are modified in one generation
and appear in their altered form in the next. This is in conflict
with the actual two-step process of adaptation involving the
independent processes of mutation and natural selection.
Unfortunately, many students who eschew soft inheritance
nevertheless fail to distinguish natural selection from the origin
of new variation (e.g., Greene 1990; Creedy 1993; Moore et al.
2002). Whereas an accurate understanding recognizes that
most new mutations are neutral or harmful in a given
environment, such naïve interpretations assume that mutations
occur as a response to environmental challenges and therefore
are always beneficial (Fig. 2). For example, many students
may believe that exposure to antibiotics directly causes
bacteria to become resistant, rather than simply changing the
relative frequencies of resistant versus non-resistant individ-
uals by killing off the latter13. Again, natural selection itself
does not create new variation, it merely influences the
proportion of existing variants. Most forms of selection
reduce the amount of genetic variation within populations,
which may be counteracted by the continual emergence of
new variation via undirected mutation and recombination.

Typological, Essentialist, and Transformationist Thinking

Misunderstandings about how variation arises are problemat-
ic, but a common failure to recognize that it plays a role at all
represents an even a deeper concern. Since Darwin (1859),
evolutionary theory has been based strongly on “population”

13 One may wonder how this misconception is reconciled with the
common admonition by medical doctors to complete each course of
treatment with antibiotics even after symptoms disappear—would this
not provide more opportunities for bacteria to “develop” resistance by
prolonging exposure?
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thinking that emphasizes differences among individuals. By
contrast, many naïve interpretations of evolution remain
rooted in the “typological” or “essentialist” thinking that has
existed since the ancient Greeks (Mayr 1982, 2001; Sinatra
et al. 2008). In this case, species are conceived of as
exhibiting a single “type” or a common “essence,” with
variation among individuals representing anomalous and
largely unimportant deviations from the type or essence. As
Shtulman (2006) notes, “human beings tend to essentialize
biological kinds and essentialism is incompatible with
natural selection.” As with many other conceptual biases,
the tendency to essentialize seems to arise early in childhood
and remains the default for most individuals (Strevens 2000;
Gelman 2004; Evans et al. 2005; Shtulman 2006).

The incorrect belief that species are uniform leads to
“transformationist” views of adaptation in which an entire
population transforms as a whole as it adapts (Alters 2005;
Shtulman 2006; Bardapurkar 2008). This contrasts with the
correct, “variational” understanding of natural selection in
which it is the proportion of traits within populations that
changes (Fig. 2). Not surprisingly, transformationist models
of adaptation usually include a tacit assumption of soft
inheritance and one-step change in response to challenges.
Indeed, Shtulman (2006) found that transformationists
appeal to “need” as a cause of evolutionary change three
times more often than do variationists.

Events and Absolutes Versus Processes and Probabilities

A proper understanding of natural selection recognizes it as a
process that occurs within populations over the course of
many generations. It does so through cumulative, statistical
effects on the proportion of traits differing in their con-
sequences for reproductive success. This contrasts with two
major errors that are commonly incorporated into naïve
conceptions of the process:

1. Natural selection is mistakenly seen as an event rather
than as a process (Ferrari and Chi 1998; Sinatra et al.
2008). Events generally have a beginning and end,
occur in a specific sequential order, consist of distinct
actions, and may be goal-oriented. By contrast, natural
selection actually occurs continually and simultaneous-
ly within entire populations and is not goal-oriented
(Ferrari and Chi 1998). Misconstruing selection as an
event may contribute to transformationist thinking as
adaptive changes are thought to occur in the entire
population simultaneously. Viewing natural selection as
a single event can also lead to incorrect “saltationist”
assumptions in which complex adaptive features are
imagined to appear suddenly in a single generation (see
Gregory 2008b for an overview of the evolution of
complex organs).

2. Natural selection is incorrectly conceived as being “all
or nothing,” with all unfit individuals dying and all fit
individuals surviving. In actuality, it is a probabilistic
process in which some traits make it more likely—but
do not guarantee—that organisms possessing them will
successfully reproduce. Moreover, the statistical nature
of the process is such that even a small difference in
reproductive success (say, 1%) is enough to produce a
gradual increase in the frequency of a trait over many
generations.

Concluding Remarks

Surveys of students at all levels paint a bleak picture regarding
the level of understanding of natural selection. Though it is
based on well-established and individually straightforward
components, a proper grasp of the mechanism and its
implications remains very rare among non-specialists. The
unavoidable conclusion is that the vast majority of individu-
als, including most with postsecondary education in science,
lack a basic understanding of how adaptive evolution occurs.

While no concrete solutions to this problem have yet been
found, it is evident that simply outlining the various
components of natural selection rarely imparts an under-
standing of the process to students. Various alternative
teaching strategies and activities have been suggested, and
some do help to improve the level of understanding among
students (e.g., Bishop and Anderson 1986; Jensen and Finley
1995, 1996; Firenze 1997; Passmore and Stewart 2002;
Sundberg 2003; Alters 2005; Scharmann 1990; Wilson 2005;
Nelson 2007, 2008; Pennock 2007; Kampourakis and Zogza
2008). Efforts to integrate evolution throughout biology
curricula rather than segregating it into a single unit may
also prove more effective (Nehm et al. 2009), as may steps
taken to make evolution relevant to everyday concerns (e.g.,
Hillis 2007).

At the very least, it is abundantly clear that teaching and
learning natural selection must include efforts to identify,
confront, and supplant misconceptions. Most of these derive
from deeply held conceptual biases that may have been
present since childhood. Natural selection, like most com-
plex scientific theories, runs counter to common experience
and therefore competes—usually unsuccessfully—with
intuitive ideas about inheritance, variation, function, inten-
tionality, and probability. The tendency, both outside and
within academic settings, to use inaccurate language to
describe evolutionary phenomena probably serves to reinforce
these problems.

Natural selection is a central component of modern
evolutionary theory, which in turn is the unifying theme of
all biology. Without a grasp of this process and its con-
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sequences, it is simply impossible to understand, even in basic
terms, how and why life has become so marvelously diverse.
The enormous challenge faced by biologists and educators in
correcting the widespread misunderstanding of natural selec-
tion is matched only by the importance of the task.
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The Origin of Species
Chapter 7: Instinct

by Charles Darwin

Chapter 6 Contents Chapter 8

Instincts comparable with habits, but different in their origin - Instincts graduated -
Aphides and ants - Instincts variable - Domestic instincts, their origin - Natural

instincts of the cuckoo, ostrich, and parasitic bees - Slave-making ants - Hive-bee, its
cell-making instinct - Difficulties on the theory of the Natural Selection of instincts -

Neuter or sterile insects - Summary

he subject of instinct might have been worked into the previous chapters; but I have thought that it would be more
convenient to treat the subject separately, especially as so wonderful an instinct as that of the hive-bee making its cells
will probably have occurred to many readers, as a difficulty sufficient to overthrow my whole theory. I must premise, that

I have nothing to do with the origin of the primary mental powers, any more than I have with that of life itself. We are concerned
only with the diversities of instinct and of the other mental qualities of animals within the same class.

I will not attempt any definition of instinct. It would be easy to show that several distinct mental actions are commonly embraced
by this term; but every one understands what is meant, when it is said that instinct impels the cuckoo to migrate and to lay her
eggs in other birds' nests. An action, which we ourselves should require experience to enable us to perform, when performed by
an animal, more especially by a very young one, without any experience, and when performed by many individuals in the same
way, without their knowing for what purpose it is performed, is usually said to be instinctive. But I could show that none of these
characters of instinct are universal. A little dose, as Pierre Huber expresses it, of judgment or reason, often comes into play, even
in animals very low in the scale of nature.

Frederick Cuvier and several of the older metaphysicians have compared instinct with habit. This comparison gives, I think, a
remarkably accurate notion of the frame of mind under which an instinctive action is performed, but not of its origin. How
unconsciously many habitual actions are performed, indeed not rarely in direct opposition to our conscious will! yet they may be
modified by the will or reason. Habits easily become associated with other habits, and with certain periods of time and states of
the body. When once acquired, they often remain constant throughout life. Several other points of resemblance between instincts
and habits could be pointed out. As in repeating a well-known song, so in instincts, one action follows another by a sort of
rhythm; if a person be interrupted in a song, or in repeating anything by rote, he is generally forced to go back to recover the
habitual train of thought: so P. Huber found it was with a caterpillar, which makes a very complicated hammock; for if he took a
caterpillar which had completed its hammock up to, say, the sixth stage of construction, and put it into a hammock completed up
only to the third stage, the caterpillar simply re-performed the fourth, fifth, and sixth stages of construction. If, however, a
caterpillar were taken out of a hammock made up, for instance, to the third stage, and were put into one finished up to the sixth
stage, so that much of its work was already done for it, far from feeling the benefit of this, it was much embarrassed, and, in
order to complete its hammock, seemed forced to start from the third stage, where it had left off, and thus tried to complete the
already finished work.

If we suppose any habitual action to become inherited and I think it can be shown that this does sometimes happen then the
resemblance between what originally was a habit and an instinct becomes so close as not to be distinguished. If Mozart, instead
of playing the pianoforte at three years old with wonderfully little practice, had played a tune with no practice at all, be might
truly be said to have done so instinctively. But it would be the most serious error to suppose that the greater number of instincts
have been acquired by habit in one generation, and then transmitted by inheritance to succeeding generations. It can be clearly
shown that the most wonderful instincts with which we are acquainted, namely, those of the hive-bee and of many ants, could
not possibly have been thus acquired.

It will be universally admitted that instincts are as important as corporeal structure for the welfare of each species, under its
present conditions of life. Under changed conditions of life, it is at least possible that slight modifications of instinct might be
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profitable to a species; and if it can be shown that instincts do vary ever so little, then I can see no difficulty in natural selection
preserving and continually accumulating variations of instinct to any extent that may be profitable. It is thus, as I believe, that all
the most complex and wonderful instincts have originated. As modifications of corporeal structure arise from, and are increased
by, use or habit, and are diminished or lost by disuse, so I do not doubt it has been with instincts. But I believe that the effects of
habit are of quite subordinate importance to the effects of the natural selection of what may be called accidental variations of
instincts; that is of variations produced by the same unknown causes which produce slight deviations of bodily structure.

No complex instinct can possibly be produced through natural selection, except by the slow and gradual accumulation of
numerous, slight, yet profitable, variations. Hence, as in the case of corporeal structures, we ought to find in nature, not the
actual transitional gradations by which each complex instinct has been acquired for these could be found only in the lineal
ancestors of each species but we ought to find in the collateral lines of descent some evidence of such gradations; or we ought at
least to be able to show that gradations of some kind are possible; and this we certainly can do. I have been surprised to find,
making allowance for the instincts of animals having been but little observed except in Europe and North America, and for no
instinct being known amongst extinct species, how very generally gradations, leading to the most complex instincts, can be
discovered. The canon of 'Natura non facit saltum' applies with almost equal force to instincts as to bodily organs. Changes of
instinct may sometimes be facilitated by the same species having different instincts at different periods of life, or at different
seasons of the year, or when placed under different circumstances, &c.; in which case either one or the other instinct might be
preserved by natural selection. And such instances of diversity of instinct in the same species can be shown to occur in nature.

Again as in the case of corporeal structure, and conformably with my theory, the instinct of each species is good for itself, but
has never, as far as we can judge, been produced for the exclusive good of others. One of the strongest instances of an animal
apparently performing an action for the sole good of another, with which I am acquainted, is that of aphides voluntarily yielding
their sweet excretion to ants: that they do so voluntarily, the following facts show. I removed all the ants from a group of about a
dozen aphides on a dock-plant, and prevented their attendance during several hours. After this interval, I felt sure that the
aphides would want to excrete. I watched them for some time through a lens, but not one excreted; I then tickled and stroked
them with a hair in the same manner, as well as I could, as the ants do with their antennae; but not one excreted. Afterwards I
allowed an ant to visit them, and it immediately seemed, by its eager way of running about, to be well aware what a rich flock it
had discovered; it then began to play with its antennae on the abdomen first of one aphis and then of another; and each aphis, as
soon as it felt the antennae, immediately lifted up its abdomen and excreted a limpid drop of sweet juice, which was eagerly
devoured by the ant. Even the quite young aphides behaved in this manner, showing that the action was instinctive, and not the
result of experience. But as the excretion is extremely viscid, it is probably a convenience to the aphides to have it removed; and
therefore probably the aphides do not instinctively excrete for the sole good of the ants. Although I do not believe that any
animal in the world performs an action for the exclusive good of another of a distinct species, yet each species tries to take
advantage of the instincts of others, as each takes advantage of the weaker bodily structure of others. So again, in some few
cases, certain instincts cannot be considered as absolutely perfect; but as details on this and other such points are not
indispensable, they may be here passed over.

As some degree of variation in instincts under a state of nature, and the inheritance of such variations, are indispensable for the
action of natural selection, as many instances as possible ought to have been here given; but want of space prevents me. I can
only assert, that instincts certainly do vary for instance, the migratory instinct, both in extent and direction, and in its total loss.
So it is with the nests of birds, which vary partly in dependence on the situations chosen, and on the nature and temperature of
the country inhabited, but often from causes wholly unknown to us: Audubon has given several remarkable cases of differences
in nests of the same species in the northern and southern United States. Fear of any particular enemy is certainly an instinctive
quality, as may be seen in nestling birds, though it is strengthened by experience, and by the sight of fear of the same enemy in
other animals. But fear of man is slowly acquired, as I have elsewhere shown, by various animals inhabiting desert islands; and
we may see an instance of this, even in England, in the greater wildness of all our large birds than of our small birds; for the
large birds have been most persecuted by man. We may safely attribute the greater wildness of our large birds to this cause; for
in uninhabited islands large birds are not more fearful than small; and the magpie, so wary in England, is tame in Norway, as is
the hooded crow in Egypt.

That the general disposition of individuals of the same species, born in a state of nature, is extremely diversified, can be shown
by a multitude of facts. Several cases also, could be given, of occasional and strange habits in certain species, which might, if
advantageous to the species, give rise, through natural selection, to quite new instincts. But I am well aware that these general
statements, without facts given in detail, can produce but a feeble effect on the reader's mind. I can only repeat my assurance,
that I do not speak without good evidence.

The possibility, or even probability, of inherited variations of instinct in a state of nature will be strengthened by briefly
considering a few cases under domestication. We shall thus also be enabled to see the respective parts which habit and the
selection of so-called accidental variations have played in modifying the mental qualities of our domestic animals. A number of
curious and authentic instances could be given of the inheritance of all shades of disposition and tastes, and likewise of the
oddest tricks, associated with certain frames of mind or periods of time. But let us look to the familiar case of the several breeds
of dogs: it cannot be doubted that young pointers (I have myself seen a striking instance) will sometimes point and even back
other dogs the very first time that they are taken out; retrieving is certainly in some degree inherited by retrievers; and a tendency
to run round, instead of at, a flock of sheep, by shepherd-dogs. I cannot see that these actions, performed without experience by
the young, and in nearly the same manner by each individual, performed with eager delight by each breed, and without the end
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being known, for the young pointer can no more know that he points to aid his master, than the white butterfly knows why she
lays her eggs on the leaf of the cabbage, I cannot see that these actions differ essentially from true instincts. If we were to see one
kind of wolf, when young and without any training, as soon as it scented its prey, stand motionless like a statue, and then slowly
crawl forward with a peculiar gait; and another kind of wolf rushing round, instead of at, a herd of deer, and driving them to a
distant point, we should assuredly call these actions instinctive. Domestic instincts, as they may be called, are certify far less
fixed or invariable than natural instincts; but they have been acted on by far less rigorous selection, and have been transmitted
for an incomparably shorter period, under less fixed conditions of life.

How strongly these domestic instincts, habits, and dispositions are inherited, and how curiously they become mingled, is well
shown when different breeds of dogs are crossed. Thus it is known that a cross with a bull-dog has affected for many generations
the courage and obstinacy of greyhounds; and a cross with a greyhound has given to a whole family of shepherd-dogs a tendency
to hunt hares. These domestic instincts, when thus tested by crossing, resemble natural instincts, which in a like manner become
curiously blended together, and for a long period exhibit traces of the instincts of either parent: for example, Le Roy describes a
dog, whose great-grandfather was a wolf, and this dog showed a trace of its wild parentage only in one way, by not coming in a
straight line to his master when called.

Domestic instincts are sometimes spoken of as actions which have become inherited solely from long-continued and compulsory
habit, but this, I think, is not true. No one would ever have thought of teaching, or probably could have taught, the tumbler-
pigeon to tumble, an action which, as I have witnessed, is performed by young birds, that have never seen a pigeon tumble. We
may believe that some one pigeon showed a slight tendency to this strange habit, and that the long-continued selection of the
best individuals in successive generations made tumblers what they now are; and near Glasgow there are house-tumblers, as I
hear from Mr Brent, which cannot fly eighteen inches high without going head over heels. It may be doubted whether any one
would have thought of training a dog to point, had not some one dog naturally shown a tendency in this line; and this is known
occasionally to happen, as I once saw in a pure terrier. When the first tendency was once displayed, methodical selection and the
inherited effects of compulsory training in each successive generation would soon complete the work; and unconscious selection
is still at work, as each man tries to procure, without intending to improve the breed, dogs which will stand and hunt best. On the
other hand, habit alone in some cases has sufficed; no animal is more difficult to tame than the young of the wild rabbit; scarcely
any animal is tamer than the young of the tame rabbit; but I do not suppose that domestic rabbits have ever been selected for
tameness; and I presume that we must attribute the whole of the inherited change from extreme wildness to extreme tameness,
simply to habit and long-continued close confinement.

Natural instincts are lost under domestication: a remarkable instance of this is seen in those breeds of fowls which very rarely or
never become 'broody,' that is, never wish to sit on their eggs. Familiarity alone prevents our seeing how universally and largely
the minds of our domestic animals have been modified by domestication. It is scarcely possible to doubt that the love of man has
become instinctive in the dog. All wolves, foxes, jackals, and species of the cat genus, when kept tame, are most eager to attack
poultry, sheep, and pigs; and this tendency has been found incurable in dogs which have been brought home as puppies from
countries, such as Tierra del Fuego and Australia, where the savages do not keep these domestic animals. How rarely, on the
other hand, do our civilised dogs, even when quite young, require to be taught not to attack poultry, sheep, and pigs! No doubt
they occasionally do make an attack, and are then beaten; and if not cured, they are destroyed; so that habit, with some degree of
selection, has probably concurred in civilising by inheritance our dogs. On the other hand, young chickens have lost, wholly by
habit, that fear of the dog and cat which no doubt was originally instinctive in them, in the same way as it is so plainly instinctive
in young pheasants, though reared under a hen. It is not that chickens have lost all fear, but fear only of dogs and cats, for if the
hen gives the danger-chuckle, they will run (more especially young turkeys) from under her, and conceal themselves in the
surrounding grass or thickets; and this is evidently done for the instinctive purpose of allowing, as we see in wild ground-birds,
their mother to fly away. But this instinct retained by our chickens has become useless under domestication, for the mother-hen
has almost lost by disuse the power of flight.

Hence, we may conclude, that domestic instincts have been acquired and natural instincts have been lost partly by habit, and
partly by man selecting and accumulating during successive generations, peculiar mental habits and actions, which at first
appeared from what we must in our ignorance call an accident. In some cases compulsory habit alone has sufficed to produce
such inherited mental changes; in other cases compulsory habit has done nothing, and all has been the result of selection,
pursued both methodically and unconsciously; but in most cases, probably, habit and selection have acted together.

We shall, perhaps, best understand how instincts in a state of nature have become modified by selection, by considering a few
cases. I will select only three, out of the several which I shall have to discuss in my future work, namely, the instinct which leads
the cuckoo to lay her eggs in other birds' nests; the slave-making instinct of certain ants; and the comb-making power of the
hive-bee: these two latter instincts have generally, and most justly, been ranked by naturalists as the most wonderful of all known
instincts.

It is now commonly admitted that the more immediate and final cause of the cuckoo's instinct is, that she lays her eggs, not daily,
but at intervals of two or three days; so that, if she were to make her own nest and sit on her own eggs, those first laid would
have to be left for some time unincubated, or there would be eggs and young birds of different ages in the same nest. If this were
the case, the process of laying and hatching might be inconveniently long, more especially as she has to migrate at a very early
period; and the first hatched young would probably have to be fed by the male alone. But the American cuckoo is in this
predicament; for she makes her own nest and has eggs and young successively hatched, all at the same time. It has been asserted
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that the American cuckoo occasionally lays her eggs in other birds' nests; but I hear on the high authority of Dr. Brewer, that this
is a mistake. Nevertheless, I could give several instances of various birds which have been known occasionally to lay their eggs
in other birds' nests. Now let us suppose that the ancient progenitor of our European cuckoo had the habits of the American
cuckoo; but that occasionally she laid an egg in another bird's nest. If the old bird profited by this occasional habit, or if the
young were made more vigorous by advantage having been taken of the mistaken maternal instinct of another bird, than by their
own mother's care, encumbered as she can hardly fail to be by having eggs and young of different ages at the same time; then the
old birds or the fostered young would gain an advantage. And analogy would lead me to believe, that the young thus reared
would be apt to follow by inheritance the occasional and aberrant habit of their mother, and in their turn would be apt to lay their
eggs in other birds' nests, and thus be successful in rearing their young. By a continued process of this nature, I believe that the
strange instinct of our cuckoo could be, and has been, generated. I may add that, according to Dr. Gray and to some other
observers, the European cuckoo has not utterly lost all maternal love and care for her own offspring.

The occasional habit of birds laying their eggs in other birds' nests, either of the same or of a distinct species, is not very
uncommon with the Gallinaceae; and this perhaps explains the origin of a singular instinct in the allied group of ostriches. For
several hen ostriches, at least in the case of the American species, unite and lay first a few eggs in one nest and then in another;
and these are hatched by the males. This instinct may probably be accounted for by the fact of the hens laying a large number of
eggs; but, as in the case of the cuckoo, at intervals of two or three days. This instinct, however, of the American ostrich has not
as yet been perfected; for a surprising number of eggs lie strewed over the plains, so that in one day's hunting I picked up no less
than twenty lost and wasted eggs.

Many bees are parasitic, and always lay their eggs in the nests of bees of other kinds. This case is more remarkable than that of
the cuckoo; for these bees have not only their instincts but their structure modified in accordance with their parasitic habits; for
they do not possess the pollen-collecting apparatus which would be necessary if they had to store food for their own young.
Some species, likewise, of Sphegidae (wasp-like insects) are parasitic on other species; and M. Fabre has lately shown good
reason for believing that although the Tachytes nigra generally makes its own burrow and stores it with paralysed prey for its
own larvae to feed on, yet that when this insect finds a burrow already made and stored by another sphex, it takes advantage of
the prize, and becomes for the occasion parasitic. In this case, as with the supposed case of the cuckoo, I can see no difficulty in
natural selection making an occasional habit permanent, if of advantage to the species, and if the insect whose nest and stored
food are thus feloniously appropriated, be not thus exterminated.

Slave-making instinct. This remarkable instinct was first discovered in the Formica (Polyerges) rufescens by Pierre Huber, a
better observer even than his celebrated father. This ant is absolutely dependent on its slaves; without their aid, the species would
certainly become extinct in a single year. The males and fertile females do no work. The workers or sterile females, though most
energetic and courageous in capturing slaves, do no other work. They are incapable of making their own nests, or of feeding their
own larvae. When the old nest is found inconvenient, and they have to migrate, it is the slaves which determine the migration,
and actually carry their masters in their jaws. So utterly helpless are the masters, that when Huber shut up thirty of them without
a slave, but with plenty of the food which they like best, and with their larvae and pupae to stimulate them to work, they did
nothing; they could not even feed themselves, and many perished of hunger. Huber then introduced a single slave (F. fusca), and
she instantly set to work, fed and saved the survivors; made some cells and tended the larvae, and put all to rights. What can be
more extraordinary than these well-ascertained facts? If we had not known of any other slave-making ant, it would have been
hopeless to have speculated how so wonderful an instinct could have been perfected.

Formica sanguinea was likewise first discovered by P. Huber to be a slave-making ant. This species is found in the southern parts
of England, and its habits have been attended to by Mr. F. Smith, of the British Museum, to whom I am much indebted for
information on this and other subjects. Although fully trusting to the statements of Huber and Mr. Smith, I tried to approach the
subject in a sceptical frame of mind, as any one may well be excused for doubting the truth of so extraordinary and odious an
instinct as that of making slaves. Hence I will give the observations which I have made myself made, in some little detail. I
opened fourteen nests of F. sanguinea, and found a few slaves in all. Males and fertile females of the slave-species are found
only in their own proper communities, and have never been observed in the nests of F. sanguinea. The slaves are black and not
above half the size of their red masters, so that the contrast in their appearance is very great. When the nest is slightly disturbed,
the slaves occasionally come out, and like their masters are much agitated and defend their nest: when the nest is much disturbed
and the larvae and pupae are exposed, the slaves work energetically with their masters in carrying them away to a place of safety.
Hence, it is clear, that the slaves feel quite at home. During the months of June and July, on three successive years, I have
watched for many hours several nests in Surrey and Sussex, and never saw a slave either leave or enter a nest. As, during these
months, the slaves are very few in number, I thought that they might behave differently when more numerous; but Mr. Smith
informs me that he has watched the nests at various hours during May, June and August, both in Surrey and Hampshire, and has
never seen the slaves, though present in large numbers in August, either leave or enter the nest. Hence he considers them as
strictly household slaves. The masters, on the other hand, may be constantly seen bringing in materials for the nest, and food of
all kinds. During the present year, however, in the month of July, I came across a community with an unusually large stock of
slaves, and I observed a few slaves mingled with their masters leaving the nest, and marching along the same road to a tall
Scotch-fir-tree, twenty-five yards distant, which they ascended together, probably in search of aphides or cocci. According to
Huber, who had ample opportunities for observation, in Switzerland the slaves habitually work with their masters in making the
nest, and they alone open and close the doors in the morning and evening; and, as Huber expressly states, their principal office is
to search for aphides. This difference in the usual habits of the masters and slaves in the two countries, probably depends merely
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on the slaves being captured in greater numbers in Switzerland than in England.

One day I fortunately chanced to witness a migration from one nest to another, and it was a most interesting spectacle to behold
the masters carefully carrying, as Huber has described, their slaves in their jaws. Another day my attention was struck by about a
score of the slave-makers haunting the same spot, and evidently not in search of food; they approached and were vigorously
repulsed by an independent community of the slave species (F. fusca); sometimes as many as three of these ants clinging to the
legs of the slave-making F. sanguinea. The latter ruthlessly killed their small opponents, and carried their dead bodies as food to
their nest, twenty-nine yards distant; but they were prevented from getting any pupae to rear as slaves. I then dug up a small
parcel of the pupae of F. fusca from another nest, and put them down on a bare spot near the place of combat; they were eagerly
seized, and carried off by the tyrants, who perhaps fancied that, after all, they had been victorious in their late combat.

At the same time I laid on the same place a small parcel of the pupae of another species, F. flava, with a few of these little yellow
ants still clinging to the fragments of the nest. This species is sometimes, though rarely, made into slaves, as has been described
by Mr Smith. Although so small a species, it is very courageous, and I have seen it ferociously attack other ants. In one instance
I found to my surprise an independent community of F. flava under a stone beneath a nest of the slave-making F. sanguinea; and
when I had accidentally disturbed both nests, the little ants attacked their big neighbours with surprising courage. Now I was
curious to ascertain whether F. sanguinea could distinguish the pupae of F. fusca, which they habitually make into slaves, from
those of the little and furious F. flava, which they rarely capture, and it was evident that they did at once distinguish them: for we
have seen that they eagerly and instantly seized the pupae of F. fusca, whereas they were much terrified when they came across
the pupae, or even the earth from the nest of F. flava, and quickly ran away; but in about a quarter of an hour, shortly after all the
little yellow ants had crawled away, they took heart and carried off the pupae.

One evening I visited another community of F. sanguinea, and found a number of these ants entering their nest, carrying the dead
bodies of F. fusca (showing that it was not a migration) and numerous pupae. I traced the returning file burthened with booty, for
about forty yards, to a very thick clump of heath. whence I saw the last individual of F. sanguinea emerge, carrying a pupa; but I
was not able to find the desolated nest in the thick heath. The nest, however, must have been close at hand, for two or three
individuals of F. fusca were rushing about in the greatest agitation, and one was perched motionless with its own pupa in its
mouth on the top of a spray of heath over its ravaged home.

Such are the facts, though they did not need confirmation by me, in regard to the wonderful instinct of making slaves. Let it be
observed what a contrast the instinctive habits of F. sanguinea present with those of the F. rufescens. The latter does not build its
own nest, does not determine its own migrations, does not collect food for itself or its young, and cannot even feed itself: it is
absolutely dependent on its numerous slaves. Formica sanguinea, on the other hand, possesses much fewer slaves, and in the
early part of the summer extremely few. The masters determine when and where a new nest shall be formed, and when they
migrate, the masters carry the slaves. Both in Switzerland and England the slaves seem to have the exclusive care of the larvae,
and the masters alone go on slave-making expeditions. In Switzerland the slaves and masters work together, making and
bringing materials for the nest: both, but chiefly the slaves, tend, and milk as it may be called, their aphides; and thus both collect
food for the community. In England the masters alone usually leave the nest to collect building materials and food for
themselves, their slaves and larvae. So that the masters in this country receive much less service from their slaves than they do in
Switzerland.

By what steps the instinct of F. sanguinea originated I will not pretend to conjecture. But as ants, which are not slave-makers,
will, as I have seen, carry off pupae of other species, if scattered near their nests, it is possible that pupae originally stored as
food might become developed; and the ants thus unintentionally reared would then follow their proper instincts, and do what
work they could. If their presence proved useful to the species which had seized them if it were more advantageous to this
species to capture workers than to procreate them the habit of collecting pupae originally for food might by natural selection be
strengthened and rendered permanent for the very different purpose of raising slaves. When the instinct was once acquired, if
carried out to a much less extent even than in our British F. sanguinea, which, as we have seen, is less aided by its slaves than the
same species in Switzerland, I can see no difficulty in natural selection increasing and modifying the instinct always supposing
each modification to be of use to the species until an ant was formed as abjectly dependent on its slaves as is the Formica
rufescens.

Cell-making instinct of the Hive-Bee. I will not here enter on minute details on this subject, but will merely give an outline of the
conclusions at which I have arrived. He must be a dull man who can examine the exquisite structure of a comb, so beautifully
adapted to its end, without enthusiastic admiration. We hear from mathematicians that bees have practically solved a recondite
problem, and have made their cells of the proper shape to hold the greatest possible amount of honey, with the least possible
consumption of previous wax in their construction. It has been remarked that a skilful workman, with fitting tools and measures,
would find it very difficult to make cells of wax of the true form, though this is perfectly effected by a crowd of bees working in
a dark hive. Grant whatever instincts you please, and it seems at first quite inconceivable how they can make all the necessary
angles and planes, or even perceive when they are correctly made. But the difficulty is not nearly so great as it at first appears: all
this beautiful work can be shown, I think, to follow from a few very simple instincts.

I was led to investigate this subject by Mr. Waterhouse, who has shown that the form of the cell stands in close relation to the
presence of adjoining cells; and the following view may, perhaps, be considered only as a modification of this theory. Let us look
to the great principle of gradation, and see whether Nature does not reveal to us her method of work. At one end of a short series
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we have humble-bees, which use their old cocoons to hold honey, sometimes adding to them short tubes of wax, and likewise
making separate and very irregular rounded cells of wax. At the other end of the series we have the cells of the hive-bee, placed
in a double layer: each cell, as is well know, is an hexagonal prism, with the basal edges of its six sides bevelled so as to join on
to a pyramid, formed of three rhombs. These rhombs have certain angles, and the three which form the pyramidal base of a
single cell on one side of the comb, enter into the composition of the bases of three adjoining cells on the opposite side. In the
series between the extreme perfection of the cells of the hive-bee and the simplicity of those of the humble-bee, we have the cells
of the Mexican Melipona domestica, carefully described and figured by Pierre Huber. The Melipona itself is intermediate in
structure between the hive and humble bee, but more nearly related to the latter: it forms a nearly regular waxen comb of
cylindrical cells, in which the young are hatched, and, in addition, some large cells of wax for holding honey. These latter cells
are nearly spherical and of nearly equal sizes, and are aggregated into an irregular mass. But the important point to notice, is that
these cells are always made at that degree of nearness to each other, that they would have intersected or broken into each other, if
the spheres had been completed; but this is never permitted, the bees building perfectly flat walls of wax between the spheres
which thus tend to intersect. Hence each cell consists of an outer spherical portion and of two, three, or more perfectly flat
surfaces, according as the cell adjoins two, three or more other cells. When one cell comes into contact with three other cells,
which, from the spheres being nearly of the same size, is very frequently and necessarily the case, the three flat surfaces are
united into a pyramid; and this pyramid, as Huber has remarked, is manifestly a gross imitation of the three-sided pyramidal
basis of the cell of the hive-bee. As in the cells of the hive-bee, so here, the three plane surfaces in any one cell necessarily enter
into the construction of three adjoining cells. It is obvious that the Melipona saves wax by this manner of building; for the flat
walls between the adjoining cells are not double, but are of the same thickness as the outer spherical portions, and yet each flat
portion forms a part of two cells.

Reflecting on this case, it occurred to me that if the Melipona had made its spheres at some given distance from each other, and
had made them of equal sizes and had arranged them symmetrically in a double layer, the resulting structure would probably
have been as perfect as the comb of the hive-bee. Accordingly I wrote to Professor Miller, of Cambridge, and this geometer has
kindly read over the following statement, drawn up from his information, and tells me that it is strictly correct:-

If a number of equal spheres be described with their centres placed in two parallel layers; with the centre of each sphere at the
distance of radius X /sqrt[2] or radius X 1.41421 (or at some lesser distance), from the centres of the six surrounding spheres in
the same layer; and at the same distance from the centres of the adjoining spheres in the other and parallel layer; then, if planes
of intersection between the several spheres in both layers be formed, there will result a double layer of hexagonal prisms united
together by pyramidal bases formed of three rhombs; and the rhombs and the sides of the hexagonal prisms will have every angle
identically the same with the best measurements which have been made of the cells of the hive-bee.

Hence we may safely conclude that if we could slightly modify the instincts already possessed by the Melipona, and in
themselves not very wonderful, this bee would make a structure as wonderfully perfect as that of the hive-bee. We must suppose
the Melipona to make her cells truly spherical, and of equal sizes; and this would not be very surprising, seeing that she already
does so to a certain extent, and seeing what perfectly cylindrical burrows in wood many insects can make, apparently by turning
round on a fixed point. We must suppose the Melipona to arrange her cells in level layers, as she already does her cylindrical
cells; and we must further suppose, and this is the greatest difficulty, that she can somehow judge accurately at what distance to
stand from her fellow-labourers when several are making their spheres; but she is already so far enabled to judge of distance, that
she always describes her spheres so as to intersect largely; and then she unites the points of intersection by perfectly flat
surfaces. We have further to suppose, but this is no difficulty, that after hexagonal prisms have been formed by the intersection of
adjoining spheres in the same layer, she can prolong the hexagon to any length requisite to hold the stock of honey; in the same
way as the rude humble-bee adds cylinders of wax to the circular mouths of her old cocoons. By such modifications of instincts
in themselves not very wonderful, hardly more wonderful than those which guide a bird to make its nest, I believe that the hive-
bee has acquired, through natural selection, her inimitable architectural powers.

But this theory can be tested by experiment. Following the example of Mr Tegetmeier, I separated two combs, and put between
them a long, thick, square strip of wax: the bees instantly began to excavate minute circular pits in it; and as they deepened these
little pits, they made them wider and wider until they were converted into shallow basins, appearing to the eye perfectly true or
parts of a sphere, and of about the diameter of a cell. It was most interesting to me to observe that wherever several bees had
begun to excavate these basins near together, they had begun their work at such a distance from each other, that by the time the
basins had acquired the above stated width (i.e. about the width of an ordinary cell), and were in depth about one sixth of the
diameter of the sphere of which they formed a part, the rims of the basins intersected or broke into each other. As soon as this
occurred, the bees ceased to excavate, and began to build up flat walls of wax on the lines of intersection between the basins, so
that each hexagonal prism was built upon the festooned edge of a smooth basin, instead of on the straight edges of a three-sided
pyramid as in the case of ordinary cells.

I then put into the hive, instead of a thick, square piece of wax, a thin and narrow, knife-edged ridge, coloured with vermilion.
The bees instantly began on both sides to excavate little basins near to each other, in the same way as before; but the ridge of
wax was so thin, that the bottoms of the basins, if they had been excavated to the same depth as in the former experiment, would
have broken into each other from the opposite sides. The bees, however, did not suffer this to happen, and they stopped their
excavations in due time; so that the basins, as soon as they had been a little deepened, came to have flat bottoms; and these flat
bottoms, formed by thin little plates of the vermilion wax having been left ungnawed, were situated, as far as the eye could
judge, exactly along the planes of imaginary intersection between the basins on the opposite sides of the ridge of wax. In parts,
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only little bits, in other parts, large portions of a rhombic plate had been left between the opposed basins, but the work, from the
unnatural state of things, had not been neatly performed. The bees must have worked at very nearly the same rate on the opposite
side of the ridge of vermilion wax, as they circularly gnawed away and deepened the basins on both sides, in order to have
succeeded in thus leaving flat plates between the basins, by stopping work along the intermediate planes or planes of
intersection.

Considering how flexible thin wax is, I do not see that there is any difficulty in the bees, whilst at work on the two sides of a
strip of wax, perceiving when they have gnawed the wax away to the proper thinness, and then stopping their work. In ordinary
combs it has appeared to me that the bees do not always succeed in working at exactly the same rate from the opposite sides; for
I have noticed half-completed rhombs at the base of a just-commenced cell, which were slightly concave on one side, where I
suppose that the bees had excavated too quickly, and convex on the opposed side, where the bees had worked less quickly. In one
well-marked instance, I put the comb back into the hive and allowed the bees to go on working for a short time and again
examined the cell, and I found that the rhombic plate had been completed, and had become perfectly flat: it was absolutely
impossible, from the extreme thinness of the little rhombic plate, that they could have affected this by gnawing away the convex
side; and I suspect that the bees in such cases stand in the opposed cells and push and bend the ductile and warm wax (which as I
have tried is easily done) into its proper intermediate plane, and thus flatten it.

From the experiment of the ridge of vermilion wax, we can clearly see that if the bees were to build for themselves a thin wall of
wax, they could make their cells of the proper shape, by standing at the proper distance from each other, by excavating at the
same rate, and by endeavouring to make equal spherical hollows, but never allowing the spheres to break into each other. Now
bees, as may be clearly seen by examining the edge of a growing comb, do make a rough, circumferential wall or rim all round
the comb; and they gnaw into this from the opposite sides, always working circularly as they deepen each cell. They do not make
the whole three-sided pyramidal base of any one cell at the same time, but only the one rhombic plate which stands on the
extreme growing margin, or the two plates, as the case may be; and they never complete the upper edges of the rhombic plates,
until the hexagonal walls are commenced. Some of these statements differ from those made by the justly celebrated elder Huber,
but I am convinced of their accuracy; and if I had space, I could show that they are conformable with my theory.

Huber's statement that the very first cell is excavated out of a little parallel-sided wall of wax, is not, as far as I have seen, strictly
correct; the first commencement having always been a little hood of wax; but I will not here enter on these details. We see how
important a part excavation plays in the construction of the cells; but it would be a great error to suppose that the bees cannot
build up a rough wall of wax in the proper position that is, along the plane of intersection between two adjoining spheres. I have
several specimens showing clearly that they can do this. Even in the rude circumferential rim or wall of wax round a growing
comb, flexures may sometimes be observed, corresponding in position to the planes of the rhombic basal plates of future cells.
But the rough wall of wax has in every case to be finished off, by being largely gnawed away on both sides. The manner in
which the bees build is curious; they always make the first rough wall from ten to twenty times thicker than the excessively thin
finished wall of the cell, which will ultimately be left. We shall understand how they work, by supposing masons first to pile up
a broad ridge of cement, and then to begin cutting it away equally on both sides near the ground, till a smooth, very thin wall is
left in the middle; the masons always piling up the cut-away cement, and adding fresh cement, on the summit of the ridge. We
shall thus have a thin wall steadily growing upward; but always crowned by a gigantic coping. From all the cells, both those just
commenced and those completed, being thus crowned by a strong coping of wax, the bees can cluster and crawl over the comb
without injuring the delicate hexagonal walls, which are only about one four-hundredth of an inch in thickness; the plates of the
pyramidal basis being about twice as thick. By this singular manner of building, strength is continually given to the comb, with
the utmost ultimate economy of wax.

It seems at first to add to the difficulty of understanding how the cells are made, that a multitude of bees all work together; one
bee after working a short time at one cell going to another, so that, as Huber has stated, a score of individuals work even at the
commencement of the first cell. I was able practically to show this fact, by covering the edges of the hexagonal walls of a single
cell, or the extreme margin of the circumferential rim of a growing comb, with an extremely thin layer of melted vermilion wax;
and I invariably found that the colour was most delicately diffused by the bees as delicately as a painter could have done with his
brush by atoms of the coloured wax having been taken from the spot on which it had been placed, and worked into the growing
edges of the cells all round. The work of construction seems to be a sort of balance struck between many bees, all instinctively
standing at the same relative distance from each other, all trying to sweep equal spheres, and then building up, or leaving
ungnawed, the planes of intersection between these spheres. It was really curious to note in cases of difficulty, as when two
pieces of comb met at an angle, how often the bees would entirely pull down and rebuild in different ways the same cell,
sometimes recurring to a shape which they had at first rejected.

When bees have a place on which they can stand in their proper positions for working, for instance, on a slip of wood, placed
directly under the middle of a comb growing downwards so that the comb has to be built over one face of the slip in this case the
bees can lay the foundations of one wall of a new hexagon, in its strictly proper place, projecting beyond the other completed
cells. It suffices that the bees should be enabled to stand at their proper relative distances from each other and from the walls of
the last completed cells, and then, by striking imaginary spheres, they can build up a wall intermediate between two adjoining
spheres; but, as far as I have seen, they never gnaw away and finish off the angles of a cell till a large part both of that cell and of
the adjoining cells has been built. This capacity in bees of laying down under certain circumstances a rough wall in its proper
place between two just-commenced cells, is important, as it bears on a fact, which seems at first quite subversive of the
foregoing theory; namely, that the cells on the extreme margin of wasp-combs are sometimes strictly hexagonal; but I have not
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space here to enter on this subject. Nor does there seem to me any great difficulty in a single insect (as in the case of a queen-
wasp) making hexagonal cells, if she work alternately on the inside and outside of two or three cells commenced at the same
time, always standing at the proper relative distance from the parts of the cells just begun, sweeping spheres or cylinders, and
building up intermediate planes. It is even conceivable that an insect might, by fixing on a point at which to commence a cell,
and then moving outside, first to one point, and then to five other points, at the proper relative distances from the central point
and from each other, strike the planes of intersection, and so make an isolated hexagon: but I am not aware that any such case
has been observed; nor would any good be derived from a single hexagon being built, as in its construction more materials
would be required than for a cylinder.

As natural selection acts only by the accumulation of slight modifications of structure or instinct, each profitable to the
individual under its conditions of life, it may reasonably be asked, how a long and graduated succession of modified architectural
instincts, all tending towards the present perfect plan of construction, could have profited the progenitors of the hive-bee? I think
the answer is not difficult: it is known that bees are often hard pressed to get sufficient nectar; and I am informed by Mr.
Tegetmeier that it has been experimentally found that no less than from twelve to fifteen pounds of dry sugar are consumed by a
hive of bees for the secretion of each pound of wax; so that a prodigious quantity of fluid nectar must be collected and consumed
by the bees in a hive for the secretion of the wax necessary for the construction of their combs. Moreover, many bees have to
remain idle for many days during the process of secretion. A large store of honey is indispensable to support a large stock of bees
during the winter; and the security of the hive is known mainly to depend on a large number of bees being supported. Hence the
saving of wax by largely saving honey must be a most important element of success in any family of bees. Of course the success
of any species of bee may be dependent on the number of its parasites or other enemies, or on quite distinct causes, and so be
altogether independent of the quantity of honey which the bees could collect. But let us suppose that this latter circumstance
determined, as it probably often does determine, the numbers of a humble-bee which could exist in a country; and let us further
suppose that the community lived throughout the winter, and consequently required a store of honey: there can in this case be no
doubt that it would be an advantage to our humble-bee, if a slight modification of her instinct led her to make her waxen cells
near together, so as to intersect a little; for a wall in common even to two adjoining cells, would save some little wax. Hence it
would continually be more and more advantageous to our humble-bee, if she were to make her cells more and more regular,
nearer together, and aggregated into a mass, like the cells of the Melipona; for in this case a large part of the bounding surface of
each cell would serve to bound other cells, and much wax would be saved. Again, from the same cause, it would be
advantageous to the Melipona, if she were to make her cells closer together, and more regular in every way than at present; for
then, as we have seen, the spherical surfaces would wholly disappear, and would all be replaced by plane surfaces; and the
Melipona would make a comb as perfect as that of the hive-bee. Beyond this stage of perfection in architecture, natural selection
could not lead; for the comb of the hive-bee, as far as we can see, is absolutely perfect in economising wax.

Thus, as I believe, the most wonderful of all known instincts, that of the hive-bee, can be explained by natural selection having
taken advantage of numerous, successive, slight modifications of simpler instincts; natural selection having by slow degrees,
more and more perfectly, led the bees to sweep equal spheres at a given distance from each other in a double layer, and to build
up and excavate the wax along the planes of intersection. The bees, of course, no more knowing that they swept their spheres at
one particular distance from each other, than they know what are the several angles of the hexagonal prisms and of the basal
rhombic plates. The motive power of the process of natural selection having been economy of wax; that individual swarm which
wasted least honey in the secretion of wax, having succeeded best, and having transmitted by inheritance its newly acquired
economical instinct to new swarms, which in their turn will have had the best chance of succeeding in the struggle for existence.

No doubt many instincts of very difficult explanation could be opposed to the theory of natural selection, cases, in which we
cannot see how an instinct could possibly have originated; cases, in which no intermediate gradations are known to exist; cases
of instinct of apparently such trifling importance, that they could hardly have been acted on by natural selection; cases of
instincts almost identically the same in animals so remote in the scale of nature, that we cannot account for their similarity by
inheritance from a common parent, and must therefore believe that they have been acquired by independent acts of natural
selection. I will not here enter on these several cases, but will confine myself to one special difficulty, which at first appeared to
me insuperable, and actually fatal to my whole theory. I allude to the neuters or sterile females in insect-communities: for these
neuters often differ widely in instinct and in structure from both the males and fertile females, and yet, from being sterile, they
cannot propagate their kind.

The subject well deserves to be discussed at great length, but I will here take only a single case, that of working or sterile ants.
How the workers have been rendered sterile is a difficulty; but not much greater than that of any other striking modification of
structure; for it can be shown that some insects and other articulate animals in a state of nature occasionally become sterile; and
if such insects had been social, and it had been profitable to the community that a number should have been annually born
capable of work, but incapable of procreation, I can see no very great difficulty in this being effected by natural selection. But I
must pass over this preliminary difficulty. The great difficulty lies in the working ants differing widely from both the males and
the fertile females in structure, as in the shape of the thorax and in being destitute of wings and sometimes of eyes, and in
instinct. As far as instinct alone is concerned, the prodigious difference in this respect between the workers and the perfect
females, would have been far better exemplified by the hive-bee. If a working ant or other neuter insect had been an animal in
the ordinary state, I should have unhesitatingly assumed that all its characters had been slowly acquired through natural
selection; namely, by an individual having been born with some slight profitable modification of structure, this being inherited
by its offspring, which again varied and were again selected, and so onwards. But with the working ant we have an insect
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differing greatly from its parents, yet absolutely sterile; so that it could never have transmitted successively acquired
modifications of structure or instinct to its progeny. It may well be asked how is it possible to reconcile this case with the theory
of natural selection?

First, let it be remembered that we have innumerable instances, both in our domestic productions and in those in a state of nature,
of all sorts of differences of structure which have become correlated to certain ages, and to either sex. We have differences
correlated not only to one sex, but to that short period alone when the reproductive system is active, as in the nuptial plumage of
many birds, and in the hooked jaws of the male salmon. We have even slight differences in the horns of different breeds of cattle
in relation to an artificially imperfect state of the male sex; for oxen of certain breeds have longer horns than in other breeds, in
comparison with the horns of the bulls or cows of these same breeds. Hence I can see no real difficulty in any character having
become correlated with the sterile condition of certain members of insect-communities: the difficulty lies in understanding how
such correlated modifications of structure could have been slowly accumulated by natural selection.

This difficulty, though appearing insuperable, is lessened, or, as I believe, disappears, when it is remembered that selection may
be applied to the family, as well as to the individual, and may thus gain the desired end. Thus, a well-flavoured vegetable is
cooked, and the individual is destroyed; but the horticulturist sows seeds of the same stock, and confidently expects to get nearly
the same variety; breeders of cattle wish the flesh and fat to be well marbled together; the animal has been slaughtered, but the
breeder goes with confidence to the same family. I have such faith in the powers of selection, that I do not doubt that a breed of
cattle, always yielding oxen with extraordinarily long horns, could be slowly formed by carefully watching which individual
bulls and cows, when matched, produced oxen with the longest horns; and yet no one ox could ever have propagated its kind.
Thus I believe it has been with social insects: a slight modification of structure, or instinct, correlated with the sterile condition
of certain members of the community, has been advantageous to the community: consequently the fertile males and females of
the same community flourished, and transmitted to their fertile offspring a tendency to produce sterile members having the same
modification. And I believe that this process has been repeated, until that prodigious amount of difference between the fertile and
sterile females of the same species has been produced, which we see in many social insects.

But we have not as yet touched on the climax of the difficulty; namely, the fact that the neuters of several ants differ, not only
from the fertile females and males, but from each other, sometimes to an almost incredible degree, and are thus divided into two
or even three castes. The castes, moreover, do not generally graduate into each other, but are perfectly well defined; being as
distinct from each other, as are any two species of the same genus, or rather as any two genera of the same family. Thus in
Eciton, there are working and soldier neuters, with jaws and instincts extraordinarily different: in Cryptocerus, the workers of
one caste alone carry a wonderful sort of shield on their heads, the use of which is quite unknown: in the Mexican
Myrmecocystus, the workers of one caste never leave the nest; they are fed by the workers of another caste, and they have an
enormously developed abdomen which secretes a sort of honey, supplying the place of that excreted by the aphides, or the
domestic cattle as they may be called, which our European ants guard or imprison.

It will indeed be thought that I have an overweening confidence in the principle of natural selection, when I do not admit that
such wonderful and well-established facts at once annihilate my theory. In the simpler case of neuter insects all of one caste or of
the same kind, which have been rendered by natural selection, as I believe to be quite possible, different from the fertile males
and females, in this case, we may safely conclude from the analogy of ordinary variations, that each successive, slight, profitable
modification did not probably at first appear in all the individual neuters in the same nest, but in a few alone; and that by the
long-continued selection of the fertile parents which produced most neuters with the profitable modification, all the neuters
ultimately came to have the desired character. On this view we ought occasionally to find neuter-insects of the same species, in
the same nest, presenting gradations of structure; and this we do find, even often, considering how few neuter-insects out of
Europe have been carefully examined. Mr F. Smith has shown how surprisingly the neuters of several British ants differ from
each other in size and sometimes in colour; and that the extreme forms can sometimes be perfectly linked together by individuals
taken out of the same nest: I have myself compared perfect gradations of this kind. It often happens that the larger or the smaller
sized workers are the most numerous; or that both large and small are numerous, with those of an intermediate size scanty in
numbers. Formica flava has larger and smaller workers, with some of intermediate size; and, in this species, as Mr F. Smith has
observed, the larger workers have simple eyes (ocelli), which though small can be plainly distinguished, whereas the smaller
workers have their ocelli rudimentary. Having carefully dissected several specimens of these workers, I can affirm that the eyes
are far more rudimentary in the smaller workers than can be accounted for merely by their proportionally lesser size; and I fully
believe, though I dare not assert so positively, that the workers of intermediate size have their ocelli in an exactly intermediate
condition. So that we here have two bodies of sterile workers in the same nest, differing not only in size, but in their organs of
vision, yet connected by some few members in an intermediate condition. I may digress by adding, that if the smaller workers
had been the most useful to the community, and those males and females had been continually selected, which produced more
and more of the smaller workers, until all the workers had come to be in this condition; we should then have had a species of ant
with neuters very nearly in the same condition with those of Myrmica. For the workers of Myrmica have not even rudiments of
ocelli, though the male and female ants of this genus have well-developed ocelli.

I may give one other case: so confidently did I expect to find gradations in important points of structure between the different
castes of neuters in the same species, that I gladly availed myself of Mr F. Smith's offer of numerous specimens from the same
nest of the driver ant (Anomma) of West Africa. The reader will perhaps best appreciate the amount of difference in these
workers, by my giving not the actual measurements, but a strictly accurate illustration: the difference was the same as if we were
to see a set of workmen building a house of whom many were five feet four inches high, and many sixteen feet high; but we
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must suppose that the larger workmen had heads four instead of three times as big as those of the smaller men, and jaws nearly
five times as big. The jaws, moreover, of the working ants of the several sizes differed wonderfully in shape, and in the form and
number of the teeth. But the important fact for us is, that though the workers can be grouped into castes of different sizes, yet
they graduate insensibly into each other, as does the widely-different structure of their jaws. I speak confidently on this latter
point, as Mr Lubbock made drawings for me with the camera lucida of the jaws which I had dissected from the workers of the
several sizes.

With these facts before me, I believe that natural selection, by acting on the fertile parents, could form a species which should
regularly produce neuters, either all of large size with one form of jaw, or all of small size with jaws having a widely different
structure; or lastly, and this is our climax of difficulty, one set of workers of one size and structure, and simultaneously another
set of workers of a different size and structure; a graduated series having been first formed, as in the case of the driver ant, and
then the extreme forms, from being the most useful to the community, having been produced in greater and greater numbers
through the natural selection of the parents which generated them; until none with an intermediate structure were produced.

Thus, as I believe, the wonderful fact of two distinctly defined castes of sterile workers existing in the same nest, both widely
different from each other and from their parents, has originated. We can see how useful their production may have been to a
social community of insects, on the same principle that the division of labour is useful to civilised man. As ants work by
inherited instincts and by inherited tools or weapons, and not by acquired knowledge and manufactured instruments, a perfect
division of labour could be effected with them only by the workers being sterile; for had they been fertile, they would have
intercrossed, and their instincts and structure would have become blended. And nature has, as I believe, effected this admirable
division of labour in the communities of ants, by the means of natural selection. But I am bound to confess, that, with all my
faith in this principle, I should never have anticipated that natural selection could have been efficient in so high a degree, had not
the case of these neuter insects convinced me of the fact. I have, therefore, discussed this case, at some little but wholly
insufficient length, in order to show the power of natural selection, and likewise because this is by far the most serious special
difficulty, which my theory has encountered. The case, also, is very interesting, as it proves that with animals, as with plants, any
amount of modification in structure can be effected by the accumulation of numerous, slight, and as we must call them
accidental, variations, which are in any manner profitable, without exercise or habit having come into play. For no amount of
exercise, or habit, or volition, in the utterly sterile members of a community could possibly have affected the structure or
instincts of the fertile members, which alone leave descendants. I am surprised that no one has advanced this demonstrative case
of neuter insects, against the well-known doctrine of Lamarck.

Summary. I have endeavoured briefly in this chapter to show that the mental qualities of our domestic animals vary, and that the
variations are inherited. Still more briefly I have attempted to show that instincts vary slightly in a state of nature. No one will
dispute that instincts are of the highest importance to each animal. Therefore I can see no difficulty, under changing conditions of
life, in natural selection accumulating slight modifications of instinct to any extent, in any useful direction. In some cases habit
or use and disuse have probably come into play. I do not pretend that the facts given in this chapter strengthen in any great
degree my theory; but none of the cases of difficulty, to the best of my judgment, annihilate it. On the other hand, the fact that
instincts are not always absolutely perfect and are liable to mistakes; that no instinct has been produced for the exclusive good of
other animals, but that each animal takes advantage of the instincts of others; that the canon in natural history, of 'natura non facit
saltum' is applicable to instincts as well as to corporeal structure, and is plainly explicable on the foregoing views, but is
otherwise inexplicable, all tend to corroborate the theory of natural selection.

This theory is, also, strengthened by some few other facts in regard to instincts; as by that common case of closely allied, but
certainly distinct, species, when inhabiting distant parts of the world and living under considerably different conditions of life,
yet often retaining nearly the same instincts. For instance, we can understand on the principle of inheritance, how it is that the
thrush of South America lines its nest with mud, in the same peculiar manner as does our British thrush: how it is that the male
wrens (Troglodytes) of North America, build 'cock-nests,' to roost in, like the males of our distinct Kitty-wrens, a habit wholly
unlike that of any other known bird. Finally, it may not be a logical deduction, but to my imagination it is far more satisfactory to
look at such instincts as the young cuckoo ejecting its foster-brothers, ants making slaves, -- the larvae of ichneumonidae feeding
within the live bodies of caterpillars, not as specially endowed or created instincts, but as small consequences of one general law,
leading to the advancement of all organic beings, namely, multiply, vary, let the strongest live and the weakest die.
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In February 1858, Alfred Russell Wallace, while trying 
to make a living in the Malay Archipelago collecting 
specimens for wealthy Englishmen, developed the idea 
of the origin of species by natural selection of heritable 
variations. He sent a manuscript describing these ideas 
to the established biologist Charles Darwin whose travel 
writing he had long admired (Wallace 1905). Darwin 
was stunned to see the ideas in Wallace’s manuscript that 
he had been developing for decades but had never pre-
sented publicly. On the advice of his close friends, the 
geologist Sir Charles Lyell and the botanist Joseph 
Hooker, back-to-back papers by Darwin and Wallace, on 
their independently arrived at theory of natural selection, 
were presented at a meeting of the Linnaean Society on 
July 1, 1858 (e.g., Browne 1995; Desmond and Moore 
1994; the papers are reprinted as Darwin and Wallace 
1958). Not only is there no evidence for a priority dis-
pute between them, but for the rest of their lives they 
exuded extraordinary affection for each other. For exam-
ple, Darwin writes to Wallace on May 28, 1864 “. . . but 
you ought not to speak . . . of the theory as mine, it is just 
as much yours as mine” (Marchant 1916) and Wallace 
replies the next day:

As to the Theory of Natural Selection itself, I shall 
always maintain it to be actually yours and yours 
only. You had worked it out in details that I would 
never have thought of, years before I had a ray of 
light on the subject . . . . All the merit I claim is . . . 
having been the means of inducing you to write and 
publish at once (Marchant 1916).

A decade after their joint paper, Wallace radically 
diverged from Darwin and claimed that natural selection 
did not apply to human cognition. This article considers 
how Wallace’s background and life experiences led to this 
marked disagreement from Darwin.

Wallace’s Background
Education. Wallace came from an impoverished family 
that could only support six years of formal schooling for 
him, all in a one-room schoolhouse. As a teenager and in 
his twenties he worked as a builder in London where he 
often frequented working class educational institutes 
such as the “Halls of Science” and Mechanics Institutes. 
There he was exposed to the ideas and movements popu-
lar among fellow “plebian autodidacts” of the day par-
ticularly the interrelated currents of Owenite socialism, 
phrenology, and mesmerism (Wallace 1905; Marchant 
1916). Each of these movements represented working 
and lower middle class revolts against the established 
order in science, religion, and government (Cooter 1984; 
Winter 1997; Jones 2002; Barrow 1986; Claeys 2008; 
Moore 2008; Smith 2008). Each continued to exert major 
influences on Wallace from his teenage years until his 
death in 1913 (Wallace 1898, 1905; Marchant 1916). These 
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movements were scoffed at by the Victorian scientific 
elite and today are largely relegated to the dustbin of 
pseudoscience. In view of their importance to Wallace and 
his ideas, they deserve to be seen in their nineteenth-
century historical context.

Socialism. Wallace wrote of Robert Owen “. . . I have 
always looked upon Owen as my first teacher in the phi-
losophy of human nature and my first guide through the 
labyrinth of social science” (Wallace 1905) and “I consider 
Owen of the first as well as one of the greatest men of the 
19th century . . . but too far in advance of his time” (March-
ant 1916). Owen was a Utopian socialist and agnostic and 
taught that humans are the product of their environment 
and education not of any “preexisting” condition. For Owen, 
each child was a blank slate:

Human nature, save the minute differences which are 
ever found in all the compounds of the creation, is 
one and the same in all; it is without exception uni-
versally plastic, and by judicious training the infants 
of any one class in the world may be readily formed 
into men of any other class (Owen 1991[1816]).

Phrenology as developed by Franz Joseph Gall and 
J. C. Spurzheim was based on several original principles: 1) 
The cerebral cortex is a set of organs that underlie 
different psychological faculties; 2) the development of 
these faculties is a function of the activity and, therefore, 
the size of the corresponding cortical organ; and 3) the 
size of each cortical organ is reflected in the prominence 
(bumps) of the overlying skull. At the time phrenology 
was a “purveyor” of materi alism and rationalism that  
helped lay the groundwork for the acceptance of evolu-
tionary ideas as well as the localization of psychological 
function in different brain areas. Gall’s originality and 
achievement must be seen in the context of preceding 
both Broca’s demonstration of localization of language 
function in the cortex and Fritch and Hitzig’s and Ferrier’s 
demonstration of movement produced by electrical stimu-
lation of the brain. In the long run, phrenology was a 
major stimulus to the development of modern neuroscience 
by 1) directing attention to the long neglected cerebral 
cortex, 2) stimulating the search for sensory pathways to 
the cortex, 3) initiating the sys tematic study of cortical 
cytoarchitectonics and myelo architectonics, and 4) encour-
aging the study of the effects of cortical lesions in humans 
and animals. The emphasis on skull morphology was 
quickly dropped in the scientific community although it 
continued in popular culture; it is about all that is still 
remembered of phrenology today (Gross 1998, 2009; 
Cooter 1984; Young 1970).

As strange as it may seem to the modern sensibility, 
phrenology, and Owenism, were very closely allied. This 
was particularly true in Britain where the leading 

phrenologist was George Combe. For both Combe and 
Owen (and Gall), individuals were morally accountable 
and, through education and environment, could improve 
their mental and moral faculties (Cooter 1984). Both pro-
vided to the thinking artisan and mechanic the goal of 
individual and social improvement and methods for 
achieving this goal.

As a teenager Wallace had read Combe’s Constitution 
of Man (1828) and was convinced of the validity of phre-
nology, even citing his own supposed “double-blind” 
phreno-mesmerism experiments in its support (Wallace 
1905). Later, he interpreted Ferrier’s (1876) pioneering 
demonstration of complex behavior produced by electri-
cal stimulation of the brain as a direct confirmation of 
phrenology (Wallace 1898), just as Broca described his 
demonstration of language function in the frontal lobe as 
confirming Gall (Gross 2009). In his 1898 work, The 
Wonderful Century, Wallace listed the neglect of phrenol-
ogy as the leading failure of the 19th century. Wallace’s 
interest in phrenology directed his measurement of brain 
size in different peoples and his belief that the size of the 
brains, and therefore the intellectual faculties of “savages,” 
were equal to that of Englishmen, both germane to his 
differences with Darwin over evolution.

Perhaps Wallace’s ready acceptance of phrenology 
should not be surprising. Gall’s theory was based on a 
naturalistic collection of anecdotes. Similarly, Wallace’s 
theory of natural selection (and, at least initially, Darwin’s) 
was based on a large number of observations and anec-
dotes. Eventually, of course, Darwin (but not Wallace) 
added the results of experiments in selective breeding, 
whereas Gall always rejected experimental tests of his 
ideas. Punctate localization of function in the brain, first 
promoted by the phrenologists, was actually delayed by 
the experiments of J. P. Flourens, who concluded from 
his brain lesion experiments on pigeons that the cerebral 
hemispheres acted as a whole (Gross 1998).

Mesmerism was another example of “dissenting knowl-
edge” (Cooter 1984). F. A. Mesmer was an Austrian phy-
sician who thought he could treat his ailing patients by 
passing a metal bar over them. He thought a magnetic 
type of energy passed from the metal to the patient. Even-
tually, he realized that the metal was not necessary and he 
spoke of “animal magnetism.” By the 1840s animal mag-
netism was being used by surgeons to carry out painless 
major surgery and became a widespread form of what we 
would now call “alternative medicine.” James Braid sub-
stituted the term hypnosis and the idea of some magnetic 
fluid passing between the doctor and patient fell away 
(Alexander and Selesnick 1966). After his conversion to 
spiritualism, Wallace repeatedly used hypnotism as an 
example of a phenomenon long ridiculed and ignored by 
the highest scientific authorities that was eventually 
proved valid. It was a case of “. . . facts long denied as 
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delusions or exaggerations admitted to be realities” 
(Wallace 1898).

Wallace’s life experiences before his speculations 
on the origin of species were radically different from 
Darwin’s. Leaving school as a teenager, Wallace worked 
for six years as an apprentice surveyor with his older 
brother, mostly in Wales (Wallace 1905). Parliament 
had just passed the “Tithe Commutation Act,” which 
substituted rent for traditional tithes. It was a boon to 
surveyors, as it required detailed surveying of each 
property field by field. It was also a disaster for the 
Welsh peasantry leading to widespread rioting and 
property destruction, particularly of tollgates, a symbol 
of another hated tax. The peasant rebels called them-
selves “Rebeccas” after the biblical Rebecca (Genesis 
24:60) whose “seed” was “to possess the gate of those 
that hate them” (Moore 1997). Wallace called the new 
act “legalized robbery of the poor for the aggrandize-
ment of the rich” (Wallace 1905):

The Rebecca disturbances show that [the Welsh 
peasant] may be roused, and his ignorance of other 
effectual measures should be his excuse for the ille-
gal and forcible means he took to obtain redress . . . . 
It is to be hoped that he will not have to again to 
resort to such outrages as the only way to compel 
his rulers to do him justice (Wallace 1905).

Wallace left the turmoil of Wales to spend a year 
teaching in Leicester before going abroad with the fellow 
autodictat and naturalist Henry Bates to try to earn a 
living as a collector of plants and animals for wealthy 
patrons. In this period he read Malthus’s 1798 Essay on 
Population (Wallace 1905), which argued that the growth 
of human population would outstrip the resources to feed 
it. As Moore (1997) put it, on every page of Malthus 
were the “paltry provisions, the filth and squalor, the 
rude agriculture, the ignorance, the violence” that Wallace 
had seen in Wales. Just as Malthus confirmed what Wallace 
had seen in Wales, it became the way he soon would see 
the natural world. In addition, the economic mapping he 
did in Wales probably facilitated his subsequent major 
biogeographical contributions. It also later helped turn 
Wallace into an activist for land reform, indeed for land 
nationalization.

For the rest of his life, even after his scientific recogni-
tion, Wallace had difficulty getting a decent job with 
resultant chronic financial difficulties. These were finally 
alleviated in 1881 by Darwin and his friends arranging 
for a government pension of £200 a year. This may have 
been adequate for his needs but was a very small fraction 
of the size of Darwin’s income (Browne 2002; Desmond 
and Moore 1994).

Charles Darwin, by contrast, came from a very wealthy 
family, and he enhanced this wealth by judicious and var-
ied investments throughout his adult life (Browne 2002). 
He received about the best education available in his 
time, first in the politically and scientifically radical 
world of medical school in Edinburgh, then among the 
gentleman naturalist/professors at Cambridge and finally 
in the London free-thinking bohemian world of his 
brother. He literally never had to hold a paid job of any 
kind (Desmond and Moore 1994; Browne 1995, 2002). 
Whereas both Darwin and Wallace were very heavily 
influenced and informed by their Pacific voyages, their 
actual experiences on them were quite different. Darwin 
was a gentleman naturalist aboard the Beagle with no 
duties at all except to be a companion for his Captain 
Fitzroy, which, because of strong differences over slav-
ery, politics, and religion, he eventually failed at. He 
largely saw natives from the deck of the Beagle or on an 
occasional overland foray. These experiences reinforced 
his Victorian belief in the superiority of the white man as 
well as his abhorrence of slavery.

Wallace’s experiences abroad were quite different 
(Eisely 1961). He lived among various Pacific islanders, 
often as the sole white man, and was carried from island 
to island in their primitive praus (Wallace 1869b). Figure 1 
shows Wallace at this period, and Figure 2 presents a 
replica of the boat he sailed on. From these experiences, 
he had no doubt that the islander’s cognitive skills were 
equal to that of the average Englishman.

Many other illustrations of both intelligence and 
morality are met with among savage races in all 
parts of the world; and these, taken together show a 
substantial identity of human character, both moral 
and emotional, with no marked superiority in any 
race or country. In intellect, where the greatest 
advance is supposed to have occurred this may be 
wholly due to the cumulative effect of successive 
acquisitions of knowledge handed down from age 
to age (Wallace 1913).

The differences between the background and experi-
ences of Wallace and Darwin contributed to many of 
their differences on evolution. This article concentrates 
on their differences on the evolution of human cognitive 
functions and on the role of instinct.

The Evolution of Human  
Cognitive Function
Before the publication of the Origin of Species in 1859, 
Darwin had considered the evolution of the human mind 
in various notebooks and letters. He came to believe that 
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the final chapter: “In the future . . . much light will be 
thrown on the origin of man and his history.” By contrast, 
in 1864, Wallace charged in with a paper in the Anthro-
pological Review on “The Origin of Human Races and 
the Antiquity of Man Deduced from the Theory of Natu-
ral Selection,” which provided an explanation of the 
evolution of the human body and mind by natural selec-
tion. Darwin loved it, writing to Hooker on May 22, 1864,

I have now read Wallace’s paper on Man, & think it 
most striking & original & forcible . . . I am not 
sure that I fully agree with his views about man; but 
there is no doubt, in my opinion, on the remarkable 
genius shown by the paper.—I agree, however, to 
the main new leading idea . . . (Darwin 1864).

The “leading idea” was that in the early stages of human 
evolution, natural selection had acted on both the body 
and the mind, but that later, natural selection operated on 
the mind alone. Wallace thought that once natural selection 
resulted in reason and moral and social sentiments; 
selective pressure would no longer act on their bodies but 
would increasingly make their brains/minds the basis of 
survival.

At length, however, there came into existence a 
being in whom that subtle force we term mind, 
became of greater importance than his mere bodily 
structure. Though with a naked and unprotected 
body, this gave him clothing against the varying 
inclemency’s of the seasons. Though unable to 
compete with the deer in swiftness, or with the wild 
bull in strength, this gave him weapons with which 
to capture or overcome both . . . . From the moment 
when the first skin was used as covering, when the 
first rude spear was formed to assist in the chase, 
the first seed sown or shoot planted, a grand revo-
lution was in effect in nature. . . for a being had 
arisen that was no longer necessarily subject to 
change with a changing universe . . . (Wallace 1864).

Then five years later, in a review of two of Lyell’s 
geology books, Wallace (1869a) again took up the 
problem of the evolution of the human mind. Darwin had 
some advance information about the review and wrote 
Wallace about it on March 27, 1869, “I hope you have 
not murdered too completely your own and my child” 
(Marchant 1916). In this review, Wallace completely 
reversed himself and emphatically rejected the idea that 
natural selection had any role at all in the origins of 
human cognition and brain function. Reading it caused 
Darwin to “groan” (in a letter to Wallace on January 26, 
1870, in Marchant 1916).

Figure 1. Wallace at the age of 39 in 1862 in Singapore 
(Marchant 1916).

Figure 2. A replica of the prau (or perahu) that Wallace 
sailed around the Spice Islands in the Malay Archipelago. In it 
Tom Severin retraced Wallace’s route (Severin 1999).

it could be fully accounted for by natural selection 
(Richards 1987). However, he carefully avoided this 
issue in the Origin except for this tease near the end of 
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Curiously, a major determinant of his rejection of a 
natural selection origin of human cognitive faculties 
seems to have been the time he spent among natives of 
the Pacific islands. He perceived their cognitive abilities 
and moral status to be equal that of his fellow English-
men. As Gould (1980) put it:

Wallace advanced several arguments for the unique-
ness of human intellect, but his central claim begins 
with an extremely uncommon position for his time, 
one that commands our highest praise in retrospect. 
Wallace was one of the few nonracists of the nine-
teenth century. He really believed that all human 
groups had innately equal capacities of intellect.

But, from Wallace’s strict adaptationist view, how 
could the abilities of “natives” in, say, math or music have 
arisen inasmuch as there could have been no selective 
pressure for such faculties in their environment (he 
thought)?

In the brain of the lowest savages, and, as far as we 
yet know, of the pre-historic races, we have an 
organ so little inferior in size and complexity to that 
of the highest types (such as the average European), 
that we must believe it capable, under a similar pro-
cess of gradual development during the space of 
two or three thousand years, of producing equal 
average results. But the mental requirements of the 
lowest savages, such as the Australians or the 
Andaman islanders, are very little above those of 
many animals. The higher moral faculties and those 
of pure intellect and refined emotion are useless to 
them, are rarely if ever manifested, and have no 
relation to their wants, desires, or well-being. How, 
then, was an organ developed so far beyond the 
needs of its possessor? Natural selection could only 
have endowed the savage with a brain a little supe-
rior to that of an ape, whereas he actually possesses 
one but very little inferior to that of the average 
members of our learned societies (Wallace 1869a).

As a believer in phrenology, Wallace stressed the 
importance of brain size as reflecting the development 
and power of the intellectual, emotional, and moral 
faculties. The fact that the brain of the savage was about 
the same size as that of an Englishman (Wallace 1869b, 
1870a) was a powerful argument against its origin by 
natural selection. Another phrenological contribution to 
Wallace’s excluding the human brain from natural 
selection was the view of the leading English phrenologist 
George Combe that the human brain contained faculties 
not found in the animal brain, namely, veneration firmness, 

conscientiousness, hope, wonder, ideality, wit, and imitation 
(Turner 1974).

In a letter to Lyell, Wallace expanded on the views he 
first put forward in his review:

If in his mental faculties—calculation of numbers, 
ideas of symmetry, of justice, of abstract reasoning, 
of the infinite, of a future state,—and many others 
can not be shown to be each and all useful to man 
in the very lowest state of civilization, how are we 
to explain their coexistence in him alone of the 
whole series or organized beings? Years ago I saw 
a Bushman boy and girl in London and the girl 
played very nicely on the piano. Blind Tom the 
idiot Negro had a “musical ear” or brain, superior 
perhaps to that of any living man. Unless Darwin 
can show me how this rudimentary or latent musi-
cal ability in the lowest races can have been devel-
oped by survival of the fittest—can have been of 
use to the individual or the race so as to cause those 
who possessed it in a fractional greater degree than 
others to win in the struggle for life, I must believe 
that some other power caused that development,—
and so on with every other especially human char-
acteristic (Richards 1987).

As he discussed in more detail in a paper the following 
year Wallace was quite certain about the “some other 
power.” It was “a superior intelligence [that] has guided 
the development of man in definite direction, and for a 
special purpose, just as man guides the development of 
many animal and vegetable forms” (Wallace 1870a).

Spiritualism. Wallace’s belief that a superior intelli-
gence had guided human evolution reflected a conver-
sion to spiritualism between the 1864 paper and the 1869 
one. For Wallace, spiritualism was the belief that com-
munication with the dead through mediums at séances 
was possible. He believed in a full range of psychic phe-
nomenon such as levitation, clairvoyance, slate wiring, 
table tapping, and Ouija boards (Fig. 3). The underlying 
theory was that:

Man is a duality, consisting of an organized spiri-
tual form evolved coincidentally with and permeat-
ing the physical body . . . . Death is the separation 
of this duality . . . . Spirits can communicate through 
properly endowed mediums . . . . This leads to a 
pure system of morality far more powerful and 
effective than any which either religious systems of 
philosophy have put forth (Wallace 1875).

Although Wallace attended his first séances in 1865, 
he had long fully accepted two other apparently psychic 
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phenomena, mesmerism (what we would call hypnotism) 
and phreno-mesmerism. In the latter, touching the phreno-
logical location of a faculty elicited corresponding behavior 
or emotion. While teaching at Leicester in 1844, Wallace 
had seen a demonstration of mesmerism and then succ-
essfully tried it on some of his students. Being familiar 
with Combe on phrenology, he then tried phreno-
mesmerism. Wallace randomly touched part of a subject’s 
skull and elicited corresponding behavior. For example 
when, without looking, he touched (by chance) the organ 
of veneration, the mesmerized subject dropped to his 
knees in prayer (Wallace 1905).

Wallace successfully practiced mesmerism on both his 
Lancaster students and South American Indians (Wallace 
1905), and both in the Amazon and in Malaysia he was inti-
mate with cultures in which psychic forces were ubiquitous.

Modern Western spiritualism began in New York 
around 1848 and quickly spread to England (Barrow 
1986). Wallace first heard of it when abroad:

. . . being aware, from my own knowledge of mes-
merism, that there were mysteries connected with 
the human mind which modern science ignored 
because it could not explain, I was determined to 
seize the first opportunity to examine into these 
matters (Wallace 1875).

Wallace began attending séances in 1865 and reading 
the growing spiritualist literature. He was completely 
convinced of the medium’s ability to communicate with 
the dead. He remained convinced through many séances 
for the rest of his life although virtually all the mediums 
had been eventually exposed as fakes. It should be str-
essed that some other Victorian scientists and intellectuals 
were equally seduced. However, Wallace made no pro-
gress in convincing his scientist friends such as Darwin, 
Huxley, G. H. Lewes (George Eliot’s consort), and Lyell. 
He repeatedly urged them to attend séances and circulated 
hundreds of preprints of his article supporting spiritualism 
titled “The Scientific Aspect of the Supernatural” 
(Wallace 1866). Perhaps it was this failure to convince 
his scientific colleagues that led him to say so little about 
spiritualism in his 1869 article (Oppenheim 1985; Kottler 
1974). Later, particularly after Darwin died, Wallace was 
prolific in his writing defending spiritualism (e.g., Wallace 
1898; Moore 2008).

Wallace, like many other working class intellectuals, 
had been attracted to phrenology and mesmerism because 
of their message of self-help and optimism. Spiritualism 
had a similar appeal to Wallace. He believed that the 
postdeath status of the surviving spirit depended on the 
intellectual and moral development during the biological 
lifetime, which was “a function of the degree of willful 

Figure 3. A “spirit” photograph of Wallace and, supposedly, his 
deceased mother. Wallace (1875) described its circumstances 
and validity: “On March 14th, 1874 I went to Hudson’s [a 
photography studio], by appointment, for the first and only 
time by Mrs. Guppy as medium [formerly Miss Nichols, later 
Mrs. Volkman, a famous medium especially for her flower and 
fruit apparitions]. I expected that if I got any spirit pictures it 
would be that of my elder brother, in whose name messages 
had frequently been received through Mrs. Guppy. Before going 
to Hudson’s I sat with Mrs. G., and had commutations by taps 
to the effect that my mother would appear on the plate if she 
could. I sat three times, always choosing my own position. Each 
time a second figure appeared on the negative with  
me . . . . I recognized none of these figures in the negatives; 
but the moment I got the proofs, the first glance showed 
me that the third plate contained an unmistakable portrait 
of my mother—like her both in features and expression . . . 
a somewhat pensive, idealized likeness—yet still, to me, an 
unmistakable likeness . . . I see no escape from the conclusion 
that some spiritual being, acquainted with my mother’s 
various aspects during life, produced these recognizable 
impressions on the plate. That she still lives and produced 
these figures may not be proved; but it is a more safe and 
natural explanation to think that she did so, than to suppose 
we are surrounded by beings who carry out an elaborate 
series of impostures for no other purpose that to dupe us into 
a belief in a continued existence after death . . . [Wallace sent a 
copy of the photograph to his brother and sister-in-law who 
exclaim] ‘. . . Why, it’s your mother!’. . . Neither my brother nor 
his wife knew any thing of Spiritualism, and both are prejudiced 
against it. We may therefore accept their testimony as to the 
resemblance to my mother . . . as conclusive.”
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rejection of materialistic, self-centered goals and the 
adoption of an explorative, non-pre-judging, and socially-
consc ious attitude” (Smith 2008).

. . . our condition and happiness in the future life 
depends, by the action of strictly natural law, on our 
life and conduct here. There is no reward or punish-
ment meted out to us by superior beings; but, just 
as surely as cleanliness and exercise and whole-
some food produce health of body, so surely does a 
moral life here produce health and happiness in the 
spirit-world . . .” (Wallace 1900).

Wallace saw no conflict between spiritualism and 
natural science. Spiritualism, he thought, should be inves-
tigated like any other natural phenomena. He saw them as 
“mutually supportive elements in a grander scheme of 
things.” Spiritualism was needed to explain natural 
phenomena that natural selection could not, such as 
human cognition and morality (Wallace 1875).

Darwin Answers Wallace on  
the Origins of Human Cognition
Darwin’s response to Wallace was in the form of two 
books, his most important after the Origin, namely, The 
Descent of Man and Selection in Relation to Sex (1871) 
and Expression of the Emotions in Man and Animals 
(1872). Both books stress the continuity between the 
mind and behavior of animals and that of humans and the 
plausibility of the evolution of human cognition from 
animals. They led directly to the systematic study of ani-
mal behavior first by Romanes (1882) and C. Lloyd 
Morgan (1890) and eventually to both ethology and 
behaviorism (Glickman 1985; 2009; Boakes 1984).

The Role of Instinct
One subject on which Wallace and Darwin’s sociopolitical 
differences seem to have strongly influenced their scientific 
views was in the role of instinct in behavior. A fundamental 
tenet of Owenite socialism was the educability of humans. 
Human nature was believed to be largely environmentally 
determined and this plasticity was viewed as underlying 
social, economic, and political improvement (Jones 2002; 
Owen 1816[1816]; Claeys 2008; Pollard and Salt 1971). 
As Owen put it “Experience has proved that Man has 
always been the creature of circumstances in which he has 
been placed and that it is the character of these circum-
stances which inevitably make him ignorant or intelligent, 
vicious or virtuous, wretched or happy” (Jones 2002).

These Owenite views led Wallace to a very different 
view from Darwin on the role of learning and instinct in 

behavior. Wallace consistently questioned and devalued 
the role of instinct or inheritance in favor of learning and 
experience. In his Malay Notebook (Wallace 1855–1859) 
are his earliest comments on instinct:

“[Instinct is] the performance of a complicated act 
absolutely without previous instruction or knowl-
edge of it. Thus it is said and repeated that birds and 
insects build nests, gather & store food . . . without 
any instruction . . . & without knowing that such 
acts have been performed by others. This, however 
is assumed. It has never been tried. Birds reared 
from the egg in confinement have not been shown 
to make the same nest as their fellows . . . . Can a 
single case be shown of an animal performing any 
complex act no part of which has ever been seen 
performed? Or without having seen the result.”

Wallace then proposes to bring up a bird from the egg 
in an isolated environment and predicts, “I say under 
such circumstances it will not build a nest having the true 
characteristics of that of its species” (Jones 2002).

Wallace writes to Nature in 1873, arguing against the 
idea that dogs have a homing instinct, and suggests, 
rather, that in route finding they use their senses, intelli-
gence, and memory just as humans do (Wallace 1873b, 
1873c). Wallace was equally opposed to the invocation of 
any homing instinct in humans. He noted that Europeans 
were often astounded at the “homing instinct” of Malay 
natives and then pointed out that if you placed these indi-
viduals in a new environment, they could not make their 
way. “Their instinct will not act out of their own country” 
(Wallace 1855–1859).

More generally, Wallace opposed almost any instincts 
in humans. “Does man have instincts? No. He may per-
form some simple operations with teaching but never 
compound [ones]” (Wallace 1855–1859). Even infant 
sucking was rejected as an instinct:

As to the mere act of sucking, which has been said 
to be instinctive—it is on the contrary involuntary 
at least if breathing is so, for breathing is but suck-
ing in air (Wallace 1855–1859).

We have a few of Wallace’s direct comments on 
Darwin’s views on instinct. On the way home from his 
Malay trip he received a copy of the Origin of Species. 
Here are some of the comments on instinct that he wrote 
in the margins (Beddall 1988):

On instinctive changes of habit or Instinct in 
domesticated animals: Darwin: “. . . It cannot be 
doubted that young pointers (I have myself seen a 
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striking instance) will sometimes point and even 
back other dogs the very first time that they are 
taken out. . . .”

Wallace: “Have they not learnt at home?”

Darwin: “Domestic instincts are sometimes spoken 
of as actions which have become inherited solely 
from long-continued and compulsory habit, but this, 
I think, is not true. No one would ever have thought 
of teaching, or probably could have taught, the 
tumbler-pigeon to tumble,—an action, which, as I 
have witnessed, is performed by young birds, that 
have never seen a pigeon tumble.”

Wallace: “Is not this & all other such habits the 
result of some slight peculiarity of organization 
which makes ‘tumbling’ agreeable to the animals.”

On cell making instinct of the hive bee:

Darwin: “We hear from mathematicians that bees 
have practically solved a recondite problem, and 
have made their cells of the proper shape to hold 
the greatest possible amount of honey, with the 
least possible consumption of precious wax in their 
construction.”

Wallace: “What is this but rational building?”

In 1873, Wallace gave Darwin’s The Expression of the 
Emotions in Man and Animals a generally favorable 
review but objected to his explanation of his six-month-
old child being distressed by seeing his nurse cry. Darwin 
suggested that the child’s upset was because “an innate 
feeling must have told him that the pretended crying of 
his nurse expressed grief; and this through the instinct of 
sympathy, excited grief in him.” Wallace opined instead 
that “the nurse’s attitude and expression were strange to 
the child; they made her look unlike herself, and the child 
got afraid and was about to cry . . . . A child at the age 
often cries at anything strange . . . . That seemed to me a 
better explanation than that the child had an innate 
knowledge that the nurse was grieved” (Wallace 1873a).

Wallace (1897) discussed instinct in some detail in his 
essay-review of C. Lloyd Morgan’s Habit and Instinct, 
1896. Darwin had charged George Romanes to collect 
data in support of Darwin’s belief in the mental continu-
ity of humans and other animals. In turn, this mantle was 
handed to Morgan. Morgan was rather more critical of 
anecdotal evidence for complex cognitive function in 
animals than Romanes (or Darwin) and proclaimed what 
became known as Morgan’s canon: “In no case may we 

interpret the outcome of the exercise of a higher psychi-
cal faculty, if it can be interpreted as the outcome of the 
exercise of one which stands lower in the psychological 
scale.” He was also more interested in the role of learning 
in animal behavior than Romanes had been.

Wallace is enthusiastic about Morgan’s book because 
it agrees with his overall view that ideas, knowledge, and 
understanding are not inherited. For example, Douglas 
Spalding had claimed that chicks showed instinctive fear 
of stinging insects implying intuitive knowledge of dan-
ger. But Morgan shows that they have no fear of bees as 
bees but only of large moving insects. Likewise they 
don’t recognize water until they happened to drink it and 
they don’t specifically fear hawks flying overhead but 
rather any strange sight or sound. He suggests they learn 
what is really dangerous either through the action of their 
parents or their own experiences. Wallace (1897) sum-
marizes these observations and experiments as follows:

“But though young birds and mammals do not pos-
sess instincts which enable them to discriminate 
between objects that may be useful and those that 
may be hurtful to them, they often posses [sic] the 
most wonderful acuteness of the senses and powers 
of co-coordinated muscular action, which enable 
them rapidly to acquire the knowledge that is essen-
tial to them.”

In his essay “On instinct in man and animals” in 
Natural Selection and Tropical Nature (1891), Wallace 
discusses examples of human behavior often termed 
instinctive and offers an alternative explanation to instinct 
for them. One example is suckling. He rejects the saying 
that the infant “seeks the breast” noting that every nurse 
and medical man agree with him. Although the infant 
sucks without teaching it is a simple act depending on 
what Wallace calls “organization.” Any object of suitable 
size in the mouth of an infant excites the nerves and 
muscles so as to produce the act of sucking and when at 
a little time later the will comes into play, the pleasurable 
sensations consequent in the act lead to its continuance.

Similarly, walking is evidently dependent on the arrange-
ment of the bones and joints, their organization, and the 
pleasurable exertion of the muscles, which leads to the 
vertical position becoming gradually the most agreeable 
one.

Wallace’s most detailed discussion of specific behav-
iors, usually termed instinctive, is in his essay “The phi-
losophy of birds nests” in Natural Selection and Tropical 
Nature (1891). In this essay he challenges the claims that 
birds built nests by instinct, whereas humans build houses 
by reason. He explains the fact that different species of 
birds build very different nests by the facts that they live 
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in different environments, have access to different build-
ing materials, eat different food, are equipped with dif-
ferent motor apparatus and abilities, are of different sizes 
and structures, use different tools (beak and legs), have 
different habits and different predators. Wallace then claims 
that the species-specific nests that birds make are because 
they learn to make them from their parents not by instinct:

“Birds brought up from the egg in cages do not 
make the characteristic nest of their species, even 
though the proper materials are supplied them, and 
often make not nests at all, but crudely heap together 
a quantity of materials . . .” Further support for the 
role of learning is that “the less perfect nests are 
built by the younger, the more perfect by the elder, 
birds.”

In this essay, Wallace cites a number of studies that 
concluded that bird song is due to learning not instinct. 
For example, Barrington in 1773, on the basis of a variety 
of rearing and cross rearing experiments, concluded that 
“notes [songs] of birds are no more innate than language 
in man and depend entirely on the master under which 
they are bred as far as their organs will enable them to 
imitate the sounds which they have frequent opportunities 
of hearing.”

When faced with good evidence that swallows fly 
well and avoid obstacles on the first attempt, that new 
born pigs ran to the sound of their mother, and that most 
young animals show fear at the voice or presence of their 
enemies, Wallace says:

“In all these cases we have comparatively simple 
motions or acts induced by feelings of liking or dis-
liking; and we can see that they may be due to defi-
nite nervous and muscular co-ordinations which 
are essential to the species” (Wallace 1891).

But not instincts.

“If instincts mean anything. It means the capacity 
to perform some complex act without teaching or 
experience. It implies not only innate ideas but 
innate knowledge of very definite kind. And, if 
established would overthrow Mr. Mill’s sensation-
alism and all the modern philosophy of experience. 
That the existence of true instinct may be estab-
lished in other cases is not impossible; but in the 
particular instance of bird’s nests which is usually 
considered its stronghold, I cannot find a particle of 
evidence of anything beyond those lower reasons 
in and imitative powers which animals are univer-
sally admitted to possess” (Wallace 1891).

In general, in rejecting instinct as an explanation of 
behavior, Wallace was rejecting innate ideas and knowl-
edge. But he was often willing to accept what he termed 
“organization” of the nervous system and musculature to 
explain complex behavior arising without obvious 
experience.

Darwin’s treatment of instinct was quite different. He 
shows no skepticism of accounts of the most elaborate 
instincts, such as the ones Wallace dismissed, for exam-
ple, route finding by birds and humans, innate fear, and 
complex nest building. Rather, Darwin was solely con-
cerned in arguing how they could be accounted for by 
natural selection as in this conclusion from his chapter 
on instinct originally intended for his abandoned “Big 
Book” on the origin of species and then posthumously 
published as an appendix to Romanes’s Mental Evolu-
tion in Animals (1883):

“We have in this chapter chiefly considered the 
instincts of animals under the point of view 
whether it is possible that they could have been 
acquired through the means indicated on our the-
ory, or whether, even if the simpler ones could 
have been thus acquired, others are so complex 
and wonderful that they must have been specially 
endowed, and thus overthrow the theory.”

After considering variation in instinctive behavior, its 
acquisition in successive steps, and the appearance of 
similar instinctive patterns in allied groups, Darwin suggests 
that a common ancestor is the most likely explanation. 
Even the occasional imperfections of instinctive behavior 
are found to fit the theory of natural selection. His final 
sentences illustrate the essential Darwinian position on 
instinctive behavior:

“. . . . it is far more satisfactory to look at the young 
cuckoo ejecting its foster-brothers, ants making 
slaves, the larvæ of the Ichneumidæ feeding within 
the live bodies of their prey, cats playing with mice, 
otters and cormorants with living fish, not as instincts 
specially given by the Creator, but as very small 
parts of one general law leading to the advancement 
of all organic bodies—Multiply, Vary, let the stron-
gest Live and the weakest Die” (Darwin 1883).

Other Differences between  
Wallace and Darwin
In addition to the evolution of human cognition and the 
role of instinct, there were a number of other significant 
differences between Wallace and Darwin on evolution. 
One was the role of sexual selection, which Wallace was 
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opposed to, reflecting his much stricter emphasis on the 
role of adaptation than Darwin (Kottler 1985). An excep-
tion was for human females. Wallace (e.g., 1900, 1913) 
thought that after women had obtained their deserved 
educational, economic, and social equality, the human 
race would improve because now women could and 
would choose superior mates. A second was the explana-
tion for hybrid sterility (Kottler 1985). A third, related 
difference was the greater emphasis on group selection 
than individual by Wallace (Kottler 1985).

In addition to these differences on evolution, the two 
Victorian savants had fundamental differences on many 
social and political issues. Very much unlike Darwin, 
Wallace was an anti-imperialist and ardent socialist, 
indeed an activist on land nationalization (e.g., Wallace 
1892, 1898, 1900). Wallace had significantly fewer racist 
and sexist views than Darwin (e.g., Wallace 1900) and 
Darwin was a complete skeptic about psychic phenom-
ena whereas, as detailed above, Wallace was extraordi-
narily gullible about mediums and their claims. Wallace 
had other iconoclastic views that separated him not only 
from Darwin but also from most Victorian scientists such 
as an opposition to government support of scientific 
research (but not public museums and public education) 
and to smallpox vaccination (because it was “absolutely 
useless” and a “delusion”) (Wallace 1870b, 1898).

Similarities Between 
Wallace and Darwin
This article has stressed differences between Alfred 
Wallace and Charles Darwin in their views of evolution 
and behavior and has suggested some extra-scientific fac-
tors that may have contributed to these differences. In 
closing, we note the amazing phenomenon that, in the 
most important development in the history of biology and 
one of the most important in the history of ideas, they 
came to an essentially identical view of the origin of spe-
cies by natural selection of inherited variations. I now 
briefly consider what may have been so similar in their 
backgrounds that led them to this convergence.

From their youths, they were both driven natural his-
tory collectors and, thus, continually exposed to the vari-
ation between and within species. Second, although from 
such different class backgrounds, they were both exposed 
from an early age to materialist and anticonventional 
Christian views of the universe. Wallace lost any conven-
tional faith through exposure to the ideas of Robert Owen 
and his son Robert Dale Owen and Thomas Paine and to 
phrenology and mesmerism and later spiritualism. Darwin’s 
grandfather and father were both agnostics. In medical 
school in Edinburgh, he hung out with young radicals and 

atheists such as William Browne; a major senior influence 
was the very free-thinking invertebrate zoologist Robert 
Edmond Grant (Desmond and Moore 1994). When he 
returned from the Beagle voyage he not only mixed with 
the scientific elite of London but also with the bohemian 
world of his brother Erasmus and his current girlfriend 
the feminist, abolitionist, free thinker, and prolific author 
Harriet Martineau (Browne 1995; Desmond and Moore 
1994). Third, and perhaps most important, they had both 
read Malthus’s An Essay on the Principle of Population 
as they began to think about the origin of species (Young 
1981). They both saw Malthus all around them in the 
natural world and Wallace had also seen Malthus’s ideas 
demonstrated in the conditions of the benighted Welsh 
peasants. Finally, they were both extraordinary in their 
independence of thought, although Darwin tended to 
keep his more subversive thoughts to himself and a few 
friends whereas Wallace was never shy broadcasting his 
unconventional ideas.

From 1858 until he died in 1913, Wallace saw himself 
as a strong advocate for natural selection and a devoted 
follower of Darwin and what he called “Darwinism.” Yet 
he never seemed to realize, as did Darwin immediately, 
that his belief that a supernatural power was responsible 
for human cognition totally undercut the entire theory of 
the origin of species by natural selection. After all, if this 
power was responsible for the evolution of human cogni-
tion, it could be equally responsible for the rest of evolu-
tion. Ironically, the Intelligent Design movement can and 
does claim Alfred Russel Wallace as their predecessor 
(e.g., Flannery 2008).
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CHAPTER III.

COMPARISON OF THE MENTAL POWERS OF MAN AND THE
LOWER ANIMALS—continued.

The moral sense—Fundamental proposition — The qualities of social
animals — Origin of sociability — Struggle between opposed in-
stincts—Man a social animal—The more enduring social instincts
conquer other less persistent instincts — The social virtues alone
regarded by savages —  The self-regarding virtues acquired at a
later stage of development — The importance of the judgment
of the members of the same community on conduct — Trans-
mission of moral tendencies — Summary.

I FULLY subscribe to the judgment of those writers1

who maintain that of all the differences between man
and the lower animals, the moral sense or conscience
is by far the most important. This sense, as Mack-
intosh2 remarks, " has a rightful supremacy over every
" other principle of human action;" it is summed up
in that short but imperious word ought, so full of high
significance. It is the most noble of all the attributes
of man, leading him without a moment's hesitation
to risk his life for that of a fellow-creature; or after
due deliberation, impelled simply by the deep feeling
of right or duty, to sacrifice it in some great cause.
Immanuel Kant exclaims, " Duty! Wondrous thought,
" that workest neither by fond insinuation, flattery, nor
" by any threat, but merely by holding up thy naked
" law in the soul, and so extorting for thyself always

1 See, for instance, on this subject, Quatrefages, ' Unité de l'Espèce
Humaine,' 1861, p. 21, &c.

2 ' Dissertation on Ethical Philosophy,' 1837, p. 231, &c.
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" reverence, if not always obedience; before whom all
" appetites are dumb, however secretly they rebel;
" whence thy original ?"3

This great question has been discussed by many
writers4 of consummate ability; and my sole excuse
for touching on it is the impossibility of here passing
it over, and because, as far as I know, no one has ap-
proached it exclusively from the side of natural history.
The investigation possesses, also, some independent in-
terest, as an attempt to see how far the study of the
lower animals can throw light on one of the highest
psychical faculties of man.

The following proposition seems to me in a high
degree probable—namely, that any animal whatever,
endowed with well-marked social instincts,5 would inevi-
tably acquire a moral sense or conscience, as soon as

3 ' Metaphysics of Ethics,' translated by J. W. Semple, Edinburgh,
1836, p. 136.

4 Mr. Bain gives a list (' Mental and Moral Science,' 1868, p. 543-
725) of twenty-six British authors who have written on this subject,
and whose names are familiar to every reader; to these, Mr. Bain's own
name, and those of Mr. Lecky, Mr. Shadworth Hodgson, and Sir J.
Lubbock, as well as of others, may be added.

5 Sir B. Brodie, after observing that man is a social animal (' Psy-
chological Enquiries,' 1854, p. 192), asks the pregnant question,
" ought not this to settle the disputed question as to the existence of a
" moral sense?" Similar ideas have probably occurred to many persons,
as they did long ago to Marcus Aurelius. Mr. J. S. Mill speaks, in
his celebrated work, ' Utilitarianism,' (1864, p. 46), of the social feelings
as a "powerful natural sentiment," and as " the natural basis of
" sentiment for utilitarian morality;" but on the previous page he
says, " if, as is my own belief, the moral feelings are not innate, but
" acquired, they are not for that reason less natural." It is with hesita-
tion that I venture to differ from so profound a thinker, but it can
hardly be disputed that the social feelings are instinctive or innate
in the lower animals; and why should they not be so in man?
Mr. Bain (see, for instance, ' The Emotions and the Will,' 1865, p. 481)
and others believe that the moral sense is acquired by each individual
during his lifetime. On the general theory of evolution this is at
least extremely improbable.
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its intellectual powers had become as well developed, or
nearly as well developed, as in man. For, firstly, the-
social instincts lead an animal to take pleasure in
the society of its fellows, to feel a certain amount of
sympathy with them, and to perform various services
for them. The services may be of a definite and evi-
dently instinctive nature; or there may be only a wish
and readiness, as with most of the higher social animals,
to aid their fellows in certain general ways. But these
feelings and services are by no means extended to all
the individuals of the same species, only to those of
the same association. Secondly, as soon as the mental
faculties had become highly developed, images of all
past actions and motives would be incessantly passing
through the brain of each individual; and that feeling
of dissatisfaction which invariably results, as we shall
hereafter see, from any unsatisfied instinct, would arise,
as often as it was perceived that the enduring and
always present social instinct had yielded to some other
instinct, at the time stronger, but neither enduring in
its nature, nor leaving behind it a very vivid impres-
sion. It is clear that many instinctive desires, such as
that of hunger, are in their nature of short duration;
and after being satisfied are not readily or vividly re-
called. Thirdly, after the power of language had been
acquired and the wishes of the members of the same
community could be distinctly expressed, the common
opinion how each member ought to act for the public
good, would naturally become to a large extent the guide
to action. But the social instincts would still give the
impulse to act for the good of the community, this im-
pulse being strengthened, directed, and sometimes even
deflected by public opinion, the power of which rests, as
we shall presently see, on instinctive sympathy. Lastly,
habit in the individual would ultimately play a very
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important part in guiding the conduct of each member;
for the social instincts and impulses, like all other in-
stincts, would be greatly strengthened by habit, as
would obedience to the wishes and judgment of the com-
munity. These several subordinate propositions must
now be discussed; and some of them at considerable
length.

It may be well first to premise that I do not wish to
maintain that any strictly social animal, if its intellec-
tual faculties were to become as active and as highly
developed as in man, would acquire exactly the same
moral sense as ours. In the same manner as various
animals have some sense of beauty, though they admire-
widely different objects, so they might have a sense of
right and wrong, though led by it to follow widely diffe-
rent lines of conduct. If, for instance, to take an ex-
treme case, men were reared under precisely the same-
conditions as hive-bees, there can hardly be a doubt
that our unmarried females would, like the worker-
bees, think it a sacred duty to kill their brothers, and
mothers would strive to kill their fertile daughters;
and no one would think of interfering. Nevertheless
the bee, or any other social animal, would in our sup-
posed case gain, as it appears to me, some feeling of
right and wrong, or a conscience. For each individual
would have an inward sense of possessing certain
stronger or more enduring instincts, and others less
strong or enduring; so that there would often be a
struggle which impulse should be followed; and satis-
faction or dissatisfaction would be felt, as past impres-
sions were compared during their incessant passage
through the mind. In this case an inward monitor
would tell the animal that it would have been better to
have followed the one impulse rather than the other.
The one course ought to have been followed: the one
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would have been right and the other wrong; but to
these terms I shall have to recur.

Sociability.—Animals of many kinds are social; we
find even distinct species living together, as with some
American monkeys, and with the united flocks of rooks,
jackdaws, and starlings. Man shows the same feeling
in his strong love for the dog, which the dog returns
with interest. Every one must have noticed how mise-
rable horses, dogs, sheep, &c. are when separated from
their companions; and what affection at least the two
former kinds show on their reunion. It is curious to
speculate on the feelings of a dog, who will rest peace-
fully for hours in a room with his master or any of the
family, without the least notice being taken of him; but
if left for a short time by himself, barks or howls dis-
mally. We will confine our attention to the higher
social animals, excluding insects, although these aid
each other in many important ways. The most common
service which the higher animals perform for each other,
is the warning each other of danger by means of the
united senses of all. Every sportsman knows, as Dr.
Jaeger remarks,6 how difficult it is to approach animals
in a herd or troop. Wild horses and cattle do not, I
believe, make any danger-signal; but the attitude of
any one who first discovers an enemy, warns the others.
Rabbits stamp loudly on the ground with their hind-feet
as a signal: sheep and chamois do the same, but with
their fore-feet, uttering likewise a whistle. Many birds
and some mammals post sentinels, which in the case of
seals are said7 generally to be the females. The leader
of a troop of monkeys acts as the sentinel, and utters
cries expressive both of danger and of safety.8 Social

6 ' Die Darwin'sche Theorie,' s. 101.
7 Mr. R. Browne in ' Proc. Zoolog. Soc.' 1868, p. 409.
8 Brehm,' Thierleben,' B. i. 1864, s. 52, 79. For the case of the
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animals perform many little services for each other:
horses nibble, and cows lick each other, on any spot
which itches: monkeys search for each other's external
parasites; and Brehm states that after a troop of the
Cercopithecus griseo-viridis has rushed through a thorny
brake, each monkey stretches itself on a branch, and
another monkey sitting by " conscientiously" examines
its fur and extracts every thorn or burr.

Animals also render more important services to each
other: thus wolves and some other beasts of prey hunt
in packs, and aid each other in attacking their victims.
Pelicans fish in concert. The Hamadryas baboons turn
over stones to find insects, &c.; and when they come to
a large one, as many as can stand round, turn it over
together and share the booty. Social animals mutually
defend each other. The males of some ruminants come
to the front when there is danger and defend the herd
with their horns. I shall also in a future chapter give
cases of two young wild bulls attacking an old one in
concert, and of two stallions together trying to drive
away a third stallion from a troop of mares. Brehm
encountered in Abyssinia a great troop of baboons which
were crossing a valley: some had already ascended the
opposite mountain, and some were still in the valley:
the latter were attacked by the dogs, but the old males
immediately hurried down from the rocks, and with
mouths widely opened roared so fearfully, that the dogs
precipitately retreated. They were again encouraged
to the attack; but by this time all the baboons had re-
ascended the heights, excepting a young one, about six

monkeys extracting thorns from each other, see s. 54. With respect to
the Hamadryas turning over stones, the fact is given (s. 76) on the
evidence of Alvarez, whose observations Brehm thinks quite trust-
worthy. For the cases of the old male baboons attacking the dogs, see
s. 79; and with respect to the eagle, s. 56.
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months old, who, loudly calling for aid, climbed on a
block of rock and was surrounded. Now one of the
largest males, a true hero, came down again from the
mountain, slowly went to the young one, coaxed him,
and triumphantly led him away—the dogs being too
much astonished to make an attack. I cannot resist
giving another scene which was witnessed by this same
naturalist; an eagle seized a young Cercopithecus,
which, by clinging to a branch, was not at once carried
off; it cried loudly for assistance, upon which the other
members of the troop with much uproar rushed to the
rescue, surrounded the eagle, and pulled out so many
feathers, that he no longer thought of his prey, but only
how to escape. This eagle, as Brehm remarks, assuredly
would never again attack a monkey in a troop.

It is certain that associated animals have a feeling of
love for each other which is not felt by adult and non-
social animals. How far in most cases they actually
sympathise with each other's pains and pleasures is
more doubtful, especially with respect to the latter.
Mr. Buxton, however, who had excellent means of
observation,9 states that his macaws, which lived free in
Norfolk, took " an extravagant interest" in a pair
with a nest, and whenever the female left it, she was
surrounded by a troop " screaming horrible accla-
" mations in her honour." It is often difficult to judge
whether animals have any feeling for each other's
sufferings. Who can say what cows feel, when they
surround and stare intently on a dying or dead
companion? That animals sometimes are far from
feeling any sympathy is too certain; for they will expel
a wounded animal from the herd, or gore or worry
it to death. This is almost the blackest fact in natural

9 ' Annals and Mag. of Nat, Hist.' November, 1868, p. 382.
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history, unless indeed the explanation which has been
suggested is true, that their instinct or reason leads them
to expel an injured companion, lest beasts of prey,
including man, should be tempted to follow the troop.
In this case their conduct is not much worse than that
of the North American Indians who leave their feeble
comrades to perish on the plains, or the Feegeans, who,
when their parents get old or fall ill, bury them alive.10

Many animals, however, certainly sympathise with
each other's distress or danger. This is the case even
with birds; Capt. Stansbury11 found on a salt lake in
Utah an old and completely blind pelican, which was
very fat, and must have been long and well fed by his
companions. Mr. Blyth, as he informs me, saw Indian
crows feeding two or three of their companions which
were blind; and I have heard of an analogous case
with the domestic cock. We may, if we choose, call
these actions instinctive; but such cases are much too
rare for the development of any special instinct.12 I
have myself seen a dog, who never passed a great
friend of his, a cat which lay sick in a basket, with-
out giving her a few licks with his tongue, the surest
sign of kind feeling in a dog.

It must be called sympathy that leads a courageous
dog to fly at any one who strikes his master, as he
certainly will. I saw a person pretending to beat a
lady who had a very timid little dog on her lap, and
the trial had never before been made. The little crea-

10 Sir J. Lubbock,' Prehistoric Times,' 2nd edit, p. 446.
11 As quoted by Mr. L. H. Morgan, ' The American Beaver,' 1868,

p. 272. Capt. Stansbury also gives an interesting account of the man-
ner in which a very young pelican, carried away by a strong stream,
was guided and encouraged in its attempts to reach the shore by half a
dozen old birds.

12 As Mr. Bain states, " effective aid to a sufferer springs from sym-
" pathy proper:" ' Mental and Moral Science,' 1868, p. 245.
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ture instantly jumped away, but after the pretended
beating was over, it was really pathetic to see how per-
severingly he tried to lick his mistress' sface and com-
fort her. Brehm13 states that when a baboon in con-
finement was pursued to be punished, the others tried
to protect him. It must have been sympathy in the
cases above given which led the baboons and Cercopi-
theci to defend their young comrades from the dogs
and the eagle. I will give only one other instance of
sympathetic and heroic conduct in a little American
monkey. Several years ago a keeper at the Zoological
Gardens, showed me some deep and scarcely healed
wounds on the nape of his neck, inflicted on him whilst
kneeling on the floor by a fierce baboon. The little
American monkey, who was a warm friend of this-
keeper, lived in the same large compartment, and was
dreadfully afraid of the great baboon. Nevertheless, as
soon as he saw his friend the keeper in peril, he rushed
to the rescue, and by screams and bites so distracted the
baboon that the man was able to escape, after running
great risk, as the surgeon who attended him thought,
of his life.

Besides love and sympathy, animals exhibit other
qualities which in us would be called moral; and I agree
with Agassiz14 that dogs possess something very like a
conscience. They certainly possess some power of self-
command, and this does not appear to be wholly the
result of fear. As Braubach15 remarks, a dog will
refrain from stealing food in the absence of his master.
Dogs have long been accepted as the very type of
fidelity and obedience. All animals living in a body
which defend each other or attack their enemies

13 ' Thierleben,' B. i. s. 85.
14 ' De l'Espèce et de la Class.' 1869, p. 97.
15 ' Der Darwin'schen Art-Lehre,' 1869, s. 54.
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in concert, must be in some degree faithful to each
other; and those that follow a leader must be in
some degree obedient. When the baboons in Abys-
sinia16 plunder a garden, they silently follow their
leader; and if an imprudent young animal makes a
noise, he receives a slap from the others to teach him
silence and obedience; but as soon as they are sure
that there is no danger, all show their joy by much
clamour.

With respect to the impulse which leads certain
animals to associate together, and to aid each other in
many ways, we may infer that in most cases they are
impelled by the same sense of satisfaction or pleasure
which they experience in performing other instinctive
actions; or by the same sense of dissatisfaction, as in
other cases of prevented instinctive actions. We see
this in innumerable instances, and it is illustrated in
a striking manner by the acquired instincts of our
domesticated animals; thus a young shepherd-dog
delights in driving and running round a flock of sheep,
but not in worrying them ; a young foxhound delights
in hunting a fox, whilst some other kinds of dogs
as I have witnessed, utterly disregard foxes. What a
strong feeling of inward satisfaction must impel a bird,
so full of activity, to brood day after day over her eggs.
Migratory birds are miserable if prevented from migrat-
ing, and perhaps they enjoy starting on their long
flight. Some few instincts are determined solely by
painful feelings, as by fear, which leads to self-preser-
vation, or is specially directed against certain enemies.
No one, I presume, can analyse the sensations of
pleasure or pain. In many cases, however, it is pro-
bable that instincts are persistently followed from the

16 Brehm,' Thierleben,' B. i. s. 76.



80 THE DESCENT OF MAN. PART I.

mere force of inheritance, without the stimulus of either
pleasure or pain. A young pointer, when it first scents
game, apparently cannot help pointing. A squirrel in
a cage who pats the nuts which it cannot eat, as if to
bury them in the ground, can hardly be thought to act
thus either from pleasure or pain. Hence the common
assumption that men must be impelled to every action
by experiencing some pleasure or pain may be erro-
neous. Although a habit may be blindly and implicitly
followed, independently of any pleasure or pain felt at
the moment, yet if it be forcibly and abruptly checked,
a vague sense of dissatisfaction is generally expe-
rienced; and this is especially true in regard to persons
of feeble intellect.

It has often been assumed that animals were in the
first place rendered social, and that they feel as a con-
sequence uncomfortable when separated from each other,
and comfortable whilst together; but it is a more pro-
bable view that these sensations were first developed, in
order that those animals which would profit by living
in society, should be induced to live together. In the
same manner as the sense of hunger and the pleasure of
eating were, no doubt, first acquired in order to induce
animals to eat. The feeling of pleasure from society
is probably an extension of the parental or filial affec-
tions; and this extension may be in chief part attributed
to natural selection, but perhaps in part to mere habit.
For with those animals which were benefited by living
in close association, the individuals which took the
greatest pleasure in society would best escape various
dangers; whilst those that cared least for their com-
rades and lived solitary would perish in greater numbers.
With respect to the origin of the parental and filial
affections, which apparently lie at the basis of the
social affections, it is hopeless to speculate; but we
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may infer that they have been to a large extent gained
through natural selection. So it has almost certainly
been with the unusual and opposite feeling of hatred
between the nearest relations, as with the worker-bees
which kill their brother-drones, and with the queen-bees
which kill their daughter-queens; the desire to destroy,
instead of loving, their nearest relations having been
here of service to the community.

The all-important emotion of sympathy is distinct
from that of love. A mother may passionately love her
sleeping and passive infant, but she can then hardly be
said to feel sympathy for it. The love of a man for
his dog is distinct from sympathy, and so is that of a
dog for his master. Adam Smith formerly argued, as
has Mr. Bam recently, that the basis of sympathy lies
in our strong retentiveness of former states of pain or
pleasure. Hence, " the sight of another person enduring
" hunger, cold, fatigue, revives in us some recollection
" of these states, which are painful even in idea." We
are thus impelled to relieve the sufferings of another,
in order that our own painful feelings may be at the
same time relieved. In like manner we are led to
participate in the pleasures of others.17 But I cannot
see how this view explains the fact that sympathy
is excited in an immeasurably stronger degree by a
beloved than by an indifferent person. The mere

17 See the first and striking chapter in Adam Smith's ' Theory of
Moral Sentiments.' Also Mr. Bain's ' Mental and Moral Science,'
1868, p. 244, and 275-282. Mr. Bain states, that " sympathy is,
" indirectly, a source of pleasure to the sympathiser;" and he accounts
for this through reciprocity. He remarks that " the person benefited,
" or others in his stead, may make up, by sympathy and good offices
" returned, for all the sacrifice." But if, as appears to be the case,
sympathy is strictly an instinct, its exercise would give direct pleasure,
in the same manner as the exercise, as before remarked, of almost every
other instinct.

VOL. I. G
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sight of suffering, independently of love, would suffice
to call up in us vivid recollections and associations.
Sympathy may at first have originated in the manner
above suggested; but it seems now to have become
an instinct, which is especially directed towards be-
loved objects, in the same manner as fear with ani-
mals is especially directed against certain enemies. As
sympathy is thus directed, the mutual love of the
members of the same community will extend its limits.
No doubt a tiger or lion feels sympathy for the suffer-
ings of its own young, but not for any other animal.
With strictly social animals the feeling will be more
or less extended to all the associated members, as we
know to be the case. With mankind selfishness, expe-
rience, and imitation probably add, as Mr. Bain has
shewn, to the power of sympathy; for we are led
by the hope of receiving good in return to perform
acts of sympathetic kindness to others; and there can
be no doubt that the feeling of sympathy is much
strengthened by habit. In however complex a manner
this feeling may have originated, as it is one of high
importance to all those animals which aid and defend
each other, it will have been increased, through natural
selection; for those communities, which included the
greatest number of the most sympathetic members,
would flourish best and rear the greatest number of
offspring.

In many cases it is impossible to decide whether
certain social instincts have been acquired through
natural selection, or are the indirect result of other
instincts and faculties, such as sympathy, reason, expe-
rience, and a tendency to imitation; or again, whether
they are simply the result of long-continued habit.
So remarkable an instinct as the placing sentinels to
warn the community of danger, can hardly have been
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the indirect result of any other faculty; it must there-
fore have been directly acquired. On the other hand,
the habit followed by the males of some social animals,
of defending the community and of attacking their
enemies or their prey in concert, may perhaps have
originated from mutual sympathy; but courage, and
in most cases strength, must have been previously
acquired, probably through natural selection.

Of the various instincts and habits, some are much
stronger than others, that is, some either give more
pleasure in their performance and more distress in their
prevention than others; or, which is probably quite as
important, they are more persistently followed through
inheritance without exciting any special feeling of plea-
sure or pain. We are ourselves conscious that some
habits are much more difficult to cure or change than
others. Hence a struggle may often be observed in
animals between different instincts, or between an
instinct and some habitual disposition; as when a dog
rushes after a hare, is rebuked, pauses, hesitates, pursues
again or returns ashamed to his master; or as between
the love of a female dog for her young puppies and for
her master, for she may be seen to slink away to them,
as if half ashamed of not accompanying her master.
But the most curious instance known to me of one
instinct conquering another, is the migratory instinct
conquering the maternal instinct. The former is won-
derfully strong; a confined bird will at the proper
season beat her breast against the wires of her cage, until
it is bare and bloody. It causes young salmon to leap
out of the fresh water, where they could still continue to
live, and thus unintentionally to commit suicide. Every
one knows how strong the maternal instinct is, leading
even timid birds to face great danger, though with
hesitation and in opposition to the instinct of self-

G 2
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preservation. Nevertheless the migratory instinct is so
powerful that late in the autumn swallows and house-
martins frequently desert their tender young, leaving
them to perish miserably in their nests.18

We can perceive that an instinctive impulse, if it be in
any way more beneficial to a species than some other or
opposed instinct, would be rendered the more potent of
the two through natural selection; for the individuals
which had it most strongly developed would survive in
larger numbers. Whether this is the case with the
migratory in comparison with the maternal instinct,
may well be doubted. The great persistence or steady
action of the former at certain seasons of the year
during the whole day, may give it for a time para-
mount force.

Man a social animal.—Most persons admit that man
is a social being. We see this in his dislike of solitude,
and in his wish for society beyond that of his own
family. Solitary confinement is one of the severest
punishments which can be inflicted. Some, authors sup-
pose that man primevally lived in single families; but
at the present day, though single families, or only two
or three together, roam the solitudes of some savage
lands, they are always, as far as I can discover, friendly
with other families inhabiting the same district. Such
families occasionally meet in council, and they unite

18 This fact, the Rev. L. Jenyns states (see his edition of ' White's
Nat. Hist. of Selborne,' 1853, p. 204) was first recorded by the illus-
trious Jenner, in ' Phil. Transact.' 1824, and has since been confirmed
by several observers, especially by Mr. Blackwall. This latter careful
observer examined, late in the autumn, during two years, thirty-six
nests; he found that twelve contained young dead birds, five contained
eggs on the point of being hatched, and three eggs not nearly hatched-
Many birds not yet old enough for a prolonged flight are likewise
deserted and left behind. See Blackwall, ' Researches in Zoology,'
1834, pp. 108, 118. For some additional evidence, although this is not
wanted, see Leroy,' Lettres Phil.' 1802, p. 217.
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for their common defence. It is no argument against
savage man being a social animal, that the tribes in-
habiting adjacent districts are almost always at war
with each other; for the social instincts never extend
to all the individuals of the same species. Judging
from the analogy of the greater number of the Quad-
rumana, it is probable that the early ape-like pro-
genitors of man were likewise social; but this is not of
much importance for us. Although man, as he now
exists, has few special instincts, having lost any which
his early progenitors may have possessed, this is no
reason why he should not have retained from an ex-
tremely remote period some degree of instinctive love
and sympathy for his fellows. We are indeed all con-
scious that we do possess such sympathetic feelings;19

but our consciousness does not tell us whether they are
instinctive, having originated long ago in the same
manner as with the lower animals, or whether they have
been acquired by each of us during our early years.
As man is a social animal, it is also probable that he
would inherit a tendency to be faithful to his comrades,
for this quality is common to most social animals. He
would in like manner possess some capacity for self-
command, and perhaps of obedience to the leader of
the community. He would from an inherited tendency
still be willing to defend, in concert with others, his
fellow-men, and would be ready to aid them in any
way which did not too greatly interfere with his own
welfare or his own strong desires.

The social animals which stand at the bottom of the
19 Hume remarks (' An Enquiry Concerning the Principles of Morals,'

edit. of 1751, p. 132), " there seems a necessity for confessing that the
" happiness and misery of others are not spectacles altogether in-
" different to us, but that the view of the former . . . communicates a
" secret joy; the appearance of the latter . . . throws a melancholy
" damp over the imagination."
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scale are guided almost exclusively, and those which
stand higher in the scale are largely guided, in the aid
which they give to the members of the same community,
by special instincts; but they are likewise in part im-
pelled by mutual love and sympathy, assisted appa-
rently by some amount of reason. Although man, as just
remarked, has no special instincts to tell him how to aid
his fellow-men, he still has the impulse, and with his
improved intellectual faculties would naturally be much
guided in this respect by reason and experience. In-
stinctive sympathy would, also, cause him to value highly
the approbation of his fellow-men; for, as Mr. Bain has
clearly shewn,20 the love of praise and the strong feeling
of glory, and the still stronger horror of scorn and in-
famy, " are due to the workings of sympathy." Conse-
quently man would be greatly influenced by the wishes,
approbation, and blame of his fellow-men, as expressed
by their gestures and language. Thus the social in-
stincts, which must have been acquired by man in a
very rude state, and probably even by his early ape-like
progenitors, still give the impulse to many of his best
actions; but his actions are largely determined by the
expressed wishes and judgment of his fellow-men, and
unfortunately still oftener by his own strong, selfish
desires. But as the feelings of love and sympathy and
the power of self-command become strengthened by
habit, and as the power of reasoning becomes clearer so
that man can appreciate the justice of the judgments of
his fellow-men, he will feel himself impelled, independ-
ently of any pleasure or pain felt at the moment, to
certain lines of conduct. He may then say, I am the
supreme judge of my own conduct, and in the words of
Kant, I will not in my own person violate the dignity
of humanity.

20 ' Mental and Moral Science,' 1868, p. 254.
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The more enduring Social Instincts conquer the less
Persistent Instincts.—We have, however, not as yet con-
sidered the main point, on which the whole question of
the moral sense hinges. Why should a man feel that
he ought to obey one instinctive desire rather than
another? Why does he bitterly regret if he has yielded
to the strong sense of self-preservation, and has not
risked his life to save that of a fellow-creature; or why
does he regret having stolen food from severe hunger?

It is evident in the first place, that with mankind the
instinctive impulses have different degrees of strength;
a young and timid mother urged by the maternal in-
stinct will, without a moment's hesitation, run the
greatest danger for her infant, but not for a mere fel-
low-creature. Many a man, or even boy, who never
before risked his life for another, but in whom courage
and sympathy were well developed, has, disregarding the
instinct of self-preservation, instantaneously plunged
into a torrent to save a drowning fellow-creature. In
this case man is impelled by the same instinctive mo-
tive, which caused the heroic little American monkey,
formerly described, to attack the great and dreaded
baboon, to save his keeper. Such actions as the above
appear to be the simple result of the greater strength of
the social or maternal instincts than of any other instinct
or motive; for they are performed too instantaneously
for reflection, or for the sensation of pleasure or pain;
though if prevented distress would be caused.

I am aware that some persons maintain that actions
performed impulsively, as in the above cases, do not
come under the dominion of the moral sense, and
cannot be called moral. They confine this term to
actions done deliberately, after a victory over opposing
desires, or to actions prompted by some lofty motive.
But it appears scarcely possible to draw any clear line
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of distinction of this kind; though the distinction may
be real. As far as exalted motives are concerned, many
instances have been recorded of barbarians, destitute of
any feeling of general benevolence towards mankind,
and not guided by any religious motive, who have deli-
berately as prisoners sacrificed their lives,21 rather than
betray their comrades; and surely their conduct ought
to be considered as moral. As far as deliberation and
the victory over opposing motives are concerned, ani-
mals may be seen doubting between opposed instincts,
as in rescuing their offspring or comrades from dan-
ger; yet their actions, though done for the good of
others, are not called moral. Moreover, an action
repeatedly performed by us, will at last be done with-
out deliberation or hesitation, and can then hardly be
distinguished from an instinct; yet surely no one will
pretend that an action thus done ceases to be moral.
On the contrary, we all feel that an act cannot be
considered as perfect, or as performed in the most
noble manner, unless it be done impulsively, without
deliberation or effort, in the same manner as by a man
in whom the requisite qualities are innate. He
who is forced to overcome his fear or want of sym-
pathy before he acts, deserves, however, in one way
higher credit than the man whose innate disposition
leads Mm to a good act without effort. As we cannot
distinguish between motives, we rank all actions of a
certain class as moral, when they are performed by a
moral being. A moral being is one who is capable of
comparing his past and future actions or motives, and
of approving or disapproving of them. We have no
reason to suppose that any of the lower animals have

21 I have given one such case, namely of three Patagonian Indians
who preferred being shot, one after the other, to betraying the plans of
their companions in war (' Journal of Researches,' 1845, p. 103).
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this capacity; therefore when a monkey faces danger
to rescue its comrade, or takes charge of an orphan-
monkey, we do not call its conduct moral. But in the
case of man, who alone can with certainty be ranked as
a moral being, actions of a certain class are called moral,
whether performed deliberately after a struggle with
opposing motives, or from the effects of slowly-gained
habit, or impulsively through instinct.

But to return to our more immediate subject; al-
though some instincts are more powerful than others,
thus leading to corresponding actions, yet it cannot
be maintained that the social instincts are ordinarily
stronger in man, or have become stronger through
long-continued habit, than the instincts, for instance,
of self-preservation, hunger, lust, vengeance, &c. Why
then does man regret, even though he may endeavour
to banish any such regret, that he has followed the
one natural impulse, rather than the other; and why
does he further feel that he ought to regret his conduct ?
Man in this respect differs profoundly from the lower
animals. Nevertheless we can, I think, see with some
degree of clearness the reason of this difference.

Man, from the activity of his mental faculties, cannot
avoid reflection: past impressions and images are in-
cessantly passing through his mind with distinctness.
Now with those animals which live permanently in a
body, the social instincts are ever present and per-
sistent. Such animals are always ready to utter the
danger-signal, to defend the community, and to give
aid to their fellows in accordance with their habits;
they feel at all times, without the stimulus of any
special passion or desire, some degree of love and
sympathy for them; they are unhappy if long separated
from them, and always happy to be in their company.
So it is with ourselves. A man who possessed no trace
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of such feelings would be an unnatural monster. On
the other hand, the desire to satisfy hunger, or any
passion, such as vengeance, is in its nature temporary,
and can for a time be fully satisfied. Nor is it easy,
perhaps hardly possible, to call up with complete vivid-
ness the feeling, for instance, of hunger; nor indeed, as
has often been remarked, of any suffering. The in-
stinct of self-preservation is not felt except in the pre-
sence of danger; and many a coward has thought him-
self brave until he has met his enemy face to face.
The wish for another man's property is perhaps as
persistent a desire as any that can be named; but even
in this case the satisfaction of actual possession is gene-
rally a weaker feeling than the desire : many a thief, if
not an habitual one, after success has wondered why he
stole some article.

Thus, as man cannot prevent old impressions con-
tinually repassing through his mind, he will be com-
pelled to compare the weaker impressions of, for in-
stance, past hunger, or of vengeance satisfied or danger
avoided at the cost of other men, with the instinct of
sympathy and good-will to his fellows, which is still pre-
sent and ever in some degree active in his mind. He
will then feel in his imagination that a stronger instinct
has yielded to one which now seems comparatively
weak; and then that sense of dissatisfaction will in-
evitably be felt with which man is endowed, like every
other animal, in order that his instincts may be obeyed.
The case before given, of the swallow, affords an illus-
tration, though of a reversed nature, of a temporary
though for the time strongly persistent instinct con-
quering another instinct which is usually dominant over
all others. At the proper season these birds seem all
day long to be impressed with the desire to migrate;
their habits change; they become restless, are noisy,
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and congregate in flocks. Whilst the mother-bird is
feeding or brooding over her nestlings, the maternal
instinct is probably stronger than the migratory; but
the instinct which is more persistent gains the victory,
and at last, at a moment when her young ones are not
in sight, she takes flight and deserts them. When
arrived at the end of her long journey, and the migra-
tory instinct ceases to act, what an agony of remorse
each bird would feel, if, from being endowed with great
mental activity, she could not prevent the image con-
tinually passing before her mind of her young ones
perishing in the bleak north from cold and hunger.

At the moment of action, man will no doubt be apt
to follow the stronger impulse; and though this may
occasionally prompt him to the noblest deeds, it will
far more commonly lead him to gratify his own desires
at the expense of other men. But after their grati-
fication, when past and weaker impressions are con-
trasted with the ever-enduring social instincts, retri-
bution will surely come. Man will then feel dissatis-
fied with himself, and will resolve with more or less
force to act differently for the future. This is con-
science ; for conscience looks backwards and judges past
actions, inducing that kind of dissatisfaction, which if
weak we call regret, and if severe remorse.

These sensations are, no doubt, different from those
experienced when other instincts or desires are left
unsatisfied; but every unsatisfied instinct has its own
proper prompting sensation, as we recognise with hunger,
thirst, &c. Man thus prompted, will through long
habit acquire such perfect self-command, that his desires
and passions will at last instantly yield to his social
sympathies, and there will no longer be a struggle
between them. The still hungry, or the still revengeful
man will not think of stealing food, or of wreaking his
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vengeance. It is possible, or, as we shall hereafter
see, even probable, that the habit of self-command
may, like other habits, be inherited. Thus at last
man comes to feel, through acquired and perhaps in-
herited habit, that it is best for him to obey his more
persistent instincts. The imperious word ought seems
merely to imply the consciousness of the existence of a
persistent instinct, either innate or partly acquired,
serving him as a guide, though liable to be disobeyed.
We hardly use the word ought in a metaphorical sense,
when we say hounds ought to hunt, pointers to point,
and retrievers to retrieve their game. If they fail thus
to act, they fail in their duty and act wrongly.

If any desire or instinct, leading to an action opposed
to the good of others, still appears to a man, when re-
called to mind, as strong as, or stronger than, his social
instinct, he will feel no keen regret at having followed
it; but he will be conscious that if his conduct were
known to his fellows, it would meet with their disap-
probation ; and few are so destitute of sympathy as not
to feel discomfort when this is realised. If he has no
such sympathy, and if his desires leading to bad actions
are at the time strong, and when recalled are not over-
mastered by the persistent social instincts, then he is
essentially a bad man;22 and the sole restraining motive
left is the fear of punishment, and the conviction that
in the long run it would be best for his own selfish
interests to regard the good of others rather than his
own.

It is obvious that every one may with an easy con-
science gratify his own desires, if they do not interfere

22 Dr. Prosper Despine, in his ' Psychologie Naturelle,' 1868 (tom.
i. p. 243; tom ii. p. 169) gives many curious cases of the worst criminals,
who apparently have been entirely destitute of conscience.
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with his social instincts, that is with the good of others;
but in order to be quite free from self-reproach, or at
least of anxiety, it is almost necessary for him to avoid
the disapprobation, whether reasonable or not, of his
fellow men. Nor must he break through the fixed habits
of his life, especially if these are supported by reason;
for if he does, he will assuredly feel dissatisfaction.
He must likewise avoid the reprobation of the one-
God or gods, in whom according to his knowledge or
superstition he may believe; but in this case the addi-
tional fear of divine punishment often supervenes.

The strictly Social Virtues at first alone regarded.—
The above view of the first origin and nature of the moral
sense, which tells us what we ought to do, and of
the conscience which reproves us if we disobey it,
accords well with what we see of the early and un-
developed condition of this faculty in mankind. The
virtues which must be practised, at least generally, by
rude men, so that they may associate in a body, are
those which are still recognised as the most important.
But they are practised almost exclusively in relation to
the men of the same tribe; and their opposites are not
regarded as crimes in relation to the men of other tribes.
No tribe could hold together if murder, robbery, trea-
chery, &c., were common; consequently such crimes
within the limits of the same tribe " are branded
" with everlasting infamy;" 23 but excite no such senti-
ment beyond these limits. A North-American Indian
is well pleased with himself, and is honoured by others,
when he scalps a man of another tribe; and a Dyak

23 See an able article in the ' North British Review,' 1867, p. 395.
See also. Mr. W. Bagehot's articles on the Importance of Obedience
and Coherence to Primitive Man, in the ' Fortnightly Review,' 1867,
p. 529, and 1868, p. 457, &c.
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cuts off the head of an  unoffending person and dries it
as a trophy. The murder of infants has prevailed on
the largest scale throughout the world,24 and has met
with no reproach; but infanticide, especially of females,
has been thought to be good for the tribe, or at least
not injurious. Suicide during former times was not
generally considered as a crime,25 but rather from the
courage displayed as an honourable act; and it is still
largely practised by some semi-civilised nations without
reproach, for the loss to a nation of a single individual
is not felt: whatever the explanation may be, suicide,
as I hear from Sir J. Lubbock, is rarely practised by the
lowest barbarians. It has been recorded that an Indian
Thug conscientiously regretted that he had not strangled
and robbed as many travellers as did his father before
him. In a rude state of civilisation the robbery of
strangers is, indeed, generally considered as honour-
able.

The great sin of Slavery has been almost universal, and
slaves have often been treated in an infamous manner.
As barbarians do not regard the opinion of their women,
wives are commonly treated like slaves. Most savages
are utterly indifferent to the sufferings of strangers, or
even delight in witnessing them. It is well known that
the women and children of the North-American Indians
aided in torturing their enemies. Some savages take a
horrid pleasure in cruelty to animals,26 and humanity
with them is an unknown virtue. Nevertheless, feelings
of sympathy and kindness are common, especially

24 The fullest account which I have met with is by Dr. Gerland, in
his ' Ueber das Aussterben der Naturvölker,' 1868; but I shall have to
recur to the subject of infanticide in a future chapter.

25 See the very interesting discussion on Suicide in Lecky's ' History
of European Morals,' vol. i. 1869, p. 223.

26 See, for instance, Mr. Hamilton's account of the Kaffirs, ' Anthro-
pological Review,' 1870, p. xv.
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during sickness, between the members of the same tribe,
and are sometimes extended beyond the limits of the
tribe. Mungo Park's touching account of the kindness
of the negro women of the interior to him is well known.
Many instances could be given of the noble fidelity of
savages towards each other, but not to strangers;
common experience justifies the maxim of the Spaniard,
" Never, never trust an Indian." There Cannot be
fidelity without truth; and this fundamental virtue is
not rare between the members of the same tribe: thus
Mungo Park heard the negro women teaching their
young children to love the truth. This, again, is one of
the virtues which becomes so deeply rooted in the mind
that it is sometimes practised by savages even at a high
cost, towards strangers; but to lie to your enemy has
rarely been thought a sin, as the history of modern
diplomacy too plainly shews. As soon as a tribe has
a recognised leader, disobedience becomes a crime, and
even abject submission is looked at as a sacred virtue.

As during rude times no man can be useful or faithful
to his tribe without courage, this quality has universally
been placed in the highest rank; and although, in
civilised countries, a good, yet timid, man may be far
more useful to the community than a brave one, we
cannot help instinctively honouring the latter above
a coward, however benevolent. Prudence, on the other
hand, which does not concern the welfare of others,
though a very useful virtue, has never been highly
esteemed. As no man can practise the virtues necessary
for the welfare of his tribe without self-sacrifice, self-
command, and the power of endurance, these qualities
have been at all times highly and most justly valued.
The American savage voluntarily submits without
a groan to the most horrid tortures to prove and
strengthen his fortitude and courage; and we cannot
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help admiring him, or even an Indian Fakir, who, from
a foolish religious motive, swings suspended by a hook
buried in his flesh.

The other self-regarding virtues, which do not ob-
viously, though they may really, affect the welfare of
the tribe, have never been esteemed by savages, though
now highly appreciated by civilised nations. The
greatest intemperance with savages is no reproach.
Their utter licentiousness, not to mention unnatural
crimes, is something astounding.27 As soon, however, as
marriage, whether polygamous or monogamous, becomes
common, jealousy will lead to the inculcation of female
virtue; and this being honoured will tend to spread to the
unmarried females. How slowly it spreads to the male
sex we see at the present day. Chastity eminently
requires self-command; therefore it has been honoured
from a very early period in the moral history of civilised
man. As a consequence of this, the senseless practice
of celibacy has been ranked from a remote period as
a virtue.28 The hatred of indecency, which appears to
us so natural as to be thought innate, and which is so
valuable an aid to chastity, is a modern virtue, apper-
taining exclusively, as Sir G. Staunton remarks,29 to
civilised life. This is shewn by the ancient religious
rites of various nations, by the drawings on the walls of
Pompeii, and by the practices of many savages.

We have now seen that actions are regarded by
savages, and were probably so regarded by primeval
man, as good or bad, solely as they affect in an obvious-
manner the welfare of the tribe,—not that of the
species, nor that of man as an individual member of the

27 Mr. M'Lennan has given (' Primitive Marriage,' 1865, p. 176) a
good collection of facts on this head.

28 Lecky, ' History of European Morals,' vol. i. 1869, p. 109.
29 ' Embassy to China,' vol. ii. p. 348.
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tribe. This conclusion agrees well with the belief that
the so-called moral sense is aboriginally derived from
the social instincts, for both relate at first exclusively to
the community. The chief causes of the low morality
of savages, as judged by our standard, are, firstly, the
confinement of sympathy to the same tribe. Secondly,
insufficient powers of reasoning, so that the bearing of
many virtues, especially of the self-regarding virtues, on
the general welfare of the tribe is not recognised.
Savages, for instance, fail to trace the multiplied evils
consequent on a want of temperance, chastity, &c.
And, thirdly, weak power of self-command; for this
power has not been strengthened through long-con-
tinued, perhaps inherited, habit, instruction and religion.

I have entered into the above details on the immor-
ality of savages,30 because some authors have recently
taken a high view of their moral nature, or have attri-
buted most of their crimes to mistaken benevolence.31

These authors appear to rest their conclusion on savages
possessing, as they undoubtedly do possess, and often
in a high degree, those virtues which are serviceable,
or even necessary, for the existence of a tribal com-
munity.

Concluding Remarks.—Philosophers of the derivative32

school of morals formerly assumed that the foundation
of morality lay in a form of Selfishness; but more
recently in the " Greatest Happiness principle." Ac-
cording to the view given above, the moral sense is

30 See on this subject copious evidence in Chap. vii. of Sir J.
Lubbock, ' Origin of Civilisation,' 1870.

31 For instance Lecky, ' Hist. European Morals,' vol. i. p. 124.
32 This term is used in an able article in the ' Westminister Review,'

Oct. 1869, p. 498. For the Greatest Happiness principle, see J. S.
Mill, ' Utilitarianism,' p. 17.

VOL. I. H
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fundamentally identical with the social instincts; and
in the case of the lower animals it would be absurd to
speak of these instincts as having been developed from
selfishness, or for the happiness of the community.
They have, however, certainly been developed for the
general good of the community. The term, general
good, may be defined as the means by which the great-
est possible number of individuals can be reared in
full vigour and health, with all their faculties perfect,
under the conditions to which they are exposed. As
the social instincts both of man and the lower animals
have no doubt been developed by the same steps, it
would be advisable, if found practicable, to use the
same definition in both cases, and to take as the test
of morality, the general good or welfare of the com-
munity, rather than the general happiness; but this
definition would perhaps require some limitation on
account of political ethics.

When a man risks his life to save that of a fellow-
creature, it seems more appropriate to say that he acts
for the general good or welfare, rather than for the
general happiness of mankind. No doubt the welfare
and the happiness of the individual usually coincide;
and a contented, happy tribe will flourish better than
one that is discontented and unhappy. We have seen
that at an early period in the history of man, the ex-
pressed wishes of the community will have naturally
influenced to a large extent the conduct of each mem-
ber ; and as all wish for happiness, the " greatest happi-
ness principle" will have become a most important
secondary guide and object; the social instincts, includ-
ing sympathy, always serving as the primary impulse
and guide. Thus the reproach of laying the foundation
of the most noble part of our nature in the base prin-
ciple of selfishness is removed; unless indeed the satis-
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faction which every animal feels when it follows its
proper instincts, and the dissatisfaction felt when pre-
vented, be called selfish.

The expression of the wishes and judgment of the
members of the same community, at first by oral and
afterwards by written language, serves, as just re-
marked, as a most important secondary guide of
conduct, in aid of the social instincts, but sometimes
in opposition to them. This latter fact is well exem-
plified by the Law of Honour, that is the law of the
opinion of our equals, and not of all our country-
men. The breach of this law, even when the breach
is known to be strictly accordant with true mo-
rality, has caused many a man more agony than a real
crime. We recognise the same influence in the burn-
ing sense of shame which most of us have felt even
after the interval of years, when calling to mind some
accidental breach of a trifling though fixed rule of eti-
quette. The judgment of the community will generally
be guided by some rude experience of what is best in
the long run for all the members; but this judgment
will not rarely err from ignorance and from weak powers
of reasoning. Hence the strangest customs and super-
stitions, in complete opposition to the true welfare and
happiness of mankind, have become all-powerful through-
out the world. We see this in the horror felt by a
Hindoo who breaks his caste, in the shame of a Maho-
metan woman who exposes her face, and in innumerable
other instances. It would be difficult to distinguish
between the remorse felt by a Hindoo who has eaten
unclean food, from that felt after committing a theft;
but the former would probably be the more severe.

How so many absurd rules of conduct, as well as so
many absurd religious beliefs, have originated we do
not know; nor how it is that they have become, in all

H 2
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quarters of the world, so deeply impressed on the mind
of men; but it is worthy of remark that a belief con-
stantly inculcated during the early years of life, whilst
the brain is impressible, appears to acquire almost the
nature of an instinct; and the very essence of an in-
stinct is that it is followed independently of reason.
Neither can we say why certain admirable virtues, such
as the love of truth, are much more highly appre-
ciated by some savage tribes than by others;33 nor,
again, why similar differences prevail even amongst
civilised nations. Knowing how firmly fixed many
strange customs and superstitions have become, we
need feel no surprise that the self-regarding virtues
should now appear to us so natural, supported as they
are by reason, as to be thought innate, although they
were not valued by man in his early condition.

Notwithstanding many sources of doubt, man can
generally and readily distinguish between the higher
and lower moral rules. The higher are founded on the
social instincts, and relate to the welfare of others.
They are supported by the approbation of our fellow-
men and by reason. The lower rules, though some of
them when implying self-sacrifice hardly deserve to be
called lower, relate chiefly to self, and owe their origin
to public opinion, when matured by experience and
cultivated; for they are not practised by rude tribes.

As man advances in civilisation, and small tribes
are united into larger communities, the simplest reason
would tell each individual that he ought to extend his
social instincts and sympathies to all the members of
the same nation, though personally unknown to him.
This point being once reached, there is only an arti-

33 Good instances are given by Mr. Wallace in ' Scientific Opinion,'
Sept. 15, 1869; and more fully in his ' Contributions to the Theory of
Natural Selection,' 1870, p. 353.
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ficial barrier to prevent his sympathies extending to the
men of all nations and races. If, indeed, such men are
separated from him by great differences in appearance
or habits, experience unfortunately shews us how long
it is before we look at them as our fellow-creatures.
Sympathy beyond the confines of man, that is humanity
to the lower animals, seems to be one of the latest
moral acquisitions. It is apparently unfelt by savages,
except towards their pets. How little the old Romans
knew of it is shewn by their abhorrent gladiatorial
exhibitions. The very idea of humanity, as far as I
could observe, was new to most of the Gauchos of the
Pampas. This virtue, one of the noblest with which
man is endowed, seems to arise incidentally from our
sympathies becoming more tender and more widely dif-
fused, until they are extended to all sentient beings.
As soon as this virtue is honoured and practised by some
few men, it spreads through instruction and example to
the young, and eventually through public opinion.

The highest stage in moral culture at which we can
arrive, is when we recognise that we ought to control
our thoughts, and " not even in inmost thought to think
" again the sins that made the past so pleasant to us."34

Whatever makes any bad action familiar to the mind,
renders its performance by so much the easier. As
Marcus Aurelius long ago said, " Such as are thy habi-
" tual thoughts, such also will be the character of thy
" mind; for the soul is dyed by the thoughts."35

Our great philosopher, Herbert Spencer, has recently
explained his views on the moral sense. He says,36 " I

34 Tennyson, ' Idylls of the King,' p. 244.
35 ' The Thoughts of the Emperor M. Aurelius Antoninus,' Eng.

translat., 2nd edit., 1869, p. 112. Marcus Aurelius was born A.D. 121.
36 Letter to Mr. Mill in Bain's ' Mental and Moral Science,' 1868,

p. 722.
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" believe that the experiences of utility organised and
" consolidated through all past generations of the human
" race, have been producing corresponding modifications,
" which, by continued transmission and accumulation,
" have become in us certain faculties of moral intuition—
" certain emotions responding to right and wrong con-
" duct, which have no apparent basis in the individual
" experiences of utility." There is not the least inhe-
rent improbability, as it seems to me, in virtuous ten-
dencies being more or less strongly inherited; for, not
to mention the various dispositions and habits trans-
mitted by many of our domestic animals, I have heard
of cases in which a desire to steal and a tendency to lie
appeared to run in families of the upper ranks; and
as stealing is so rare a crime in the wealthy classes,
we can hardly account by accidental coincidence for the
tendency occurring in two or three members of the
same family. If bad tendencies are transmitted, it is
probable that good ones are likewise transmitted. Ex-
cepting through the principle of the transmission of
moral tendencies, we cannot understand the differences
believed to exist in this respect between the various
races of mankind. We have, however, as yet, hardly
sufficient evidence on this head.

Even the partial transmission of virtuous tendencies
would be an immense assistance to the primary impulse
derived directly from the social instincts, and indirectly
from the approbation of our fellow-men. Admitting
for the moment that virtuous tendencies are inherited,
it appears probable, at least in such cases as chastity,
temperance, humanity to animals, &c., that they become
first impressed on the mental organisation through
habit, instruction, and example, continued during several
generations in the same family, and in a quite subor-
dinate degree, or not at all, by the individuals pos-
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sessing such virtues, having succeeded best in the
struggle for life. My chief source of doubt with respect
to any such inheritance, is that senseless customs, super-
stitions, and tastes, such as the horror of a Hindoo for
unclean food, ought on the same principle to be trans-
mitted. Although this in itself is perhaps not less pro-
bable than that animals should acquire inherited tastes
for certain kinds of food or fear of certain foes, I have
not met with any evidence in support of the trans-
mission of superstitious customs or senseless habits.

Finally, the social instincts which no doubt were
acquired by man, as by the lower animals, for the good
of the community, will from the first have given to him
some wish to aid his fellows, and some feeling of sym-
pathy. Such impulses will have served him at a very
early period as a rude rule of right and wrong. But as
man gradually advanced in intellectual power and was
enabled to trace the more remote consequences of his
actions; as he acquired sufficient knowledge to reject
baneful customs and superstitions; as he regarded
more and more not only the welfare but the happi-
ness of his fellow-men; as from habit, following on
beneficial experience, instruction, and example, his
sympathies became more tender and widely diffused,
so as to extend to the men of all races, to the im-
becile, the maimed, and other useless members of
society, and finally to the lower animals,—so would the
standard of his morality rise higher and higher. And
it is admitted by moralists of the derivative school and
by some intuitionists, that the standard of morality has
risen since an early period in the history of man.37

As a struggle may sometimes be seen going on
37 A writer in the ' North British Review' (July, 1869, p. 531), well

capable of forming a sound judgment, expresses himself strongly to this
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between the various instincts of the lower animals, it is
not surprising that there should be a struggle in man
between his social instincts, with their derived virtues,
and his lower, though at the moment, stronger impulses
or desires. This, as Mr. Galton38 has remarked, is all
the less surprising, as man has emerged from a state of
barbarism within a comparatively recent period. After
having yielded to some temptation we feel a sense of
dissatisfaction, analogous to that felt from other un-
satisfied instincts, called in this case conscience; for we
cannot prevent past images and impressions continually
passing through our minds, and these in their weakened
state we compare with the ever-present social instincts,
or with habits gained in early youth and strengthened
during our whole lives, perhaps inherited, so that they
are at last rendered almost as strong as instincts.
Looking to future generations, there is no cause to fear
that the social instincts will grow weaker, and we may
expect that virtuous habits will grow stronger, becoming
perhaps fixed by inheritance. In this case the struggle
between our higher and lower impulses will be less
severe, and virtue will be triumphant.

Summary of the two last Chapters.—There can be no
doubt that the difference between the mind of the lowest
man and that of the highest animal is immense. An
anthropomorphous ape, if he could take a dispassionate
view of his own ease, would admit that though he could
form an artful plan to plunder a garden—though he
could use stones for fighting or for breaking open nuts,

effect. Mr. Lecky (' Hist. of Morals,' vol. i. p. 143) seems to a certain
extent to coincide.

38 See his remarkable work on ' Hereditary Genius,' 1869, p. 349.
The Duke of Argyll ('Primeval Man,' 1869, p. 188) has some good
remarks on the contest in man's nature between right and wrong.
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yet that the thought of fashioning a stone into a tool
was quite beyond his scope. Still less, as he would
admit, could he follow out a train of metaphysical
reasoning, or solve a mathematical problem, or reflect
on God, or admire a grand natural scene. Some apes,
however, would probably declare that they could and
did admire the beauty of the coloured skin and fur of
their partners in marriage. They would admit, that
though they could make other apes understand by cries
some of their perceptions and simpler wants, the notion
of expressing definite ideas by definite sounds had
never crossed their minds. They might insist that they
were ready to aid their fellow-apes of the same troop in
many ways, to risk their lives for them, and to take
charge of their orphans; but they would be forced to
acknowledge that disinterested love for all living crea-
tures, the most noble attribute of man, was quite be-
yond their comprehension.

Nevertheless the difference in mind between man
and the higher animals, great as it is, is certainly one
of degree and not of kind. We have seen that the
senses and intuitions, the various emotions and faculties,
such as love, memory, attention, curiosity, imitation,
reason, &c., of which man boasts, may be found in an
incipient, or even sometimes in a well-developed con-
dition, in the lower animals. They are also capable of
some inherited improvement, as we see in the domestic
dog compared with the wolf or jackal. If it be main-
tained that certain powers, such as self-consciousness,
abstraction, &c., are peculiar to man, it may well be
that these are the incidental results of other highly-
advanced intellectual faculties; and these again are
mainly the result of the continued use of a highly
developed language. At what age does the new-born
infant possess the power of abstraction, or become self-
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conscious and reflect on its own existence ? We cannot
answer; nor can we answer in regard to the ascending
organic scale. The half-art and half-instinct of lan-
guage still bears the stamp of its gradual evolution.
The ennobling belief in God is not universal with man;
and the belief in active spiritual agencies naturally fol-
lows from his other mental powers. The moral sense
perhaps affords the best and highest distinction between
man and the lower animals; but I need not say any-
thing on this head, as I have so lately endeavoured
to shew that the social instincts,—the prime principle
of man's moral constitution39—with the aid of active
intellectual powers and the effects of habit, naturally
lead to the golden rule, " As ye would that men should
" do to you, do ye to them likewise;" and this lies at
the foundation of morality.

In a future chapter I shall make some few remarks
on the probable steps and means by which the several
mental and moral faculties of man have been gradually
evolved. That this at least is possible ought not
to be denied, when we daily see their development in
every infant; and when we may trace a perfect grada-
tion from the mind of an utter idiot, lower than that of
the lowest animal, to the mind of a Newton.

39 ' The Thoughts of Marcus Aurelius,' &c., p. 139.
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 showed, for example that there is a
 close numerical agreement between the
 standing crop of planktonic organisms
 at the surface of the North Atlantic
 Ocean and the distribution density of
 the various deep-sea birds that depend
 on these organisms for food. Over the
 whole of this vast area the oceanic
 birds are dispersed in almost constant
 proportion to the local biomass of
 plankton, although the biomass itself
 varies from region to region by a fac-
 tor of about 100; the actual crude cor-
 relation coefficient is 85 percent. This
 pro rata dispersion of the birds must in
 fact depend solely on their own in-
 trinsic efforts and behavior. Even
 though the dispersion directly reflects
 the availability of food, the movements
 o£ the birds over the ocean are essen-
 tially voluntary and not imposed against
 their will by hostile or other outside
 forces.

 Turning to the results of repeatable
 experiments with laboratory animals, it
 is a generally established principle that
 a population started up, perhaps from
 one parental pair, in some confined uni-
 verse such as an aquarium or a cage,
 can be expected to grow to a predicta-
 ble size, and thereafter to maintain it-
 self at that ceiling for months or years
 as long as the experimenter keeps the
 conditions unchanged. This can readily
 be demonstrated with most common
 laboratory animals, including the in-
 sects Drosophila and Triboliam, the
 water-flea Daphnia, the guppy Lebistes,
 and also mice and rats. The ceiling
 population density stays constant in
 these experiments in the complete ab-
 sence of predators or disease and
 equally without recourse to regulation
 by starvation, simply by the matching
 o£ recruitment and loss. For example
 a set of particularly illuminating ex-
 periments by Silliman and Gutsell (4),
 lasting over 3 years, showed that when
 stable populations of guppies, kept in
 tanks, were cropped by removal of
 a proportion of the fish at regular in-
 tervals, the remainder responded by
 producing more young that survived
 with the consequence that the losses
 were compensated. In the controls, on
 the other hand, where the stocks were
 left untouched, the guppies went on
 breeding all the time, but by cannibal-
 ism they consistently removed at birth
 the whole of the surplus produced. The
 regulating methods are different in
 different species; under appropriate cir-
 cumstances in mice, to take another ex-
 ample, ovulation and reproduction can

 1543

 I am going to try to explain a hy-
 pothesis which could provide a bridge
 between two biological realms (1). On
 one side is that part of the "Balance of
 Nature" concerned with regulating the
 numbers of animals, and on the other is
 the broad field of social behavior. The
 hypothesis may, I believeS throw a
 bright and perhaps important side-
 light on human behavior and population
 problems. I must emphasize, however,
 that it is still a hypothesis. It appears
 to be generally consistent with the facts,
 and it provides entirely new insight
 into many aspects of animal behavior
 that have hitherto been unexplainable;
 but because it involves long-term evo-
 lutionary processes it cannot be put to
 an immediate and comprehensive test
 by short-term experiments.

 Human populations are of course in-
 creasing at compound interest practical-
 ly all over the world. At the overall
 2 percent annual rate of the last dec-
 ade, they can be expected to double
 with each generation. In the perspective
 of evolutionary time such a situation
 must be extremely short-lived, and I
 am sure we are going to grow more
 and more anxious about the future of
 man until we are able to satisfy our-
 selves that the human population ex-
 losion is controllable, and can be con-

 tained.

 Populations of animals especially
 when they are living under primeval
 undisturbed conditionss characteristical-
 ly show an altogether different state
 of aflairs; and this was equally true of
 man in the former cultural periods of
 tne stone age. These natural popula-

 The author is Regius Professor of Natural
 TIistoryt Marischal College, {Jniversity of Aber-
 deen, Aberdeen, Scotland. This article is based
 on a lecture presented 2fi December l9fi4 at the
 Montreal meeting of the AAAS.

 26 MARCH 1965

 tions tend to preserve a continuing state
 of balance, usually fluctuating to some
 extent but essentially stable and regu-
 lated. The nature of the regulatory
 process has been the main focus of
 study and speculation by animal ecolo-
 gists dwring the whole of my working
 life, and in fact considerably longer.

 Charles Darwin (2) was the-Xrst to
 point out that though all animals have
 the capacity to increase their numbers,
 in fact they do not continuously do so.
 The "checks to increase" appeared to
 him to be of four kinds namely, the
 amount of food available, which must
 give the extreme limit to which any
 species can increase; the effects of pre-
 dation by other animals; the effects of
 physical factors such as climate; and
 finally, the inroads of disease. "In
 looking at Nature," he tells us in the
 Origin of Species, 4'it is most necessary
 . . . never to forget that every single
 organic being may be said to be striv-
 ing to the utmost to increase in num-
 bers." This intuitive assumption of a
 universal resurgent pressure from with-
 in held down by hostile forces fronz
 without has dominated the thinking of
 biologists on matters of population reg-
 ulation, and on the nature of the strug-
 gle for existence, right down to the
 present day.

 Setting all preconceptions aside, how-
 ever, and returning to a detached as-
 sessment of the facts revealed by
 modern observation and experiment, it
 becomes almost immediately evident
 that a very large part of the regulation
 of numbers depends not on Darwin's
 hostile forces but on the initiative taken
 by the animals themselves; that is to
 says to an important extent it is an
 intrinsic phenomenonW

 Forty years ago Jespersen (3)

 SelSRegulating Systems

 in Populations of Animals

 A new hypothesis illuminates aspects of animal
 behavior that have hitherto seemed unexplainable.

 - V. C. Wynne-Edwards
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 decline and even cease, as long as the

 ceiling density is maintained.

 IIere again, therefore, we are con-

 fronted by intrinsic mechanisms, in

 which none of Darwin's checks play

 any part, competent in themselves to

 regulate the population size within a

 given habitatr

 The same principIe shows up just as

 clearly in the familiar concept that a

 habitat has a certain carrying capacity,

 and that it is no good turning out more

 partridges or planting more trout than

 the available habitat can hold.

 Population growth is essentially a

 density-dependent process; this means

 that it tends to proceed fastest when

 population densities are far below the

 ceiling level, to fall to zero as this

 level is approached, and to become

 negative, leading to an actual drop in

 numbbrsX if ever the ceiling is exceeded.

 The current hypothesis is that the ad-

 justment of numbers in animals is a

 homeostatic process-that there is, in

 fact, an automatic self-righting balance

 between population density and re-

 sources.

 T must turn briefly aside here to re-

 mind you that there are some environ-

 ments which are so unstable or transi-

 torr that there is not time enough for

 colonizing animals to reach a ceiling

 density, and invoke their regulatory

 machinery5 before the habitat becomes

 untenable again or is destroyed. PopuW

 lations in these conditions are always in

 the pioneering stage, increasing freely

 just as long as conditions allow. In-

 stability of this kind tends to appear

 around the fringes of the geographical

 range of all free-living organisms, and

 esl?ecially in desert and polar regions.

 It is also very common in agricultural

 land, because o£ the incessant disturb-

 ance of ploughing, seeding, spraying,

 harvesting, and rotating of crops. In

 these conditions the ecologist will often

 look in vain for evidences of homeo-

 stasis, among the violently fluctuating

 and completely uncontrollable popula-

 tions typical of the animal pests of

 farms and plantations. IIomeostasis

 can hardly be expected to cope uner-

 ringly with the ecological turmoil of

 cultivated land.

 I return later to the actual machinery

 of homeostasis. For thee present it can

 be accepted that more or less effective

 methods of regulating their own num-
 bers have been. evo:lved by most types

 of a.nimals. If this is so, it seems logi-

 cal to ask as the next question: What
 is it that decides the ceiling level7

 1544

 Food Supply as a Limiting Factor

 Darwin was undoubtedly right ln

 concluding that food is the factor that

 normally puts an extreme limit on

 population density, and the dispersion

 of oceanic birds over the North At-

 lantic, which so closely reflects the

 dispersion of their food supply, is cer-

 tain to prove a typical and representa-

 tive case. Just the same, the link: be-

 tween food productivity and population

 density is very far from being self-

 evident. The relationship between them

 does not typically involve any signs of

 undernourishment; and starvation, when

 we observe it, tends to be a sporadic

 or accidental cause of mortality rather

 than a regular one.

 Extremely important light is shed on

 this relationship between population

 density and food by our human experi-

 ence of exploiting resources of the

 same kind. Fish, fur-bearing aninzals7

 and game are all notoriously subject to

 overexploitation at the hands of man,

 and present-day management of these

 renewable natural resources is based on

 the knowledge that there is a limit to

 the intensity of cropping that each

 stock can withstand. If we exceed this

 critical level, the stock will decline and

 the future annual crops will diminish.

 Exactly parallel principles apply to the

 exploitation of natural prairie pastures

 by domestic livestock: if overgrazing is

 permitted, fertility and future yields

 just as fatally decline.

 In all these situations there is a tend-

 ency to overstep the safety margin

 while exploitation of the resource is

 still economically profitable. We have

 seen since World War II, for exampleS

 the decimation of stocks of the blue and

 the humpback whale in the southern

 oceans, under the impetus of an intense

 profit motive, which persisted long after

 it had become apparent to everyone in

 the industry that the cropping rate was

 unsupportably high. The only way to

 protect these economically valuable re-

 current resources from destruction is to

 impose, by agreement or law, a man-

 made code of rules, defining closed sea-

 sons, catch limits5 permitted types of

 gear, and so on, which restrict the ex-
 ploitation rate sufficiently to prevent the

 catch from exceeding the critical

 level.

 In its essentials, this is the same cru-

 cial situation that faces populations of
 animals in exploiting their resources of

 food. Indeed, without going any fur

 ther one could predict that if the food

 supplies of animals were openly es

 posed to an unruly scramble, there

 could be no safeguard against their

 overexploitation either.

 Conventional Behavior

 in Relation to Food

 When I first saw the force of this

 deduction 10 years ago, X felt that the
 scales had fallen from my eyes. At once

 the vast edifice of conventional beQ

 havior among animals in relation to

 food began to take on a new meaning.

 A whole series of unconnected naturaI

 phenomena seemed to click smoothly

 into place.

 First among these are the terri

 torial systems of various birds (par

 alleled in many other organisms), where

 the claim to an individual piece of

 ground can evoke competition of an in°

 tensity unequaled on any other occasion

 in the life of the species concerned. X1;

 results, in the simplest cases, in a par

 celing out of the habitat into a mosaic

 of breeding and feeding lots. A territory

 has to be of a certain size, and individ-

 uals that are unsuccessful in obtaining

 one are often excluded completely from

 the habitat, and always prevented from

 breeding in it. Here is a system that

 might have been evolved for the exact

 purpose of imposing a ceiling density

 on the habitat, and for efficiently dis

 posing of any surplus individuals that

 fail to establish themselves. Provided

 the territory size is adequate, it is ob-

 vious that the rate of exploitation of

 the food resources the habitat contains

 will automatically be prevented from

 exceeding the critical threshold.

 There are other behavioral devices

 that appear, in the light of the food-

 resource hypothesis we are examining,

 equally purposive in leading to the same

 result namely, that of limiting the per-

 mitted quota of participants in an arti-

 ficial kind of way, and of off-loading

 all that are for the time being surplus
 to the carrying capacity of the ground.

 Many birds nest in colonies-especiallys

 for example, the oceanic and aerial

 birds which cannot, in the nature of

 things, divide up the element in which

 they feed into static individual terri-

 tories. Tn the colony the pairs compete

 just as long and keenly for one of the

 acceptable nest sites, which are in some

 instances closely packed together. By

 powerful tradition some of these species
 return year after year to old-established
 resorts5 where the perimeter of the
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 colony is closely drawn like an imagi-
 nary fence around the occupied sites.
 Once again there is not always room to
 accommodate all the contestants, and
 unsuccessful ones have to be relegated
 to a nonbreeding surplus or reserve, in-
 hibited from sexual ma.turation because
 they have failed to obta.in a site within
 the traditional zone and all other sites
 are taboo.

 A third situation, exemplifying an-
 othern parallel device, is the pecking
 order or social hierarchy so typical of
 the higher animals that live in com-
 panies in which the individual members
 become mutuall.y known. Animal be-
 haviorists have studied the hierarchy in
 its various manifestations for more than
 40 years, most commonly in relation
 to food. In general, the individuals of
 higher rank have a prior right to help
 thenaselves, and in situa.tions where
 there is not enough to go round, the
 orles at the bottom of the scale must
 stand aside and do without. In times
 of food shortage-for example, with
 *big game animals the result is that
 the dominant i.ndividuals come through
 in good shape while the subordinates
 actually die of starvation. The hier-
 archy therefore produces the same kind
 of result as a territorial system in that
 it admits a limited quota of individuals
 to share the food -resources and ex-
 cludes the extras. Like the other de-
 vices I have described, it can operate in
 exactly the same way with respect to
 reproduction. In fact, not only can the
 hierarchical system exclude individuals
 from breeding, it can equally inhibit
 their sexual development.

 It must be quite clear already that
 the kind of competition we are con-
 sidering, involving as it does the right
 to take food and the right to breed, is
 a matter of the highest importance to
 the individuals that engage in it. At its
 keenest level it becomes a matter of
 life and death. Yetf as is well kn.own
 the actual contest between individuals
 for real property or personal status is
 almost always strictly conventionalized.
 Fighting and bloodshed are superseded
 by mere threats of violence, and threats
 ill their turn are sublimated into dis-
 plays of magniScence and virtuosity.
 This is the world of bluff and status
 symbols. What takes place, in other
 words, is a contest for conventional
 prizes conducted under conventional

 rules. But the contest itself is no fan-
 tasyn for the losers- can forfeit the
 chance of posterity and the right to
 survive.

 26 MARCH 1965

 Conventionalized Rivalry and Society

 It is at this point that the hypothesis
 provides its most unexpected and strik-
 ing insight, by showing that the con-
 ventionalization of rivalry and the
 foundation of society are one and the
 same thing. Hitherto it has never been
 possible to give a scientific deSnition of
 the terms social and society, still less
 a functional explanation. The emphasis
 has always been on the rather vague
 element of companionship and brother-
 hood. Animals have in the main been
 regarded as social whenever they were
 gregarious. Now we can view the so-
 cial phenomenon in a new light. Ac-
 cording to the hypothesis the society
 is no more and no less tham the organi-
 zation necessary for the staging of con-
 ventional competition. At once it as-
 sumles a crisp definition: a society is an
 organization of individuals that is capa-
 ble of providing'conventional competi-
 tion among its members.

 Such a novel interpretation of some-
 thing that involves us all so intinzately
 is almost certain to be viewed at first
 sight a bit skeptically; but in fact one
 needs no prompting in our competitive
 world to see that human society is im-
 pregnated with rivalry. The sentiments
 of brotherhood are warm and reassur-
 ing, and in identifying society primarily
 with these we appear to have been un-
 consciously shutting our eyes to the
 inseparable rough-and-tumble of status
 seeking and social discrimination that
 are never very far to seek below the
 surface, bringing enviable rewards to
 the successful and pitiful distress to
 those who lose. If this interpretation is
 right, conventional competition is an in-
 separable part"of the substance of hu-
 man society, at the parochial, national,
 and international level. To direct it into
 sophisticated and acceptable channels is
 no doubt one of the great motives of
 civilized behavior; but it would be idle
 to imagine that we could eliminate it.

 A corollary of the hypothesis that
 deserves mention is the extension of
 sociality that it implies to animals of
 almost every kind whether they asso-
 ciate in Rocks or seek instead a more
 solitary way of life. There is no par-
 ticular difficulty of course in seeing
 for example, cats and dogs as social
 mammals individually recognizing the
 local and personal rights of acquaint-
 ances and strangers and inspired by
 obviously conventional codes of rivalry
 when they meet. In a d;:Serent setting,
 the territory-holding birds that join in

 the chorus of the spring dawn are

 acting together in social concert, ex-
 pressing their mutual rivalry by a con-
 ventional displar of exalted sophistica-
 tion and beauty. Even at the other
 extreme, when animals flock into com-
 pact and obviously social herds and
 schools, each individual can sometimes
 be seen to maintain a strict individual
 distance from its companions.

 Social Organization and Feedback

 We can conveniently return now to
 the subject of homeostasis, in order to
 see how it works in population control.
 Homeostatic systems come within the
 general purview of cybernetics; in fact,
 they have long been recognized in the
 physiology of living organisms. A simX
 ple model can be found in any thermo-
 static system, in which there must of
 course be units capable of supplying
 or withdrawing heat whenever the sys
 tem departs fromL its standard tempera-
 ture and readjustment is necessary. But
 one also needs an indicator device to
 detect how far the system has deviated
 and in which direction. It is the feed-
 back of this informatior} that activates
 the heating or cooling units

 Feedback is an indispensable element
 of homeostatic systems. There seems
 no reason to doubt that, in the control
 of population density, it can be effec-
 tively ?rovided simply by the intensity
 of conventional competition. Social ri-
 valry is inherently density-dependent:
 the more competitors there are seeking
 a limited number of rewards, the keener
 will be the contest. The impact of
 stress on the individuals concerned,
 arising from conventional competition
 and acting through the pituitary-adrenal
 system, is already fully established, and
 it can profoundly inRuence their re-
 sponses both physiological and be-
 havioral.

 One could predict on theoretical
 grounds that feedback would be spe-
 cially important whenever a major
 change in population density has to
 take place upsetting the existing bal-
 ance between demand and resources.
 This must occur particularly in the
 breeding season and at times of sea-
 sonal migrations. Keeping this in mind,
 we can obtain what we need in the
 way of background information by
 examining the relatively long-lived ver-
 tebrates, including most kinds of birds
 and mammals, whose individual mem-
 bers live long enough to constitute a

 1545

This content downloaded from 131.104.97.86 on Fri, 09 Nov 2018 17:41:18 UTC
All use subject to https://about.jstor.org/terms



 standing population all the year round.

 The hypothesis of course implies that

 reproduction, as one of the principal

 parameters of population, will be sub-

 ject to control-adjusted in magnitude,

 in fact, to meet whatever addition is

 currently required to build up the popu

 lation and make good the losses of the

 preceding year. Recruitment is a term

 best used only to mean intake of new

 breeding adults into- the population, and

 in that sense, of course, the raw birth

 rate xnay not be the sole and immediate

 factor that determines it. The new-

 born young have got to survive adoles-

 cence before they can become recruits

 to the breeding stock; and even after

 they attain puberty, social pressures

 may exclude them from reproducing

 until they attain a sufficiently high rank

 in the hierarchy. Indeed, there is evi-

 dence in a few species that, under

 sufficient stress, adults which have bred

 in previous years can be forced to

 stand aside.

 There are, in fact, two largely dis-

 {:inct methods of regulating reproduc-

 tive output, both of which have been

 widely adopted in the animal kingdom.

 One is to limit the number of adults

 that are permitted to breed, and this

 ts of co-urse a conspicuous result of

 adopting a territorial system, or any

 other system in which the number of

 permissible breeding sites is restricted

 The other is tc) influence the number

 of young that each breeding pair is

 conditioned to produce. The two meth-

 {>ds can easily be combined.

 What we are dealing with here is

 a part of the machinery for adjusting

 population density. What we are trying

 to get at, however, is the social feed-

 back ulechanism behind itl by which

 the appropriate responses are elicited

 from potential breeders.

 Birds generally provide us with the

 best examples, beca-use their size

 abundance, and diurnal habits render

 them the most observable and familiar

 of the higher animals. It is particularly

 easy to see in birds that social compe-
 tition is keenest just before and during

 the breediIlg seasonf regardless of the

 type of breeding dispersion any given

 species happens to adopt. Individuals
 may compete for and defend territories

 or nest sites) or in rarer cases they
 may engage in tournaments in an arena

 or on a strutting ground; and they may

 join in a vocal chorus especially eon-
 centrated about the conventional hours

 of dawn and dusk, make mass visits to

 1546

 colony sites, join in massed flights, and

 share in other forms of communal dis-
 plays. Some of these activities are more

 obviously competitive than others$ but

 all appear to be alike in their capacity
 to reveal to each individual the con

 centration or density level of the popu-
 lation within its own immediate area

 Communal Male Displays

 Some of these activities, like terri-
 torial defense, singing, and the arena
 displays, tend to be the exclusive con-

 cern of the males. It has never been

 possible hitherto to give a satisfactory

 functional explanation of the kind of

 communal male displays typified by the

 arena dances of some of the South

 American hummingbirds and mana

 kins, and by the dawn strutting of

 prairie chickens and sharptailed grouse.

 The sites they use are generally tradi-

 tional, cach serving as a commullal

 center and drawing the competitors
 from a more or less wide surrounding

 terrain. On many days during the

 long season of activity the same as-

 sembly of males may engage irl vigor-

 ous interplay and mutual hostility,

 holding tense dramatic postures for an

 hour or more at a stretch without a

 moment's relaxationS although lthere is

 no female anywhere in sight at the
 time. The local females do of eourse

 come at least once to be £ertilized;
 but the performance makes such de
 mands on the time and energy of the

 males that it seems perfectly reasonable
 to assume that this is the reason why
 they play no part in nesting and raising

 a family. The duty they perform is

 presumably importants but it is siinply
 not credible to attribute it primarily to

 courting the females. To anyone look

 ;ng for a population feedback device,
 on the other hand, interpretation would
 present ne difficulty: he would presume

 that the males are being conditioned or

 stressed by their ritual exert;ons. In
 some of the arena species sotne of the

 males are known to be totally excluded

 from sexual intercourse; but it would
 seem- that the feedback lnechanism
 could produce its full effect only if it

 succeeded in limiting the number of

 females fertilized to an appropriate

 quota a£ter which the males refused

 service to any still remaining unfertil-

 ized. I hope research may at a not-too-

 distarlt date show us whether or not

 such refusal really takes place

 The conclusion that much of the

 social display associated with the breed-

 ing season consists of males competing

 with males makes necessary a reap-

 praisal of Darwinian sexual selection.

 Whether the special organs developed

 JFor display are confined to the males,

 as in the examples we have just con-

 sidered, or are found in both sexes,

 as for instance in nlost of the colony-

 nesting birds, there is a strong indica-

 tion that they are Srst and foremost

 status symbols, used in conventional

 competition, and that the selective proc-

 ess by which they have been evolved is

 social rather than sexual. This would

 account for the hitherto puzzling fact

 that, although in the mature bullfrog

 and cicada the loud sound is pro

 duced by the males, in both cases it is

 tlae males that are provided with extra-

 large eardrums. There does not seenl

 much room for doubt about who is dis-

 playing to whom.

 Communal displays are familiar also

 in the context of bird migration, espe-

 cially in the massing and maneuvering

 of flocks before the exodus beginse

 A comparable buildup of social excite-

 ment precedes the migratory flight of

 locusts. IndeedS what I have elsewhere

 defined as epideictic phenomena dis-
 plays, or special occasionsS which allow

 all the individuals taking part to sense

 or become conditioned by population

 pressure-appear to be very common

 and widespread in the animal kingdom.

 They occur especially at the times pre-

 dicted, when feedback is required in

 anticipation of a change in population

 density. The singing of birds the trill-

 ing of katydids crickets, and frogs,

 the underwater sounds of fish and the

 ilashing of fireflies all appear to per-

 form this epideictic function. In cases

 where, as we have just seen, epideictic

 behavior is confined in the breeding

 season to the male ses, the presumption

 is that the whole process of control-

 lillg the breeding density and the re

 productive quota is relegated to the

 males. Outside the breeding seasonS

 when the individuals are no longer

 1lnited in pairs and are all effectively

 neuter in sex all participate alike in

 epideictic displays-in flighting at sun-
 downS like ducks; in demonstrating at

 huge communal roosts at dusk, like

 starlings grackles, and crows; or in

 forming premigratory swarms, like

 swallows. The assumption which the

 hypothesis suggests, that the largest

 sector of all social behavior must have
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 this fundamentally epideictic or feed-

 back function, gives a key to under-

 standing a vast agglomeration of ob-

 served animal behavior that has hith-

 erto been dubiously interpreted or has

 seemed altogether meaningless.

 Maintaining PopuIation Balance

 Having outlined the way in which

 social organization appears to serve in

 supplying feedback, I propose to look

 again at the machinery for making ad-

 justments to the population balance.

 In territorial birds, variations in the

 average size of territories from place

 to place and year to year can be shown

 to alter the breeding density and prob-

 ably also the proportion of adults ac-

 tually participating in reproduction. In

 various mammals the proportion of the

 females made pregnant, the number

 and size of litters, the survival of the

 young and the age at 7hich they ma-

 ture may all be influenced by social

 stress. Wherever parental care of the

 young has been evolved in tlle animal

 kingdom, the l?ossibility exists that ma-

 ternal behavior and solicitude can be

 affected in the same way; and the com-

 monly observed variations in survival

 rates of the newborn could, in that

 case, have a substantial functional com-

 ponent and play a significant part in

 regulating the reproductive output. This

 would, among other things, explain

 away the erligma of cannibalism of the

 young, which we noticed earller in the

 guppies and which occurs sporadically

 all through the higher animals. Infanti-

 cIde played a conspicuous part in re-

 ducing the eSective birth rate of many

 of the primitive human peoples that

 survived into modern times. IVot in-

 frequently it took the form of abandon-

 ing the child for what appeared to; be

 commendable reasonsS without involv-

 ing an act of violence.

 Reproduction is of course only one

 of the parameters involved in keeping

 the balance between income and loss

 in populations. The homeostatic ma-

 chinery can go to work on the other

 side of the balarlce also, by influencing

 survival. Already, in considering the

 recruitment of adults, we have taken

 note of the way this can be affected

 by juvenile mortality, sonle of which

 is intrinsic in origin and capable of

 being promoted by social pressures.

 Conventional competition often leads

 to the exclusion of surplus individuals

 2& MARCH 1965

 from any further right to share the

 res{>ut ces of the habitat, and this in

 turn compels them to emigrate. Re-

 search conducted at Aberdeen in the

 last 8 years has shown how important

 a factor forced expulsion is in regu-

 lating the nunlbers o.f the Scottish red

 grouse. Every breeding season so far

 has produced a population surplus, and

 it is the aggressive behavior of the

 dominant males which succeeds in driv-

 ing the supernumeraries away. In this

 case the outcasts do not go far; they

 get picked up by predators or they

 .mope and die because they are cut o}S

 from their proper food. Deaths from

 ?redati.on and disease can in fact be

 substantially "assisted5 under social

 stress.

 On the income side therefore, both

 reproductive iIlput a.nd the acquisition

 of recruits by immigration. appear to

 be subject to social regulation; and on

 the loss sideS emigration and what can

 be described as socially induced mor-

 tality can be simiIarly affected. Once

 more it appears that it is only the in-

 roads of DarwinSs ;'checks to increaseSS

 the agents once held to be totall.y re-

 sponsibl.e for population regulationS

 which are in fact uncontroliable and

 have to be balancel out by manipu-

 lation of the other four conlponents.

 Attention m.ust be drawn. to the in-

 timate way in which physlology and

 behavior are entwined in proviciing the

 regulatory machinery. It seems certain

 that the feedback of social stimulation

 acts on the individual through his er-

 docrine system, and in the case of the

 vertebrates, as 1: have said, this par-

 ticularly involves the pituitary and

 adrenalL cortes or its equivalent. Some-

 tin:es the individual's response is pri-

 marily a physiological one - for ex-

 amplee the inhibition of spermatogenesis

 or the accel.eration of growth; some-

 times it is purely behavioral, as in the

 urge to return to the breedi.ng site, the

 development of aggressiveness, or the

 demand for territory of a given size.

 But often there is a combination of

 the two - that is to say, a psychosomatic

 response, as when, for instance, the as-

 sumption of breeding colors is coupled

 with the urge to display.

 Sources of Controversy

 There is no need for me to empha-

 size that the hypothesis is controver-

 sial. But almost all of it is based on

 well-established fact, so that the con-

 troversy can relate solely to nlatters

 of interpretation. Examples have been

 given here which show the ability of

 the hypothesis to offer new and satis-

 fying interpretations of matters of.fact

 .where n.one could be suggested before.

 Some of these m.atters are of wide im-

 portance, like the basic function of

 social behavior; some are matters of

 everyday experience, like why birds

 sing at dawn. Very seldom indeed does

 the hypothesis contradict well-founded

 accepted principles. What,, then, are

 the sotlrces of controversy?

 These are really three in number, all

 of them importa.nt. The first is that

 the concept is very wide-ranging and

 comprehensive; this means that it can-
 not be simply proved or disproved by
 P . . . .

 perrormlng a c .eclslve experlment.

 There are of course dubious points

 where critical tests can be made, and

 research is proceeding, at Aberdeen

 among many other places, toward this

 end. Relevant results are constantly

 emerging, and at many points the hy-

 pothesis has been solidified and strength-

 ened since it was first formulated. On

 the other hand, there has been no

 cause yet to retract anything.

 The second source of controversy is

 that the hypothesis invokes a type of

 natural selection which is unfamiliar

 to zoologists generally. Social grouping

 is essentially a localizing phenomenon,

 and an. ani.mal species is normally made

 up of countless locaI populations all

 perpetuating themselves on their native

 scyil., exactly as happens in underdevel-

 oped and primitive conamunities of

 man. Social customs and adaptations
 rary from one local group to another,

 and the h.ypothesis requires that natural

 selection should take place between

 these groups, promoting those with

 m.ore effective social organizations while

 the less effective ones go under. It is

 necessary, in other words, to postulate

 that social organizations are capable of

 progressive evolution and perfection as

 entities irl theIr own right. The de-

 tailed arguments (5) are too complex to

 be presented here, but I can point out

 that intergroup selection is far from

 being a new concept: It has been

 widely accepted for more than 20 years

 by geneticists. It is almost impossible

 to demonstrate it experimentally be-

 cause we have to deal with something

 closely corresponding to the rise and

 fall of nations in hxstory, rather than

 with success or failure of single genes
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 over a few generations; it is therefore

 the time scale that prevents direct ex-

 periment. Even the comparatively rapid

 process of natural selection acting

 among individuals has been notoriously

 difficult to demonstrate in nature.

 The third objection is 1 think, by far

 the most interesting. [t is simply that

 the hypothesis does not apply to

 ourselves. No built-in mechanisms ap-

 pear to curb our own population

 growth or adjust our numbers to our

 resources. fIf they did so, everything I

 have said would be evident to every

 educated child and I should not be

 surveying it here. How is this paradox

 to be explained?

 The answer, it seems clearS is that

 these mechanisnls did exist in primitive

 man and have been lost, almost within

 historic times Man in the paleolithic

 stage, living as a hunter and gatherer,

 remained in balance with his natural

 resources just as other animals do un-

 der natural conditions. Generation

 after generation, his numbers under-

 went little or no change. Population

 increase was prevented not by physio-

 logical control mechanisms of the kind

 over a few generations; it is therefore

 the time scale that prevents direct ex-

 periment. Even the comparatively rapid

 process of natural selection acting

 among individuals has been notoriously

 difficult to demonstrate in nature.

 The third objection is 1 think, by far

 the most interesting. [t is simply that

 the hypothesis does not apply to

 ourselves. No built-in mechanisms ap-

 pear to curb our own population

 growth or adjust our numbers to our

 resources. fIf they did so, everything I

 have said would be evident to every

 educated child and I should not be

 surveying it here. How is this paradox

 to be explained?

 The answer, it seems clearS is that

 these mechanisnls did exist in primitive

 man and have been lost, almost within

 historic times Man in the paleolithic

 stage, living as a hunter and gatherer,

 remained in balance with his natural

 resources just as other animals do un-

 der natural conditions. Generation

 after generation, his numbers under-

 went little or no change. Population

 increase was prevented not by physio-

 logical control mechanisms of the kind

 found in many other mammals but only

 by behavioral ones, taking the form of

 traditional customs and ta.boos. A11

 the stone age tribes that survived into

 modern times diminished their eSective

 birth rate by at least one of three ritual

 practices-infanticide, abortion, and

 abstention from. intercourse. In a few

 cases, fertility was apparently impaired

 by surgery during the initiation cere
 . .

 monles. In many cases, marrlage was

 long cleferred. Mortality of those of

 more advanced age was often raised

 through cannibalism, tribal fighting,

 and human sacrifice.

 Gradually, with the spread of the

 agricultural revolution, which tended to

 concentrate the population at high den-

 sities on fertile soils and led by degrees

 to the rise of the townS the craftsman,

 and the merchant, the ol.d customs and

 taboos must have been forsaken. The

 n:leans of population control would

 have been inherited originally frona

 rllan's subhuman ancestors and among

 stone age peoples their real function

 was probably not even dimly discerned

 except lerhaps by a few individuals

 of exceptional brilliance and insight.
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 The continually expanding horizons and

 skills of modern man rendered intrinsic

 limitation of numbers unnecessary, and

 for 5,000 or 10,000 years the advanced

 peoples of the Western world and Asia

 have increased without appearing to

 harnz the world about them or en-

 danger its productivity. But the under-

 lying principles are the same as they

 have always been. It becomes obvious

 at last that we are getting very near

 the global carrying capacity of our

 habitat, and that we c>ught swiftly to

 impose some new, eSective, homeo-

 static regime before we overwhelm it,

 and the ax of group selection falls.
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 celerators were designed and built,

 more than three decades ago, they

 had a clear purpose. Apart from the

 quanta of light and gravitation, the

 only particles known to physicists were

 electrons and protons, and atomic

 theory explained their interactions. The

 accelerators were built to study nu-

 clear reactions, to enable protons and

 other nuclei to approach closely to

 nuclear Itargets, despite the fact that

 both projectile and target were posi-

 tively charged and thus repel one an-

 other. This prcygram led to the rapid

 development of nuclear physics. . . *

 TodayS physicists have given serious

 thought and study to the very large

 enterprise of building an acceleraitor

 in the range of several hundred to one

 thousand billion volts to explore struc

 ture in the range below 10-tS cm ix
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Abstract 

Adaptations are often spokcn of as ‘for the good of’ some entity, but what  is that  
cntity? Groups and species are now rightly unfashionable, so what  are we left with? The 
prevailing answer is DARWIN’S: ‘the individual’. Individuals clearly d o  not maximise their 
own survival so the concept of fitness had to be invented. If fitness is correctly defined in 
HAMILTON’S way as ‘inclusive fitness’ it ceases to matter whether we speak of individuals 
maximising their inclusive fitness or of genes maximising their survival. The two formulations 
arc mutually inter-translatable. Yet sonic scrious mistranslations are quoted from the litcra- 
ture, which have led their authors into actual biological error. The present paper blames the 
prevailing concentration on the individual for thcse errors, and advocates a reversion to 
the replicator as the proper focus of evolutionnry attention. A gene is an obvious replicator, 
but there are others, and the general propcrties of rcplicators are discussed. Defenders of the 
individual as the unit of selection often point to the unity and integration of the genome 
as expressed phenotypically. This paper ends by attacking even this assumption, not by a 
reductionist fragmentation of the phenotype, but, on the contrary, by extending it to include 
more than one individual. Kcplicators survive by virtue of their effects on the world, and 
these effects arc not restricted to one individual body but constitute a wider ‘extended 
phenotype’. 

Introduction 

Sociobiology is a name that has acquired irritating pretensions, bu t  we 
shall probably have LO learn to live with it. Whatever may have been E. 0. 
WILSON’S ( 1975) definition, the aspect of ‘sociobiology’ which has captured 
the imagination of biologists (other than the minority over-excited by political 
niisunderstaiiding) is a particular neo-Darwinian view of social ethology. WIL- 
SON sums this up in his first chapter, ‘The Morality of the Gene’, whcre he 
identifies the central problem of sociobiology as the problem of altruism, and 
gives as the answer: ‘kinship’. I would characterize the approach as the ‘self- 
ish gene’ approach to ethology, and I unhesitatingly name as its  founding 
genius W. D. HAMILTON. Not  only did HAMILTON (1964, 1971, 1972, 1975) 
supply the theory of inclusive fitness, bulwark of WILSON’S admirable new 
synthesis. JOHN MAYNARD SMITH has told us that HAMILTON (1967) was also 

1) Modified version of a lecture given in the plenary session on ‘Sociobiology’ a t  the 
15th International Ethological Conference, Biclefeld, 1977. 
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an inspirer of the concept of the evolutionarily stable strategy, which has been 
developed by MAYNARD SMITH et al. (1973, 1974, 1976) into another central 
plank of modern sociobiological theory (DAWKINS 1976 a). With acknowledg- 
ment to Konrad LORENZ’S well known tribute to Oskar HEINROTH, I would 
define sociobiology as the branch of ethology inspired by W. D. HAMILTON. 
But HAMILTON did not go far enough. Paradoxically, the logical conclusion 
to his ideas should be the eventual abandonment of his central concept of 
inclusive fitness. We should also move towards giving up the term ‘kin selec- 
tion’ as well as group selection and individual selection. Instead of all of these 
we should substitute the single term ‘replicator selection’. 

Evolutionary models, whether they call themselves group-selectionist or 
individual-selectionist, are fundan~entally gene-selectionist. They work within 
the population geneticist’s assumption that natural selection acts by changing 
the relative frequencies of alleles in gene pools. The thing which changes in 
evolution is the gene pool, and the things between which nature fundamentally 
selects are alternative alleles. But genes don’t literally float free in a pool, 
they go around in individual bodies and are selected by virtue of their effects 
on individual phenotypes. A biologist can count on a chorus of approving 
nods if he says that, in  the last analysis, selection works on ‘outcomes’: it is 
the whole individual that has to survive, the whole individual who faces the 
cutting edge of natural selection. Superficially sensible as this sounds, it can 
be called i n  question. Selection means differential survival, and the units 
which survive i n  the long run are not individuals but replicators (genes or 
small fragments of genome). They survive by virtue of their phenotypic out- 
comes, to be sure, but these are best interpreted not exclusively at  the individ- 
ual level, but in terms of the doctrine of the extended phenotype. Replicator 
selection and the extended phenotype will be discussed in the last two sections 
of this paper, after some preliminary matters have been dealt with. 

Individuals in their turn go around in larger units - groups and species. 
Some biologists have accordingly argued that inter-group selection is an im- 
portant cause of adaptive evolution (WYNNE-EDWARDS 1962). WYNNE- 
EDWARDS (1 977) has recently written : “The general consensus of theoretical 
biologists at present is that credible models cannot be devised, by which the 
slow march of group selection could overtake the much faster spread of self- 
ish genes that bring gains i n  individual fitness. I therefore accept their opin- 
ion”. But, whether or not we found models of group selection convincing, 
my point here is that in any case these models were always framed as special 
cases of gene-selection models. Inter-group selection and inter-individual selec- 
tion, and all the other levels reviewed by LEWONTIN (1970) and WICKLER 
(1 976), are different proximal processes whose claim to biological importance 
is judged on the extent to which they can be shown to correlate with what 
really matters - inter-allele selection. I believe it is often superfluous, and 
sometimes actually misleading, to discuss natural selection at  these higher 
levels. It is usually better to go straight to  the fundamental level of selec- 
tion among replicators - single genes or fragments of genetic material which 
behave like long-lived units in the gene pool. 

This amounts to a plea that the good example of population geneticists 
should be followed by those of us who want to discuss adaptation or function. 
We often wish to attribute ‘benefit’ to some entity. Thus an animal may be 
said to show parental care ‘for the good of the species’ or ‘for the good of 
its own fitness’. The first of these is almost certainly wrong (WILLIAMS 1966), 
the second right if fitness is correctly defined in HAMILTON’S way. But, in any 
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‘Unit of selection’ 

Individual 
Gene 

case, how much more compelling i t  is to say: ‘Genes which make individuals 
more likely to perform parental care than their alleles work for the survival 
of copies of themselves i n  the bodies of the young cared for.’ Or,  more briefly 
and generally, genes work for their own benefit, using individual bodies as 
their agents. We substitute the easily understood notion of survivul (gene 
survival) for the complex and difficult concept of fitness (individual fitness). 

Quantity maximized 

inclusive fitness 
Reptication 

Fitness 

I n  Herbert SPENCER’S (1864) day the fittest survived, and the ‘fittest’ 
were understood in the everyday sense of the most muscular, fleetest of foot, 
brainiest. For SPENCER, fitness was passed on because the individuals best 
fitted to their way of life survived to reproduce. Fitness was the capacity 
to survive, and survival was a prerequisite for reproductive success. It was 
only later that fitness started to meun reproductive success, and the fitness 
of an individual could hence, without contradiction, be said to be increased 
by sexually attractive characters which detracted from individual survival. 

Both in SPENCER’S sense, and in the sense of reproductive success, fitness 
was attributed to individuuls. But population geneticists developed an in-  
dependent usage of the word, and they applied it not to individuals but to 
genotypes at a locus. This made sense, because you can count the number 
of occurrences of a particular genotype, say Aa, in a population, relative to 
its alternatives at the same locus. An equivalent count in the next generation, 
followed by a normalizing division sum, leads to a direct quantitative estimate 
of the fitness of Aa relative to, say, AA and aa. This is quite different from 
the idea of individual fitness. You can’t count the number of times an individ- 
ual occurs in  a sexually reproducing population, for he only occurs once, 
ever. If you want to measure the ‘fitness’ of an individual you have to resort 
to something like counting the number of his fledged offspring. I n  the light 
of HAMILTON’S inclusive fitness concept we can now see that this is a very 
crude approximation. Offspring turn out to be only a special case of close 
genetic relatives with a high probability of sharing one’s own genes. 

HAMILTON’S rationale is best explained at  the level of genes. Thus parental 
care and sibling care both evolved because genes for such caring behaviour 
tend to be present in  the bodies of the  individuals cared for. B u t  HAMILTON 
expressed the idea at  the level of the individual: the individual works so as 
to niaxiniize his inclusive fitness. Inclusive fitness may be defined as that 
property of an individual organism which will appear to be maximized when 
what is really being maximized is gene survival. This is not his own defini- 
tion, but Dr.  HAMILTON allows me to say that it is the ideal inclusive fit- 
ness to which his actual concept was an approximation. Table 1 shows the 
two equivalent ways of expressing what happens in natural selection. 
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some serious mistranslations have appeared i n  the literature. Since, for reasons 
which I have given a t  length (DAWKINS 1976~1, following WILLIAMS 1966, 
pp. 22-25), I believe that the gene/replication formulation is to be preferred 
when there is any apparent conflict, I am prepared to say that these mis- 
translations have led their authors into actual biological error. Readers who 
do not accept this preference for replicator selection rather than ‘individual 
selection’ may a t  least agree that the following examples demonstrate con- 
fusion. As for outright error, the only disagreement should be over whether 
it is mine or the authors’ whom I quote. 

Confusion 

It is an important part of my case that the concept of individual fitness 
has proved itself to be actively misleading. It is therefore necessary that I 
demonstrate from the literature that people have been misled. I do not intend 
this in a carping or ungracious spirit. My case is against a fashionable con- 
cept, and the more distinguished the authors who have been misled, the 
stronger the indictment against the concept. 

The ordinary everyday usage of ‘fitness’ is so deeply ingrained that the 
special neo-Darwinian meaning is hard to get used to. Here is a distinguished 
American ecologist writing as recently as 1960. H e  first quoted WADDINGTON’S 
(1957) definition of survival in the modern sense: “. . . survival does not, of 
course mean the bodily endurance of a single individual . . . That individual 
‘survives’ best which leaves most offspring.” Then the eminent ecologist goes 
on: “Critical data on this contention are difficult to find, and it is likely 
that much new investigation is needed before the point is either verified or 
refuted.” H e  apparently thought that WADDINGTON was making a statement 
of fact about survival, whereas WADDINGTON was really defining survival 
in the new sense of individual fitness. No wonder this poor ecologist had 
such trouble grappling with mammary glands: “It would be extremely dif- 
ficult to explain the evolution of the uterus and mammary glands in mam- 
mals . . . as the result of natural selection of the fittest individual.” H e  goes 
on to recommend a group-selectionist interpretation. I think it  would be dis- 
courteous to regard his confusion as anything but a black mark against the 
concept of individual fitness. 

Here is another example of the trouble which can result from carelessly 
looking a t  adaptation in terms of individual benefit. It is often pointed out 
that some coefficients of relationship are exact while others are probabilistic. 
For instance the coefficient between brothers is I / ? ,  but this “is an average 
figure: by the luck of the meiotic draw, it is possible for particular pairs of 
brothers to share more or  fewer genes than this. The relatedness between parent 
and child is always exactly I/?’’ (DAWKINS 1976a, p. 98). GIBSON (1976) cor- 
rectly stated this point, but then went on to draw an incorrect inference. 
She supposed that an adult might invest i n  a son rather than in a fu l l  sibling 
because nature might prefer “a sure thing (relatedness = 0.5 as in the case 
of the son) to gambling (average relatedness = 0.5 as in the case of the 
siblings)”. But only an individual could see the son as a ‘sure thing’. From the 
point of view of a single gene determining parental or brotherly behaviour, 
the son is no more a sure thing than the brother: both are gambles with 50 % 
odds (DAWKINS (1976b). 

FAGEN (1976) made a similar mistake in the course of worrying about 
something called the ‘doting grandparent problem’. The number of a grand- 
parent’s genes inherited by a given grandchild is ‘/J, but only on average. 
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Some grandchildren will inherit more than l / 4  of the grandparent’s genome, 
others less. So, the author reasoned, “grandparents should tend to detect and 
favour those grandchildren having a disproportionate number of grandparen- 
tal genes . . . physical resemblance of grandchildren to grandparents should 
serve as an important releaser of doting (and is expected to lead to  endless 
discussions of ‘grandpa’s chin’ or ‘grandma’s eyes’).” The fallacy is again 
easily seen. What matters is the replication of the gene or  genes which make 
for doting. As PARTRIDGE and NUNNEY (1977) have pointed out, unless there 
is genetic linkage between genes for chins and genes for doting, grandpa 
should behave as if  completely indifferent to whether any given grandchild 
has inherited his chin. In practice, linkage effects and uncertainty about 
whether an individual is a grandchild at  all could lead to FAGEN’S being right, 
but if so it would be for the wrong reason. FAGEN, like GIBSON, was misled 
by the following mathematical equivalence. The coefficient of relationship 
between two relatives is equivalent to two things. It is the average pronovtion 
of the genome of one which is shared by the other. It is also the probability 
that a given gene in one will be identical by descent with one in the relative. 
What matters is this probability. The proportion is merely incidentally equiv- 
alent, bu t  all too often it is what people think in terms of. 

I am grateful to L. PARTRIDGE for calling my attention to the last ex- 
ample, and to  P. J. GREENE for showing me yet a third example of the same 
error in a paper devoted to ‘exact versus probabilistic coefficients of relation- 
ship’ (BARASH et al. 1978). In this paper, FAGEN’S fallacy is repeated, but in 
a more stark and general form. More general because it makes the same point 
about relationships other than the grandparental one, and more stark because 
here it is not possible to save the argument by special pleading about linkage, 
pleiotropy, or  detectability of relationshitx Thus  FAGEN could defend 
grandpa’s chin by pointing out that it could help grandpa to decide whether 
a particular child was really his grandchild at  all, or  by suggesting that the 
genes controlling facial appearance might be linked to  the genes for grand- 
parental altruism. BARASH et al. have no such defence, since they were me- 
cificallv concerned to  emphasize the difference between exact and probabilis- 
tic coefficients of relationship, and the arguments about linkage etc. apply 
regardless of this distinction. 

Now I want to mention a more subtle and important source of mis- 
understanding resulting from the individual fitness point of view. I refer to 
the so-called cost of meiosis. WILLIAMS (1971) has put it like this: ‘‘SuDnoSe 
there were two kinds of females i n  a poDulation; one produced monoploid, 
fertilizable eggs, and the other . . . dinloid eggs . . . each with exactly the 
mother’s genetic make-up. These parthenogenetic eggs would each contain 
twice as much of the mother’s genotype as is present in a reduced 2 n d  fertilized 
epz. Other things being equal, the parthenogenetic female would he twice as 
well represented in the next generation as the normal one. I n  a few genera- 
tions, meiosis and sexual recombination should disapDear . . . Meiosis is there- 
fore a way i n  which an individual actively reduces its genetic reDresentation 
in its own offwring . . . Sexual reDroAuction is analwous to a roulette game 
i n  which the player throws away half his chips at  each spin.” 

It is with particular diffidence that I criticize a quotation from one of 
DARWIN’S foremost heirs. I believe WILLIAMS’S expression of a cost of meiosis 
is misleading because the important question is not what happens to  the whole 
genome of a female, but what happens to the gene or genes determining 
sexuality versus asexuality (TREISMAN and DAWKINS 1976). By the way, to 

2. TirrpryAol., Bd. 47, Heft 1 5 
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avoid a mistake which has already appeared in the literature (BARASH 1976), 
I must hasten to agree with MAYNARD SMLTH and WILLIAMS (1976) that this 
does not mean there is no cost of sex. WILLIAMS (1975) is right to stress that  
the existence of sexual reproduction really is a huge paradox, but  it is not 
the same paradox as he originally said. A better expression of the true nature 
of the paradox is that of MAYNARD SMITH (1971), but Professor MAYNARD 
SMITH will agree with me that TRIVERS’S (1976) way of explaining it is easier 
to understand. The true cost of sex is an economic cost resulting from the 
fact that fathers usually do  not invest as much in their children as mothers 
do. Elsewhere I have gone into the nature of this cost, which I call the cost 
of paternal neglect (DAWKINS 1978), and which might more generally be 
called the cost of anisogamy. All that is relevant here is that  it is different 
from WILLIAMS’S cost of meiosis. We are misled into the formulation of a cost 
of meiosis because, once again, of the habit of thinking about individual fit- 
ness (genome survival) rather than gene survival. 

Table 2:  Probability that  a gene on a particular type of chromosome (row titles) will be 
identical by descent to a gene in a relative (column titles). Male sex assumed heterogametic; i f  

female heterogametic, reverse sex titles 

Here is an amusing little idea which would not occur to somebody who 
thought in terms of genome preservation rather than gene preservation. HAMIL- 
TON (1972) pointed out that, as far as a gene on an X-chromosome was con- 
cerned, its probability of being shared by two siblings of the homogametic 
sex was B/J, not the usual ‘ /e (see Table 2). For instance, in birds, a gene for 
brother to brother altruism, if i t  happened to be on an X-chromosome, should 
be favoured by the same strong selection pressure as would favour a gene 
for sister to sister altruism in a haplodiploid hymenopterous insect. This could 
favour the evolution of helping a t  the nest by elder brothers. HAMILTON 
modestly considered his idea too far-fetched to merit more than a paragraph, 
but  it has recently been rediscovered and expounded a t  greater length (WHIT- 
NEY 1976) as has a Y-chromosome version of the same idea (WICKLER 1977). 
The ‘green beard effect’ (DAWKINS 1976 a, p. 96) represents an extreme of this 
way of thinking. All these ideas, even if they appear far-fetched in practice, 
are perfectly respectable in theory, and you would never think of them if 
you based your ideas on individual fitness rather than on gene replication. 

One of the most pernicious consequences of the ‘individual selection’ 
viewpoint is the notion that explanations in terms of ‘kin selection’ are some- 
how unparsimonious. ZAHAVI (1975) saysof one of his own entertaining theories: 
“Such an interpretation may provide an alternative to other hypotheses which 
assumed complicated selective mechanisms, such as group selection or kin 
selection which do  not act directly on the individual”. When he says ‘act 
directly on the individual’ he must mean individual reproductive success, i.e., 
number of children and lineal descendants. H e  is implicitly using ‘kin’ to 
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refer to relatives other than offspring. WILSON (1975) incorporates this odd 
usage into an explicit definition, as I have criticized elsewhere (DAWKINS 
1976 a, p. 102). WOOLFENDEN (1975) similarly mars his discussion of Florida 
scrub jays helping at the nest by speaking of a ‘controversy about group or 
kin selection versus individual selection’. The literature contains many efforts 
to explain facts in terms of ‘individual selection’ without having to ‘resort’ 
to kin selection. Of course ‘resort’ is an entirely inappropriate verb. ‘Kin 
selection’ is not a distinct kind of natural selection, to be invoked only when 
‘individual selection’ cannot explain the facts. Both kin selection and individ- 
ual selection are logical consequences of gene selection. If we accept neo- 
Darwinian gene-selectionism, kin selection necessarily follows. There is, in- 
deed, no need for the term kin selection to exist, and I suggest that we stop 
using it. 

We round off this section, as we began it, with mammary glands. ‘ r . .  . 
mammary glands contribute to individual fitness, the individual in this case 
being the kinship group” (HULL 1976). WILSON (1975) goes so far as to define 
kin selection as a special case of group selection. But there is no ‘kinship 
group’ unless families happen to go around together - an incidental fact, 
not a necessary assumption. Individuals do not, in  an all or none sense, either 
qualify or fail to  qualify as kin. They have, quantitatively, a greater or less 
chance of containing a particular gene. If HULL must talk about individuals, 
the post-HAMILTON ‘individual’ in his sentence is certainly not a group. It is 
an animal plus of each sibling plus I/,, of 
each niece and grandchild plus of each second 
cousin . . . Far from being a tidy, discrete group, i t  is more like a sort of 
genetical octopus, a probabilistic amoeboid whose pseudopodia ramify and 
dissolve away into the common gene pool. We have reached the Darwinian 
equivalent of the Ptolemaic epicycles. It is time to go back to first principles. 
What really happens in natural selection? 

of each of its children plus 
of each first cousin plus 

Replicator Selection 

We may define a replicator as any entity i n  the universe which interacts 
with its world, including other replicators, in  such a way that copies of itself 
are made. A corollary of the definition is that at least some of these copies, 
in their turn, serve as replicators, so that a replicator is, at  least potentially, 
an ancestor of an indefinitely long line of identical descendant replicators. 
In practice no replication process is infallible, and defects in a replicator will 
tend to be passed on to descendants. If a replicator exerts some power over 
the world, such that its nature influences the survival of itself and its copies, 
natural selection, and hence progressive evolution, may occur through dif- 
ferential replicator survival. 

A DNA molecule is the obvious replicator. The mistakes which are made 
in its replication are the various kinds of gene mutation and also, since multi- 
cistron fragments of chromosome can qualify as replicators (see below), 
crossing over. The power which a gene exerts over its world is its influence 
on the synthesis of proteins which in  turn influence the embryonic develop- 
ment of phenotypes. Since the gene rides inside the body whose development 
it influenced, its own long-term future is affected by its  nature. 

BATESON (1978) has criticised the view that an animal is the genes’ way 
of niakiiig more genes by drawing an analogy which appears to  reduce the 
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idea to an absurdity. Birds build nests, and nests protect new growing birds. 
So you might as well say that a bird is a nest’s way of making new nests! 
But BATESON’S amusing analogy is a false one. A nest is not a true replicator 
because a ‘mutation’ which occurs in the construction of a nest, for example 
the accidental incorporation of a pine needle instead of the usual grass, is 
not perpetuated in future ‘generations of nests’. Similarly, protein molecules 
are not replicators, nor is messenger RNA.  

A gene in the nucleus of a germ-line cell is a replicator, but a sexually 
reproducing individual organism is not. It does not make copies of itself. It 
propagates copies of its genes, bu t  its genome is shredded to smithereens a t  
meiosis. Because individual bodies are big things that we can watch moving 
about in apparently purposeful ways, we focus our attention on them. We 
forget the lesson of August WEISMANN: organisms are but the transient engines 
of long-term gene replication. The qualities of a good replicator may be 
summed up in a slogan reminiscent of the French Revolution: Longevity, 
Fecundity, Fidelity (DAWKINS 1976 a, 1978). Genes are capable of prodigious 
feats of fecundity and fidelity. In  the form of copies of itself, a single gene 
may persist for a hundred million individual lifetimes. Some genes survive 
better than their alleles, which is what natural selection is all about. But 
neither individual organisms, whose copying fidelity is destroyed by meiosis, 
nor groups of individuals for similar reasons, deserve to be called replicators 
a t  all. 

Why ‘replicator selection’ rather than ‘gene selection’? One reason for 
preferring replicator selection is that the phrase automatically pre-adapts our 
language to cope with non-DNA-based forms of evolution such as may be 
encountered on other planets, and perhaps also cultural analogues of evolu- 
tion (DAWKINS 1976 a, pp. 203-215). The term replicator should be under- 
stood to include genetic replicators, but not to exclude any entity in the 
universe which qualifies under the criteria listed above. 

The other reason for avoiding ‘gene selection’ is that  we must not be 
forced into the position of saying that the single gene, in the narrow molecular 
biologists’ sense of cistron, is the unit of selection. The problem of what frag- 
ments of genome should be regarded as units of selection is discussed from 
time to time in  the mathematical genetics literature. The details are com- 
plicated and yet to be finally resolved (LEWONTIN 1974), but whatever con- 
clusions the geneticists come up with are of great importance to those of 
us who want to talk about adaptation. Here is one opinion: 

“It is clear chat when permanent linkage disequilibrium is maintained in 
a population, the higher order interactions are important and the chromosome 
tends to act as a unit. The degree to which this is true in any given system 
is a measure of whether the gene or the chromosome is the unit of selection, 
or, more accurately, what  parts of the genome can be said to be acting in 
unison” (SLATKIN 1972). 

Very well, if the geneticist says the chromosome functions as the unit 
of selection, so be it. The implication for whole-animal biology is that  under 
these conditions adaptations might be interpreted as ‘for the good of the 
chromosome’. This will not always be so, as SLATKIN indicates, and as TEM- 
PLETON, SING and BROKAW (1976) put it: 

“. . . the unit of selection is a function in part  of the intensity of selec- 
tion: the more intense the selection, the more the whole genome tends to hold 
together as a unit . . . Thus selection under a broad range of conditions seems 
to preferentially operate upon linked blocks of genes.” 
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So! Adaptation is sometimes for the good of the linked block of genes. 
By using the flexible word replicator, we can safely say that adaptation is 
for the good of the replicator, and leave it open exactly how large a chunk 
of genetic material we are talking about. One thing we can be sure of is that, 
except in special circumstances like asexual reproduction, the individual organ- 
ism is not a replicator. 

It is my contention that we should reserve the phrase ‘unit of selection’ 
for replicators, that is for entities which become either more or less numerous 
i n  the world as a result of selection. Replicators exert power over their world, 
and it so happens that ,  i n  the forms of life with which we are familiar, 
groups of replicators are to be found exerting this power via relatively dis- 
crete entities which we call individuals. Because these entities have a high 
degree of autonomy of behaviour and unity of structure, we are tempted to 
see them as the units of selection. But, for the reasons which we have seen, 
at  least where reproduction is sexual, this is misleading. Individual bodies are 
units of replicator power. They are not replicators. 

It is a remarkable fact that natural selection seems to have chosen those 
replicators that co-operate with each other, and go around in the large collec- 
tive packages which we see as individual organisms. This is a fact that needs 
explaining i n  its own right, just as the existence of sexual reproduction needs 
explaining in its own right. Such extreme ‘gregariousness’ of replicators may 
not be true of life all over the universe, just  as it probably was not true of 
the earliest forms of life on earth. I will not discuss it here, bu t  I have the 
hunch that something like game theory may be the right way to think about 
interactions between replicators. MAYNARD SMITH (1 974) has the right idea, 
bu t  he should increase the time he spends on replicator games rather than 
individual games (DAWKINS 1976 a, pp. 91-93). 

It has to be admitted that many biologists find attempts to dethrone the 
individual as the ‘unit of selection’ unsatisfactory. At one Ievel this shows 
itself as a kind of gut reaction: “What you say is all very well in theory. But 
when I am out in the field what I actually see is individuals. I don’t see a 
gene pool, I see animals. Each one has four legs, two eyes, and a skin round 
it. Each one has its own nervous system, and it behaves like a single coherent 
entity, as if  it had a single goal, not like a sort of federal democracy of re- 
plicators.” At a more profound level, no less biologists than Ernst MAYR (1963) 
and E. B. FORD (1975) have poured scorn on the idea of the gene, rather than 
the individual, as the unit of selection. Incidentally, MAYR’S attack had the 
additional merit of provoking a splendidly spirited ‘defence of beanbag 
genetics’ from J. B. S. HALDANE (1964). I really do think the argument is 
based on a misunderstanding. I have no trouble at  all in enthusiastically 
endorsing all MAYR’S eloquently expressed views on the unity of the genome. 
Of course i t  is true that the phenotypic effect of a gene is a meaningless con- 
cept outside the context of many, or even all, of the other genes in the genome. 
Yet, however complex and intricate the organism may be, however much 
we may agree that the organism is a uni t  of function, I still think i t  is mis- 
leading to call it a unit of selection. Genes may interact, even ‘blend’, in their 
effects on embryonic development, as much as you please. But they do  not 
blend when it  comes to being passed on to future generations. I am not 
trying to belittle the importance of the individual phenotype in evolution. 
I am merely trying to sort out exactly what its role is. It is the all important 
instrument of replicator preservation : it is not that which is preserved. 
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Hesitantly, I will go further. It may be that, even in its role as the uni t  
of gene action, the importance of the single individual phenotype has been 
exaggerated. If the word phenotype is defined physiologically, it is of course 
true that the phenotypic expression of a gene is confined to the one body in 
which it sits. But if we focus our interest on adaptation, and regard the 
‘phenotypic expression’ of a gene as the power for its own preservation which 
it exerts over its surroundings, we are led to extend our view of what the word 
‘phenotype’ should mean. 

The Extended Phenotype 

There is a hidden assumption running right through the whole idea of 
individual and inclusive fitness. This is that the individual, to the extent that 
it behaves in the best interests of anybody’s genes, behaves in the best interests 
of its own (even if this means copies of its own genes in other individuals). 
There are rare cases of authors departing from this assumption. For instance 
ALEXANDER (1974), in his theory of parental manipulation, suggested that 
offspring should be expected to behave in the best interests of their parents’ 
genes rather than their own. I have argued that ALEXANDER’S main reason 
for expecting this is false (DAWKINS 1976a, pp. 145-149), and my verbal 
criticism has been confirmed in a mathematical model by PARKER and MAC- 
NAIR (1978). But although our refutation of ALEXANDER was justified within 
the framework of ordinary replicator selection theory, ALEXANDER’S idea 
starts to look a lot more exciting within the framework of the extended 
phenotype, which I am now about t o  lay out. I begin with an example. 

In the snail Limnaea peregra, the direction of coiling of the shell is con- 
trolled at  a single locus. It is a classic case of simple Mendelian inheritance, 
right-handed coiling being straightforwardly dominant to left-handed coil- 
ing. Classic and simple except in one remarkable respect: control is exerted 
not by the individual’s own genotype, but by its mother’s. As FORD (1975) 
puts it: “We have here simple Mendelian inheritance the expression of which 
is constantly delayed one generation. It was long ago suggested that this 
phenomenon may be a widespread one controlling the early cleavage of the 
embryo unt i l  its own genes can take charge.” 

So, a gene can find phenotypic expression not in its own body but in  
a body of the next generation. This is a particular example of the concept of 
the extended phenotype. Here the route of the influence is presumably mater- 
nal cytoplasm, and other such ‘maternal effects’ are known. But I want to 
apply the idea not just to mother and child but to influences on other members 
of the species, members of other species, even inanimate objects. If we can do 
this convincingly we shall no longer be justified in regarding an individual as 
a machine programmed to preserve its own genes. It may be programmed to 
preserve somebody else’s genes! 

For didactic reasons I use examples which extend the idea of the pheno- 
type gradually outwards in stages. Caddis larvae live in houses which they 
themselves build out of stones, twigs, or some other material. The form of 
the house is determined by the behaviour of the builder, and this in turn is 
presumably influenced by the builder’s genes. The evolution of caddis houses 
came about through ordinary replicator selection - gene selection. There is 
nothing difficult about a genetics of caddis houses. All the ordinary genetic 
terms, dominance, epistasis, etc., would be perfectly applicable to traits such 
as stone colour or stick length. Each gene exerts its influence via building 
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behaviour, of course, and before that via control of protein synthesis. When 
I say the stones of houses are part of the phenotypic expression of genes, all 
I have done is to add one, rather minor, link to the end of an already long 
and complicated embryonic causal chain. Strictly speaking it is differences 
i n  houses that are controlled by differences in genes, but differences, in  any 
case, are what geneticists study. 

I t  is easy to see a caddis house as part of the phenotype of genes, because 
the genes ride inside that house. It is the outer fortification of the body which 
they helped to build for themselves. It just happens to be made of stone rather 
than skin. The fates of the genes that built it are bound up inside the house 
that they built, just as i n  an ordinary body made of cells rather than stone. 
It is also easy to imagine a genetic account of variation in bower-bird bowers. 
The genes for bower building do not ride inside their bower. Nevertheless, 
their chances of being passed on to the next generation may depend critically 
on the success of the bower in  attracting females. The bower is part of the 
phenotypic expression of genes in the bird, and the success of the genes as 
replicators depends on their effects on the bower. So, we have seen that the 
phenotypic expression of a gene may extend to inanimate objects, and it may 
also extend outside the body in which it  sits. 

The genes of parasites do not ‘build’ the body of the host, bu t  they can 
manipulate it. There is a large and interesting literature on parasites which 
influence the behaviour of the hosts in which they ride (HOLMES and BETHEL 
1972). Sporocysts of flukes of the genus Leucochloridium invade the ten- 
tacles of snails where they can be seen conspicuously pulsating through the 
snail’s skin. This tends to make birds, who are the next host in the life cycle 
of the  fluke, bite off the tentacles, mistaking them, WICKLER (1968) suggests, 
for insects. What is interesting here is that the flukes seem to manipulate the 
behaviour 0; the snails. The normal negative phototaxis is replaced in infected 
snails by positive light-seeking. This probably carries them up  to open sites 
where they are more likely to be eaten by birds, and this benefits the fluke. 

I have so far used conventional ‘individual level’ language to describe 
this parasitic adaptation. The individual fluke is said to manipulate the behav- 
iour of the individual snail for its own individual advantage. But now I want 
to rephrase it i n  replicator language, i n  this case gene language. A mutation 
i n  the fluke can be said to have phenotypic expression i n  the snail’s body - 
it changes the snail’s behaviour. The route of this phenotypic expression is 
tortuous and indirect, but not more so than the normal embryological details 
of phenotypic expression in a gene’s ‘own’ body. We are quite accustomed 
to the idea that genes are selected for their distantly ramified phenotypic 
effects on their own body. I am saying that they may also be selected for their 
distantly ramified phenotypic effects on other bodies. 

Now of course selection also acts on hosts to make them resist manipula- 
tion by parasites. We expect counteradaptations on the part  of snails. Let 
us again move from the language of individuals to the language of replicators. 
Suppose a mutation arises i n  snails which restores negative phototaxis even 
in  the presence of a manipulating fluke, counteracting the tendency of the 
fluke gene to produce positive phototaxis. Both genes are acting on the same 
phenotype - the snail phenotype. They are pushing it in opposite directions 
but, once again, this is nothing new. We are already familiar with the idea 
of conflict between genes within a single body. This is often discussed in terms 
of so-called ‘modifier’ genes. Any gene may modify the phenotypic expres- 
sion of any other gene i n  the genome. A deleterious mutation is subject not 
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only to direct selection against itself. There may also be selection on other, 
modifier, genes, to reduce the phenotypic effects of the deleterious gene. 

For instance, imagine a mutant gene on a mammalian Y-chromosome. The 
argument would work if it was an ordinary segregation distorter (HAMILTON 
1967), but since it is a hypothetical gene we may dramatize its properties 
a little. Any individual possessing this hypothetical gene kills his own daugh- 
ters and feeds them to his sons. The death of the daughters is of no  con- 
sequence to the rogue Y mutant, since they never contain it. On  the other 
hand the sons all contain it, so the rogue Y gene will tend to spread very 
rapidly, and it might incidentally lead to the extinction of the whole popula- 
tion. But suppose modifiers arise on other chromosomes. These tend to neu- 
tralise the phenotypic expression of the rogue Y gene. The modifiers are 
carried not only by males themselves, but also by half the females whose 
lives they save. Depending on circumstances, such modifiers might therefore 
spread through the gene pool. HAMILTON (1967) has suggested that something 
like this may be why so few genes on Y-chromosomes seem to have any 
detectable phenotypic expression. From our point of view the message is 
this: there can be conflicts of interest between the replicators in one individ- 
ual’s genome, and among the weapons at  the disposal of a replicator is the 
modification of the phenotypic expression of another replicator. Now we can 
return to the fluke and the snail. The conflict between fluke genes and snail 
genes is no different from the conflict between genes within a single individual. 
In  both cases the genes are struggling for power over the phenotype. In both 
cases they modify the phenotypic expression of other genes. 

Fluke genes and snail genes ride inside the same body (though not inside 
the same cells). But, just as bower birds do  not live inside their bowers, so 
parasites do not have to live inside their hosts. A cuckoo nestling manipulates 
the behaviour of its foster mother. Once again I now switch from individual 
language to replicator language. If a mutation arises in a cuckoo which bright- 
ens the colour of its gape so that it acts as a supernormal stimulus to  a foster 
mother, the gene may be positively selected. The change in the behaviour of 
the foster mother is properly regarded as part of the phenotypic expression 
of the cuckoo gene. The parental behaviour of the foster mother is under the 
influence of many genes. Some of them are in her own body; some of them 
are in the cuckoo’s body. They are struggling to push her behaviour in opposite 
directions. If a mutant arises in the host gene pool which causes individuals 
to stop treating bright gapes as supernormal, such a counteradapting muta- 
tion might be selected. I would call it a modifier of the cuckoo gene’s pheno- 
typic effects. 

What we are talking about is power, replicator power. Those replicators 
survive which exert power over their world which leads to  their own survival. 
Phenotypic expression is the name we are giving to  the power of genes over 
their world and their future. The power of a gene within the body in which 
it sits is very considerable. Direct biochemical channels of power are available 
to it. No wonder we have got used to the idea that the phenotypic expres- 
sion of a gene comes to an end at  the wall of the individual body. Indeed, 
this makes very good sense if we are interested in physiological mechanisms 
in embryology. But if we are interested in adaptation, the logical conclusion 
to what I have been saying is that the whole world is potentially part of the 
phenotypic expression of a gene. It is only in practice that the power of a 
gene is limited to  its immediate neighbourhood. Maybe we have underestimat- 
ed the extended power of replicators. 
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The routes of power in the extended phenotype are less purely bio- 
chemical than the routes of power in  the conventional local phenotype. In the 
extended phenotype we must look to behaviour rather than biochemistry. The 
study of animal communication turns out to be a branch of extended embry- 
ology. The same may be said of relationships between parasites and hosts, 
predators and prey, indeed it may be said of most of ecology. Bird song is 
the way it is because selection has acted on the distant phenotypic effects of 
genes in singing males: effects on the behaviour of rivals and females (DAW- 
KINS and KREBS 1978). The peacock’s tail is not the terminal phenotypic ex- 
pression of the peacock‘s genes. It is only a way-station on the route to a 
more distant phenotypic expression in female behaviour. Genes in orchids 
express themselves phenotypically in the form of changes in bee behaviour, 
which result in the successful transference of pollen grains containing those 
same genes. 

I end with a little flight of fancy through the ways of the extended 
phenotype. What is it about termites that led them to evolve eusociality? They 
are not haplodiploid, so that good old explanation won’t do. HAMILTON’S 
(1972) inbreeding theory seems plausible enough. Other theories have invoked 
the termites’ need to congregate in order to infect themselves with symbiotic 
protozoa. But, for the sake of argument, let us use the protozoa in the service 
of a very different idea. The symbionts in a termite colony are usually an 
identical clone. They are very numerous, and may constitute up to a third of 
each individual termite’s body weight (RIETSCHEL and ROHDE 1974). They 
would seem to be in an excellent position to manipulate their host’s physiology. 
Who knows, perhaps it is the protozoan genes that are really running the 
termite nest, exerting phenotypic power over the behaviour of the termites, 
sterilizing the workers, making them behave eusocially. 

To  conclude: the replicator is the unit of selection. Adaptations are for 
the benefit of replicators. Individuals are manifestations of the power wielded 
by replicators over the world i n  which they live. The individual body is a 
convenient practical unit of combined replicator power. But we must not 
be misled by this parochial detail. In the light of the doctrine of the extended 
phenotype, the conceptual barrier of the individual body wall dissolves. We 
see the world as a melting pot of replicators, selected for their power to 
manipulate the world to their own long-term advantage. Individuals and 
societies are by-products. 

Summary 

‘Sociobiology’, i n  the sense in which the word has come to be used, may 
be defined as the branch of ethology inspired by W. D. HAMILTON. The time 
has come to carry his ‘selfish gene’ revolution to its conclusion, and give 
up the habit of speaking of adaptation at  the individual level. Group selec- 
tion, kin selection, individual selection, all may be swept away and replaced 
by replicator selection. Inclusive fitness is that property of an individual 
organism which will appear to be maximized when what is really being 
maximized is gene survival. The language of individual inclusive fitness is 
directly interchangeable with the language of gene replication, and i t  pays to 
learn to translate rapidly between the two languages. Examples are given of 
mistranslations in  the literature. These have led to actual biological error, 
and the inherent confusingness of the concept of individual fitness is blamed. 
All remains clear if we stick to  the language of replication. Genes are not the 
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only conceivable replicators, and some general properties of replicators are 
listed. Sexually reproducing individuals are definitely not replicators. Units 
of genetic material larger than cistrons may be. In general, adaptations should 
be thought of, not as for the good of the species, nor as for the good of the 
individual, but as for the good of the replicator. The last part of the paper 
develops the doctrine of the extended phenotype. Replicators such as genes 
manipulate their surroundings to their own advantage. Manifestations of such 
manipulation are called phenotypic. Conventionally, the phenotypic expres- 
sion of a gene is considered to be limited to the individual body in whose 
cells i t  resides. If we are interested in physiological mechanisms this makes 
sense. But if we are interested in adaptation it pays to make an imaginative 
leap and see the phenotypic expression of a gene as extending outside the 
individual body wall. The study of animal communication, and most of 
ccology, turn out to be branches of extended embryology. 

Zusammenfassung 

Nach dem heutigen Sprachgebrauch kann man ,,Soziobiologie" als den- 
jenigen Zweig der Ethologie definieren, der auf den Arbeiten von W. D. HA- 
MILTON beruht. Es ist an der Zeit, die logische Konsequenz aus HAMILTONS 
Ideen zu ziehen: Wenn wir das Konzept vom ,,egoistkchen Gen" akzeptieren, 
mussen wir uns abgewohnen, den Begriff der Anpassung auf dem individuel- 
len Niveau zu verwenden. Alle Vorstellungen von einer Selelrtion, die auf 
der Ebene der Gruppe, der Verwandtschaft (,,kin selection") oder des Indivi- 
duums angreift, konneii iiber Bord geworfen werden; sie werden ersetzt durch 
die Vorstellung der Keplikator-Selektion. Die Gesamt-Fitness (,,inclusive fit- 
ness") ist jene Eigenschaft eines einzelnen Organismus, die scheinbar maximiert 
wird, wenn es in Wirklichkeit auf das Oberleben des Gens ankommt. Die 
Sprache, die im Zusammeiihang mit der individuellen Gesamt-Fitness ver- 
wendet wird, ist unmittelbar gegen die Sprache der Genreplikation austausch- 
bar; es lohnt sich, ubersetzen zu lernen. Beispiele falscher Obersetzungen aus 
der Literatur werden aufgefiihrt. Solche Fehlubersetzungen haben zu bio- 
logischen Fehlern gefiihrt, und Schuld daran ist  die Tatsache, dai3 das Kon- 
zept der individuellen Fitness an sich verwirrend ist. Wenn wir konsequent 
die Sprache der Replikation beibehalten, ist  alles klar. Gene sind nicht die 
einzigen Keplikatoren, die man sich vorstellen kann; einige allgemeine Eigen- 
schaften von Replikatoren werden aufgefuhrt. Individuen, die sich sexuell 
fortpflanzen, sind mit Sicherheit keine Replikatoren; Einheiten genetischen 
Materials, die mindestens ein Cistron umfassen, konnen es uiiter Umstanden 
sein. Allgemein darf man den Vorteil einer Anpassung nicht in  ihrer Wirkung 
auf die Art oder das Individuum suchen, sondern in ihrer Wirkung auf den 
Replikator. 

Im letzten Abschnitt der Arbeit wird die These vom erweiterten Phuno- 
t y p  vorgestellt. Replikatoren, z. B. Gene, manipulieren ihre Umwelt zu ihreni 
eigenen Vorteil. Der Effekt solcher Manipulation wird als phanotypische Aus- 
pragung bezeichnet. Oblicherweise stellt man sich vor, dai3 sich ein Gen nur 
in demjenigen individuellen Korper phanotypisch auspragt, in dessen Zellen 
es sitzt. Diese Betrachtungsweise ist dann sinnvoll, wenn wir an physiologischen 
Mechanismen interessiert sind. Interessieren wir uns jedoch fur  Anpassungen, 
so lohnt sich ein unkonventioneller Gedankengang: Man stelle sich vor, daf3 
die phiinotypische Auspragung eines Gens uber den Korper des Individuums 
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hinausreicht. Das Studium tierischer Kommunikat ioi i  und de r  groi3te Teil der  
Cikologie erweisen sich dann  als Teilgebiete einer erweiterten Embryologie. 
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 unusually clear exposition of the mech-
 anisms and processes of evolution, with an
 emphasis on the consequences for be-
 havior. In the final chapter, he suggests that
 we are indeed exceptions, and presents a
 novel interpretation of conscious foresight
 and culture.

 As Robert Trivers states in the foreward,
 " . Darwinian social theory gives us a

 glimpse of an underlying symmetry and
 logic in social relationships ...." The first
 ten chapters of The Selfish Gene are lucid
 and entertaining, providing an accessible
 yet rigorous introduction to extensions of
 Darwinian theory. It has been written at a
 level appropriate for general readers and
 students who are investigating a new per-
 spective. The book contains a comprehen-
 sive bibliography, and in most instances,
 the appropriate references are made within
 the text (one exception concerns the uncer-
 tainty of paternity, which was first treated in
 detail by Richard Alexander).

 The general topics covered begin with a
 nontechnical discussion of genetics, lead-
 ing to a treatment of sexual reproduction,
 parental investment, and sexual asymme-
 tries. Kin selection, reciprocal altruism, and
 evolutionarily stable strategies follow
 smoothly from the previous chapters. Un-
 derlying the presentation is the innovative
 theme that the body is simply a survival
 machine for genes.

 Genes are competing directly with their
 alleles for survival, since their alleles in
 the gene pool are rivals for their slot on
 the chromosomes of future generations.
 Any gene which behaves in such a way as
 to increase its own survival chances in
 the gene pool at the expense of its alleles
 will, by definition, tautologously, tend to
 survive. The gene is the basic unit of self-
 ishness. [Pp. 38-39]

 The final chapter introduces the new con-
 cept of the "meme" (unit of imitation) and
 its implications for cultural evolution.

 All of these topics are covered com-
 prehensively in a clear style, with an em-
 phasis on behavior rather than morphology.
 The book can be highly recommended to
 anyone interested in the implications of
 evolution theory for the study of behavior
 and sociality. Further, it provides a strong
 and provocative background for a wide
 variety of specific areas, such as family and
 kinship, race and ethnic relations, age and
 gender differentiation, women's studies,
 and socialization. Indeed, it is difficult to

 imagine a field which is not ultimately sus-
 ceptible to new insights from this perspec-
 tive. The focus of this review is limited to a
 few key issues which are of especially great
 potential to sociologists, and to a very few
 passages which might confuse the naive
 reader.

 Throughout, the reader is reminded that
 the key question is "What effect will this
 characteristic have on frequencies of genes
 in the gene pool?" (p. 48). In answering
 this question with regard to behavior, Daw-
 kins deftly handles the issue of apparent
 purposiveness. That is, when we see an
 animal "searching" for food or a mate, it is
 not necessary to impute to it conscious
 goal-directed behavior. He presents a strik-
 ing illustration: the Watt steam governor
 (also any thermostat) operates "as if it de-
 sires" a particular output, whereas it is
 simply a mechanical negative feedback sys-
 tem, with no conscious motivation. The use
 of heuristic devices such as metaphors is
 acknowledged, and Dawkins usually point-
 edly returns to more orthodox terminology
 when necessary. For example, immediately
 following a discussion of the rare recessive
 albino gene, and the question of whether
 albinos should be nice to each other, he
 states that

 in order to see why not, we must tempo-
 rarily abandon our metaphor of the gene
 as a conscious agent, because in this
 context it becomes positively misleading.
 We must translate back into respectable,
 if more longwinded terms. [P. 96]

 However, the metaphor of "the" gene is
 used a bit loosely, and with less effort to
 remind the reader that it is, after all, a
 metaphor. It is apparent from the discus-
 sion of the Rothenbuhler experiments with
 the hygienic bees that even complex be-
 haviors can in fact be under single gene
 control. But single gene control is not
 necessary for evolution theory to be rele-
 vant, and the following passage may be
 especially misleading:

 All you have to concede is that it is
 possible for a single gene, other things
 being equal and lots of other essential
 genes and environmental factors being
 present, to make a body more likely to
 save somebody from drowning than its
 allele would. [P. 66]

 It is sufficient, and probably more accurate,
 to suggest that some combinations of
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 genes make a particular behavior more
 likely than do other combinations.

 Early in the book, Dawkins stresses the
 importance of the genetic component of
 differences. To use his example, leg length
 is obviously determined by a host of ge-
 netic and environmental factors. However,
 some differences in leg length might be
 due entirely to genetic differences, and it is
 precisely these genetic differences which
 are significant in evolution.

 The one instance where Dawkins does
 lapse into teleological terminology is his
 discussion of mimicry. The reader may not
 fully understand that mimics do not "try" to
 imitate their models; rather, some accident
 of mutation and/or recombination resulted
 in characteristics which were subsequently
 selectively favored.

 Kin selection (differential treatment of in-
 dividuals, in proportion to the average de-
 gree of genetic relationship) has become a
 dominant framework in which to view the
 evolutionary bases of social behavior. The
 theory flows clearly from the earlier sec-
 tions on genetics and reproduction. William
 D. Hamilton formalized the precise genetic
 relationships between relatives, and the
 crucial point emphasized by Dawkins is that
 there is no clear distinction between family
 and non-family: it is rather a matter of the
 proportion of genes shared through com-
 mon descent with another individual. This
 proportion can vary from zero to one. Re-
 ciprocal altruism (reciprocity between
 those not closely related) is thoroughly
 covered, including a discussion of the po-
 tential for cheating, and the ability to detect
 it.

 Especially powerful for the analysis of
 social behavior is Maynard Smith's concept
 of an evolutionarily stable strategy (ESS),
 defined as "a strategy which, if most mem-
 bers of a population adopt it, cannot be
 bettered by an alternative strategy" (p. 74).
 Game theorists will recognize this as "Nash
 equilibrium." Dawkins suggests that

 the ESS will enable us, for the first time,
 to see clearly how a collection of inde-
 pendent selfish entities can come to re-
 semble a single organized whole. [P. 90]

 I question whether this is truly the first time
 such an analysis has been possible, but
 certainly it is an important concept with vir-
 tually unexplored implications for the study
 of social organization. He provides a cohe-
 rent explanation, and a strong theoretical
 foundation, with which to study either or

 both of two patterns of behavior: (1) stable
 polymorphisms, where relatively constant
 proportions of individuals behave in each
 of several possible ways, or (2) behavioral
 probabilities, where each individual alter-
 nates among several possible behaviors, in
 relatively constant proportions. The impor-
 tant idea here is that behavioral variation,
 be it among individuals or displayed by a
 single individual, can be studied as a stable
 collection.

 Extending the ESS concept from interac-
 tions between individuals to interactions
 between genes within individuals, Dawkins
 states that "the gene pool will become an
 evolutionarily stable set of genes, defined
 as a gene pool which cannot be invaded by
 any new gene" (p. 93). This differs from
 standard ESS usage. As Dawkins makes
 clear in his earlier treatment, an ESS is
 definitionally immune to treachery from
 within; a new gene would constitute
 treachery from without, and no system can
 be guaranteed such immunity. It is pre-
 cisely such external treachery (in the form
 of mutation and recombination) which,
 along with environmental change, makes
 evolutionary change possible.

 The evolution of learning is a relatively
 unexplored area. The link to behavioral
 reinforcement theory is obvious from Daw-
 kins's discussion, and that intriguing link is
 yet to be elaborated.

 Dawkins explicitly states that he is "not
 advocating a morality based upon evolu-
 tion" (p. 3). What is need not be equated
 with what should be. Nevertheless, this ap-
 proach may stimulate our thinking about
 policy issues and the feasibility of various
 options.

 A final word of caution: the terminology
 might at times suggest that we have finally
 found the "meaning of life," that we are
 here for gene propagation. In fact, we are
 here because of gene propagation. And in
 the final pages of the book, Dawkins suc-
 cinctly states

 . . . when we say 'genes are trying to
 increase their numbers in future gene
 pools,' what we really mean is 'those
 genes which behave in such a way as to
 increase their numbers in future gene
 pools tend to be the genes whose effects
 we see in the world." [P. 211]

 Chapter 11, entitled "Memes: the new
 replicators," is deserving of separate treat-
 ment. Many social scientists will find com-
 fort here:
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 As an enthusiastic Darwinian, I have
 been dissatisfied with explanations which
 my fellow-enthusiasts have offered for
 human behaviour. They have tried to look
 for 'biological advantages' in various
 attributes of human civilization . ... The
 argument I shall advance, surprising as it
 may seem coming from the author of ear-
 lier chapters, is that, for an understand-
 ing of the evolution of modern man, we
 must begin by throwing out the gene as
 the sole basis of our ideas on evolution.
 [P. 205]

 The new replicator is to be called the
 "meme," or unit of imitation. Examples are
 tunes, ideas, and fashions. Dawkins is
 suggesting that a cultural trait spreads not
 because it is advantageous to either the
 group or to the individual, but rather be-

 cause it is advantageous to itself! "The idea
 of hell fire is, quite simply, self perpetuat-
 ing, because of its own deep psychological
 impact" (p. 212). I find it impossible to
 withhold an exclamation "But why?" in re-
 sponse to this mystical statement. Dawkins
 acknowledges this precise problem (why
 certain memes should have such psycho-
 logical appeal), and responds with the un-
 satisfactory reply that his critics beg as
 many questions as does he (p. 208).

 The value of the book is not to be found
 in this final chapter, although I anticipate
 that both the strongest advocates and the
 harshest critics of sociobiology will focus
 on this section. Rather, the immense con-
 tribution lies in Dawkins's extraordinary
 ability to communicate effectively the major
 themes which underly the evolutionary
 analysis of social behavior.

 Reply to Fix and Greene
 RICHARD DAWKINS

 Oxford University, England

 My purpose in writing The Selfish Gene
 was to take the exciting new ideas which
 are now revolutionizing my field of ethology
 and present them, as lucidly as I knew how,
 to anybody who would listen. Although I
 myself largely refrained from attempting to
 apply these ideas to man, I hoped that I
 might arouse the interest of others better
 qualified to do so. I therefore particularly
 appreciate the action of the editor of Con-
 temporary Sociology in commissioning two
 such thoughtful reviews of my book, and in
 inviting me to reply.

 Let me deal with minor points first. I
 thank Penelope Greene for pointing out
 Richard Alexander's priority over paternity
 certainty. I have written to apologize to Pro-
 fessor Alexander. I was pleased at Greene's
 noting my point that the theory of kin selec-
 tion makes no clear distinction between
 family and non-family. Since Sociobiology
 implicitly says the opposite, and since a
 heavy debt to W. D. Hamilton is the main
 thing Wilson's book and mine share, I am
 half amused and half annoyed when Ameri-
 cans describe The Selfish Gene as being
 about "sociobiology." I am glad too that
 Greene picks out my emphasis on Maynard
 Smith's "evolutionarily stable strategy."
 This important concept is all but ignored in
 Sociobiology and misunderstood in a der-

 vative student textbook. Alan Fix seems not
 to like the word sociobiology any more than
 I do, but I am not sure that his "genetic
 sociology" is any improvement. One prob-
 lem with both words is that Hamilton's self-
 ish gene theory is just as applicable to
 non-social plants and solitary animals as it
 is to social animals and humans. I shall
 eschew grand-sounding "-ology" words al-
 together and stay with "selfish genery."

 Coming to more substantial matters, it is
 natural that I should concentrate on Fix's
 relatively hostile review. This does not
 mean I think it is the more worthwhile of
 the two to read! Greene's perceptive criti-
 cisms are well taken, and her review antici-
 pates and answers many of Fix's problems.

 Fix begins by calling me an enthusiast

 striving to astonish and excite the reader. I
 accept the compliment gratefully, even if
 none was intended. He then takes me to
 task for "extreme" metaphors. Passing
 quickly over the question of what a non-
 extreme metaphor would look like, I have to
 say that in any case the lines he quotes
 were not intended as metaphor at all. With
 certain qualifications, I think of these
 statements as literal truth. And if this seems
 astonishing and science fiction-like at first,
 that is exactly what made it worthwhile to
 write a book about it. Take Fix's quotation
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 THE SELFISH GENE'

 MICIIAEL J. WADE

 Department of Biology, University of Chicago, Chicago, Illinois 60637

 Received June 15, 1977

 In this book Dawkins attempts to present an
 exposition of evolutionary theory which is ac-
 cessible and appealing to the general public on the
 one hand and painstakingly rigorous and en-
 lightening to the genetical expert on the other.
 If evolution in natural populations followed the
 paradigm developed by R. A. Fisher, he might
 have succeeded.

 Dawkins' evolutionary perspective, described
 early in the book (pp. 1-4), embraces the tra-
 ditional Fisherian worldview. Genes are favored
 or disfavored in natural selection on the basis of
 their net additive effects when averaged over all
 genetic backgrounds. "Trivial tiny influences on
 survival probability can have a major impact on
 evolution. This is because of the enormous time
 available for such influences to make themselves
 felt" (p. 4). Although an adaptation such as an
 opposable thumb may develop from the interac-
 tion of a group of genes, selection acts upon the
 net effect of each gene separately. Thus, large
 interacting groups of "selfish" genes are built up
 by the gradual addition or substitution of favor-
 able alleles at the loci in question.

 In large panmictic populations this is generally
 an accurate description of the evolutionary pro-
 cess and the influence of population structure,
 as developed in the "shifting balance theory of
 evolution" by Sewall Wright, can largely be
 ignored.

 However, Dawkins' "purpose is to examine the
 biology of selfishness and altruism" (p. 1). And,
 population structure plays a particularly im-
 portant role in the evolution of such social be-
 haviors. It is, thus, unfortunate that Dawkins
 strongly and repeatedly denies the existence of
 selection at levels higher than the gene or the
 individual. Citing primarily "tradition" and
 "parsimony," he even takes E. 0. Wilson to task
 for suggesting that kin selection is a form of
 group selection intermediate between individual
 and populational selection. Although Dawkins
 considers kinship theory to be one of the "most
 important contributions to social ethology," he
 claims that "kin selection is emphatically not a

 special case of group selection" (p. 102).

 It can be shown rather readily that kin selec-
 tion is a form of group selection. Let a represent
 a rare and dominant "altruistic" allele, which
 appears by mutation in a population of diploid
 organisms, and let A be the alternative allele at
 the locus in question. In order to examine the
 evolution of social interactions between individ-
 uals within families, assume also that all selective
 changes in gene frequency are due to the inter-
 actions of sibs. Specifically, let the altruistic
 individuals of genotype Aa incur a cost, c, by
 virtue of their altruism and let each of their sibs
 benefit by some amount, b, due to the presence of
 an altruistic sibling. Then, since a is rare, only
 families of AA X Aa parents need be considered.

 If such a mating produces N offspring, one
 expects N/2 of them to be non-altruistic indi-
 viduals of genotype AA and N/2 to be Aa
 altruists. The fitness of an altruist in this family
 will be

 1 - (cost of altruism) +
 (benefit received from other altruistic sibs)

 or

 1 - c + b(N/2 - 1).

 Similarly, the fitness of an AA non-altruist will
 be equal to

 1 + (benefit received from its altruistic sibs)

 or

 1 + bN/2.

 Clearly, the fitness of Aa altruistic individuals
 within families of this type is always less than the
 fitness of their nonaltruistic sibs. However, AA

 X Aa families, owing to the presence of the
 altruistic sibs, can have a higher average fitness
 than AA X AA families depending on the relative
 values of b and c. Therefore, individual se-
 lection within families always favors non-altruistic

 individuals whereas selection between families
 favors the evolution of altruism. (The model

 outlined here has been more fully developed else-
 where and leads to predictions identical to those

 of kinship theory.)

 This interaction between the levels of selection

 in the evolution of social behaviors is even

 clearer for the case of the nine-banded armadillos,

 which, according to Dawkins, are ideally suited
 for the evolution of strong altruism by kin selec-

 1 Dawkins, Richard. 1976. The Selfish Gene.
 Oxford University Press, New York and Oxford.
 224 pp. $8.95. (With Foreword by R. L,
 Trivers.)
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 tion. Since nine-banded armadillos are born in
 litters of genetically identical quadruplets, there
 is no genetic variation within families. There-
 fore, there can be no selection within families as
 a result of interactions between sibs. The hy-
 pothetical evolution of strong sib altruism in the
 nine-banded armadillo would have to occur by

 selection at the family level operating upon the
 between family variation for the appropriate be-
 haviors.

 Dawkins' misconception of the role of popula-
 tion structure in the evolution of social behaviors
 stems from his confusion of the effect of selection

 with the process of selection. He reasons as
 follows (chapter 3): Because evolution consists

 of changes in gene frequency and because genes

 persist unchanged longer than chromosomes,

 genomes, or gene pools, the gene must therefore

 be the unit of selection.

 Since genes reside on the chromosomes of in-

 dividuals, all forces which affect gene frequencies
 can be reduced to increments or decrements in

 the fitness of individuals as a matter of mathe-

 matical convenience. This reductionist approach
 (employed by Hamilton in his mathematical for-
 mulation of kinship theory), however, does not

 mean that all selective changes can be attributed
 strictly to selection at the genic level. The dif-

 ferential proliferation of the various units of pop-
 ulation structure can be the actual mechanism of
 gene frequency change. And, it is the variance
 between the units of population structure which
 determines the relative rates of gene frequency
 change caused by selection at any level. These
 aspects of population structure are of special
 interest in the study of the evolution of social
 behaviors because population structure per se can
 permit the evolution of traits which would be
 selected against in randomly mating and mixing
 populations.

 In addition to these shortcomings, many of
 Dawkins' arguments approach circularity as, for
 example, his discussion of why some male ele-
 phant seals win and hold harems. "Harem hold-
 ers tend to win these fights against would-be
 usurpers, if only for the obvious reason that that
 is why they are harem holders. Usurpers do not
 often win fights, because if they were capable of
 winning they would have done so before!" (p.
 173). In short, usurpers do not often win fights,
 because usurpers do not often win fights. I do
 not believe that arguments of this type can assist
 the average layperson in understanding the pro-
 cess of evolution by natural selection. Instead, I
 fear that arguments of this nature will add more
 anecdotes to that body of misconceptions known
 as the "common wisdom."

 MORPHOLOGY AND BIOLOGY OF REPTILES'

 MALCOLM JOLLIE

 Biological Sciences, Northern Illinois University, DeKalb, Illinois 60115

 Received May 25, 1977

 The new game plan calls for scientific results

 to be published in symposia. The rationale is that
 this plan brings together discussants of a more
 homogeneous type (it also controls who is in-
 vited). This symposium, like most, brought to-

 gether a diverse group and each discussant did

 his thing, returning home with the knowledge

 that his paper would appear in print. Thus,

 another clan gathering has been immortalized in

 a series of papers that give, at best, only lip

 service to the title. Special comment is not re-

 quired about the work of the editors, as usual

 Morpkology and Biology of Reptiles, edited
 by A. d'A. Bellairs and C. Barry Cox. Published
 for the Linnean Society of London by Academic
 Press, London and New York. xii, 290 pp., illus-
 trated, $31.75.

 the language is impeccable and British, if a bit

 off "centre" occasionally.
 The contributions of the 14 authors can be

 divided, but with difficulty, into a number of
 areas of interest. I would identify the following

 papers: two on temperature regulation and its

 function in reptiles, one on the relation between
 histology and physiology (endothermy), one on

 coevolution of angiosperms and reptiles, three

 stressing functional adaptations, five basically
 concerned with one aspect or another of system-

 atics, one purely morphological, and one un-
 identifiable as to purpose.

 One of the most interesting articles (to me)
 was that of Charig who argued that the "Dino-
 sauria" are not monophyletic, as suggested by
 Bakker and Galton. This is another paper that
 sings the merits of Hennigian phylogenetic sys-
 tematics but argues them well and honestly. This
 last refers to his recognition (p. 74) that, "There
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THE GROUP SELECTION 

CONTROVERSY: History and 

Current Status 

David Sloan Wilson 
Kellogg Biological Station, Michigan State University, 
Hickory Comers, Michigan 49060 

Introduction 
The study of group selection has had a remarkable history _ Prior to 1966 it was a 
widely accepted concept, supported by some of the most prominent evolution
ists of the day. It also had many prominent critics but, as with most major 
controversies, both sides threatened to persist indefinitely. Then, with the 
publication of Williams's Adaptation and Natural Selection (82), the concept 
of group selection was discredited. The fatal blow came, not from a crucial 
experiment, or even from a new theoretical development, but simply from the 
elegance and clarity of Williams's thought in interpreting developments of the 
previous three decades. 

For the next decade, group selection rivaled Lamarkianism as the most 
thoroughly repudiated idea in evolutionary theory. Then it mysteriously rose 
from the dead_ The modem version of group selection is supported by a variety 
of internally consistent and biologically plausible models. M. J. Wade and his 
associates (23,59,75,76,81) claim to have demonstrated it in the laboratory. 
R. K. Colwell and I (21, 22, 92) assert that biased sex ratios illustrate its 
operation in nature. As one author of a recent book review described the current 
status of group selection (68), "decent folk can again discuss it as a viable 
mechanism. " The choice of words aptly expresses the charged atmosphere that 
has surrounded the subject from the beginning. 

This review attempts to place the modem concept of group selection within 
its historical context. A historical perspective is important for several reasons. 
First, group selection is a fascinating example of how scientific questions arise 
from unscientific attitudes, and of how their development is often haphazard 
and unsystematic. Second, much of the recent debate over group selection 
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centers around the semantic question of whether these new models should, in 
fact, be called group selection. This question cannot be answered without an 
appreciation of history. Third, even though the modem concept of group 
selection lies squarely within the older tradition, fundamental differences do 
exist that must be emphasized. Finally, one of the most striking features of the 
"new" group selection is its relation to other major concepts, such as inclusive 
fitness, game theory, and reciprocity. In the past these have been treated as 
rival theories, with every effort being devoted to accentuating their differences. 
Now it is apparent that they can be united within a single framework and that far 
more is to be gained by emphasizing their similarities. This change in itself is a 
development whose history is worth tracing. 

The Verbal Tradition 

Discussions of group selection today center around the mathematical repre
sentation of the subject, which began with Sewall Wright (95). Most models, 
however, are attempts to clarify a more nebulous, preexisting verbal idea. 
Since no model captures the complexity of an intuitive notion, and since the 
people responsible for that notion have not always read or understood the 
mathematical models, there are actually two separate traditions that are only 
partially connected to each other. In the case of group selection, the verbal 
tradition can be traced far back to general notions of what constitutes adapta
tion. These ideas do not stem from any deep understanding of nature, but rather 
from attitudes about human society. No one has stated this fact better than 
Williams (82) himself. 

There is one respect, however, in which there is general agreement. Always when biotic 
adaptation is postulated, its immediate or ultimate effect is the improvement of the situation 
from a traditional aesthetic point of view. It is assumed that: a population of vigorous 
individuals under heavy predator pressure is better adapted than one that is sickly and 
chronically starved; a population that divides its resources into stable individual territories is 
better adapted than one in which there is a chaotic scramble for resources; a population in 
which territory or social position is held by threat-display and recognition by neighbors is 
better adapted than one that maintains the social structure by frequent combat with effective 
weapons; a population with stable density, stable age distribution, etc. is better adapted than 
one in which such factors fluctuate widely; a population with limited fecundity and low 
juvenile mortality rates is better adapted than one with high fecundity and high juvenile 
mortality rates; a popUlation in which old and dominant individuals regularly yield to 
promising youths is better adapted than one dominated by fecund but slowly displaced 
oligarchs; populations in which individuals, such as worker bees, often jeopardize their own 
well being for a larger cause are better adapted than those whose members consistently act 
only in their own immediate interests; those in which individuals normally live in peace or 
active cooperation and mutual aid are better adapted than populations in which open conflict 
is more in evidence; on the other hand, when active mutual destruction must take place, 
infanticide is preferable to the killing of peers. I submit that the only consistency found in 
such propositions is that they all conform to prevailing aesthetic concepts of what organisms 
ought to be like (82, p. 233) . . . .  
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There is a rather steady production of books and essays that attempt to show that Nature 
is, in the long run and on the average, benevolent and acceptable to some unquestionable 
ethical and moral point of view. By implication, she must be an appropriate guide for 
devising ethical systems and for judging human behavior. In some cases it would appear that 
"love thy neighbor" must stand or fali according to whether mutualism or parasitism is the 
more prevalent phenomenon. Attempts to demonstrate the benevolence of Nature often take 
the form of name changing. The killing of deer by mountain lions meant "nature red in tooth 
and claw" to a generation of "social Darwinists." To a more recent generation it has become 
Nature's kindness in preventing deer from becoming SO numerous that they die of starvation 
and disease. To Darwin himself there was a poorly defined "grandeur" to such processes. The 
simple facts are that both predation and starvation are painful prospects for deer, and that the 
lion's lot is no more enviable. Perhaps biology would have been able to mature more rapidly 
in a culture not dominated by Judeo-Christian theology and the Romantic tradition. It might 
have been well served by the First Holy Truth from the Sermon at Benares: "Birth is painful, 
old age is painful, sickness is painful, death is painful. ..... (82, p. 255). 

I agree wholeheartedly with Williams's assessment and would like to fonnal
ize it even a bit further. Every human society is full of opportunities for some 
individuals to gain at the expense of others. These opportunities include 
cooperative activities, in which gain is not necessarily proportional to sacrifice. 
Assuming, for the sake of argument, that humans are motivated largely by 
self-interest, then those who are in a position to gain at the expense of others 
will be tempted to do so and those in a position to be exploited will try to prevent 
it. This situation automatically creates two conflicting perspectives about how 
humans should behave. Although both perspectives spring equally from self
interest, their expression will probably be very different, since one by defini
tion is socially virtuous, while the other is not. Furthermore, if asserting that the 
exploitation of others is evil, sick, or unnatural helps to promote social virtues, 
then these views will certainly be expressed and defended, regardless of their 
factual content. The idea that selfishness is pathological should therefore be 
found even in societies that are governed entirely by self-interest. I doubt if this 
notion is confined to any religion or tradition, and I strongly suspect that it 
exists in all cultures. Indeed, the social climate that has surrounded the study of 
evolution from the beginning is probably most remarkable for its emphasis on 
individual selfishness (67). 

The conflicting perspectives of individual selfishness vs subservience to 
others are so pervasive among humans that it is hardly surprising that both 
found their way into evolutionary thinking and were originally stated as 
axioms. Thus individuals, groups of individuals, species, and entire ecosys
tems were all endowed with purposeful, organized behavior (3,17, 18,26-30, 
66,97-102; see 37,82 for additional references). MetaphOrically. the larger 
units were compared either to single individuals (the so-called superorganism) 
or to highly organized human societies (with "division of labor," and so on). 
As Williams notes. discussions on these topics very often were merely used 
to buttress the attitudes that had given rise to them. Even when these 
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discussions are ignored, however, a set of interesting and legitimate scientific 
questions remains. Whatever the mechanism, humans often unite into groups 
whose behavior is purposeful and organized and in which individual self
interest appears to be subordinated. Spectacular and unmistakable examples 
also exist in nature-in the social insects and in many mutualisms. In other 
words, group-level adaptations are a dominating feature of human life and they 
also exist in nature. It is as legitimate to seek their evolutionary roots as it is to 
investigate the roots of intelligence, learning, culture, aggression, parent
offspring relations, or any other subject pertinent to human behavior. 

To this day, individual- and group-level perspectives coexist as separate 
schools throughout the humanities, the social sciences, and even some bran
ches of ecology [e.g. ecosystem ecology (62,63)]. I presume they would have 
coexisted within evolutionary biology were it not for the acute problem that 
arises when the fate of a group-level adaptation is explicitly considered. Once 
again, I cannot improve Williams's (83) presentation of the problem. 

Suppose that in a certain city park, of a sort suitable for the nesting of robins, the 
population is being regulated in the manner envisioned by Wynne-Edwards .... Because it is 
effectively regulated in relation to the food resources provided by the park, this population 

will never overexploit its resources and is therefore likely to survive for a long time. . . . 
Therefore things are going well with the robins in our park, but suppose an individual appears 
in which the mechanisms of reproductive restraint are absent or less well developed than is 
normal. In times of increased numbers, when many of the the robins are dutifully neglecting 
to raise a family, the abnormal bird will be among the active breeders. It will produce more 
than its fair share of offspring, compared to the normal birds, and the behavioral abnormality 
will be more abundant in the next generation. When that generation reproduces, the same 
thing will happen again. Selection at the individual level will cause the popUlation to evolve a 
decreased level of control on its numbers. This will be true not only in one park hut in all of 
them, and even the best controlled populations would be evolving a loss of control. Selection 
among populations cannot cause evolution to go in one direction, when each of the 
populations is evolving in the opposite direction (83, p.ll). 

Stated more generally, if natural selection favors individuals that leave the 
most offspring, then individuals that benefit themselves at the expense of others 
should be very fit indeed. Individuals that benefit others, presumably at some 
expense to themselves, would be selected against as surely as if they had bad 
eyes or faulty teeth. Group-level adaptations might nonetheless exist, but their 
evolution is hardly axiomatic. Something more is needed than the simple rules 
that Darwin provided. 

The problem of explaining the evolution of group-level adaptations follows 
directly from Darwin's theory. The difficulty was not generally recognized, 
however, until the emerging discipline of population genetics brought it into 
sharp focus. Gleason (39,40; see also 60), for example, relied mostly on the 
weight of empirical observations to champion an individualistic concept of 
plant associations in opposition to Clements's superorganismic view (17, 1 8) .  
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To my knowledge, he never used the evolutionary argument that would be 
obvious to everyone today. Fisher (34), Haldane (42), and Wright (95), 
however, all emphasized that evolution within single populations could not 
explain group-level adaptations. Species evolving to avoid extinction and 
populations evolving to avoid overpopulation, require a very different mecha
nism than prey evolving to avoid predators. By the 1950's the superorganism 
school was still strong, but the need for a special evolutionary process was 
recognized. As Williams put it: 

It is universally conceded by those who have seriously concerned themselves with this 

problem that such group-related adaptations must be attributed to the natural selection of 
alternative groups of individuals and that the natural selection of alternative alleles within 

populations will be opposed to this development (82, p. 92). 

The Mathematical Tradition 

Since the primary objection to the evolution of group-level adaptations was 
stated in mathematical terms, a mathematical answer was required; most people 
looked to the work of Sewall Wright. A casual survey of major papers on group 
selection shows that 22 separate articles by Wright are cited. It is a curious fact, 
however, that only one of these articles (95) actually addresses the group 
selection problem, as Wright himself has recently pointed out (96). The others 
concern his shifting balance theory, in which a fragmented population structure 
is required for the selection of traits that, once evolved, are individually 
advantageous. 

Major treatments of group selection that do not cite the appropriate paper by 
Wright include Wynne-Edwards's Animal Dispersion in Relation to Social 
Behavior (97), Maynard Smith's "Group selection and kin selection" (56), and 
Lewontin's "The units of selection" (53). I certainly do not mean to accuse 
these authors of poor scholarship, and will cheerfully confess my own incogni
zance of history below. All scientists arrive at their ideas through unique 
pathways, and they seldom have time completely to review an idea's history. 
Nonetheless, it is important to recognize that the mathematical approach to 
group selection is polyphyletic and did not stem solely from the earliest paper 
on the subject. By my own reckoning, there were at least three independent 
derivations prior to 1972 whose similarities and differences must be kept in 
mind. 

WRIGlIT'S CONCEPT OF GROUP SELECTION Wright (95) represented the 
basic problem with the single-locus model shown in Table 1. The A 1 allele 
codes for a "socially advantageous" character that is "of value to the popula
tion, but disadvantageous at any given moment to the individuals" (95, p. 416). 
The fitness of individuals carrying this allele is reduced by a factor of (l-s) for 
heterozygotes and (1-2s) for homozygotes. The fitness of all genotypes is 
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increased by a factor (1 +bp), which is in direct proportion to the frequency of 
the AI allele (p). The term s therefore measures individual sacrifice, while the 
term b measures group benefit. It is simple to calculate changes in group size 
(N) and allele frequency after selection: 

MY = Np[b - 2s(1 +bp)] 

ap = -sp(1-p)/(1-2sp) 

1. 

2. 

The Al allele increases group size whenever b >2s/(1-2sp). Equation 2 is 
negative, however, and implies thatp will always tend towards zero. Thus the 
character does not evolve, even though the average individual would benefit by 
it. 

Two aspects of Wright's model should be stressed. First, notice that the 
fitness of AlAI and AIA2 genotypes can easily exceed a value of 1. In other 
words, the character can increase the organism's absolute fitness, yet still be 
selected against. Second, notice that the term for group benefit (b) does not 
even appear in the equation for allele frequency change. According to Wright's 
model, natural selection is totally insensitive to group benefit, no matter what 
its value. An analogy might be drawn with a person who buys a number of 
lottery tickets for himself and the same number of tickets for everyone else in 
the lottery. That person has not increased his chances of winning the lottery; if 
he buys more tickets for others than for himself, he will have actually reduced 
his chances, even though he may have a large number of tickets. Only by 
obtaining more tickets relative to everyone else can the person increase his 
chances of winning the lottery. This is nothing more than the concept of relative 
fitness, which forms the cornerstone of individual selection theory. In Wil
liams's words: "Every adaptation is calculated to maximize the reproductive 
success of the individual, relative to other individuals, regardless of what effect 
this maximization has on the population" (82, p. 160). 

Wright's model is an elegant formulation of the problem, but what about the 
solution? Wright pointed out that if many such popUlations existed whose 
frequency of the A I allele varied, then those with the highest frequency would 
grow the fastest, sending out the most dispersers to colonize new groups. In 
other words, the differential productivity and persistence of some groups 
relative to others favors the evolution of characters that increase the productiv
ity and persistence of groups. The process is exactly analogous to the differen
tial fecundity and survivorship of some individuals relative to others, favoring 
the evolution of characters that increase fecundity and survivorship of indi
viduals within groups. Indeed, the two processes are so similar that the terms 
group selection and individual selection are well deserved. 

Unfortunately, although Wright clearly visualized the nature of the solution, 
he only presented the briefest sketch of it. Major aspects of the population 
structure were not specified, which made it impossible to determine the relative 
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Table 1 Wright's (95) model for "socially advantageous" A I allele that benefits the group (b term) 
at the expense of itself (s term); the frequency of the A I allele is p 

Genotype Frequency 

p2 
2p(l - p) 
(l - p)2 

Selective value 

(l + bp)(1 - 2s) 
(1 + bp)(l - s) 
(l + bp) 

strengths of these two opposing forces. Wright merely concluded that "It is 
indeed difficult to see how socially advantageous but individually disadvan
tageous mutations can be fixed without some form of intergroup selection" (95, 
p. 417). Apparently, at that time the existence of such traits was not seriously 
questioned. Although Wright's treatment of the problem was brief and incom
plete, it (and the general corpus of his work) supported speculation for another 
20 years, culminating in Wynne-Edwards's (97) and Emerson's (30) extrava
gant claims that caused Williams (82) to write his rebuttal. 

WYNNE-EDWARDS'S CONCEPT OF GROUP SELECTION Wynne-Edwards 
(97) did not build a mathematical model of group selection himself, but later 
models were so heavily influenced by his verbal account that it constitutes a 
second derivation. 

There are a great many important characters of this kind, not only in animals but in 
plants also, that are in the nature of collective attributes, all possessing the common quality of 
contributing to the welfare and survival of the group as such, and when necessary subordinat
ing the interests of the individual. One of these is reproductive rate. . . . 

It has become increasingly clear in recent years, not only that animal (and plant) species 
tend to be grouped into more or less isolated populations ... but that this is a very important 
feature from an evolutionary standpoint . . . .  

Above all, the local stock conserves its resources and thereby safeguards the future 
survival of its descendents; and no such conservational adaptation could have evolved if the 
descendants did not normally fall heirs to the same ground. Thrifty exploitation today for the 
benefit of some randomly chosen and possibly prodigal generation of strangers tomorrow 
would make slow headway under natural selection. . . . 

Some such local groups may in practice maintain their identity for centuries, and even, 
as we shall see later, for thousands of years. Others are not so fortunate and suffer a constant 
turnover of colonisation and extinction, especially in the less permanent types of habitat. ... 
Survival is the supreme prize in evolution; and there is consequently great scope for selection 
between local groups or nuclei ... Some prove to be better adapted socially and individually 
than others, and tend to outlive them, and sooner or later to spread and multiply by colonising 
the ground vacated by less successful neighbouring communities .... 

Evolution at this level can be ascribed, therefore, to what is here termed group 
selection-still an intraspecific process, and, for everything concerning popUlation dyna
mics, much more important than selection at the individual level (97, pp. 19-20). 

Wynne-Edwards's concept of group selection differed from Wright's in at 
least two important ways. First, Wynne-Edwards clearly emphasized highly 
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persistent groups such as breeding colonies of shorebirds (97), although he also 
considered more ephemeral groups such as wood lice occupying separate tree 
trunks (98). Wright also envisioned multigenerational groups, but his emphasis 
was rather the reverse. Second, although both acknowledged the existence of 
many kinds of group-beneficial traits, Wynne-Edwards focused almost exclu
sively on population regulation. He imagined animals reproducing below their 
potential, so that the population does not go extinct. In contrast, the socially 
beneficial trait in Wright's model causes the population to grow faster, sending 
out more dispersers to colonize new groups. Wright therefore emphasized the 
differential productivity of groups while Wynne-Edwards stressed differential 
extinction. In retrospect, these two approaches can easily be united; groups that 
grow below their potential can ultimately produce more dispersers in the same 
way that birds who reduce their clutch size ultimately can produce more 
offspring. At the time, however, the difference in perspectives may have 
appeared more substantial. 

A large proportion of group selection models clearly bears the stamp of 
Wynne-Edwards's ideas (4, 7-9, 11,31,38,50,52, 103; see also 73,77). 
Most utilize a single-locus model with a fixed number of sites that groups may 
occupy. Within every group, the A2 allele increases in frequency, ultimately 
becoming fixed. The probability of extinction, however, is directly related to 
the frequency of theA2 allele; the relationship can be linear (e.g. 50), or it can 
be characterized by threshold effects (e.g. 38). When a group becomes extinct, 
its site is made available for colonization by dispersers from other groups. 
Dispersal is usually assumed to be independent of frequency. In other words, 
groups that are fixed for A 1 persist longer than groups containing A 2 alleles, but 
they do not produce more dispersers per unit time. Finally, extinction is caused 
only by the A2 allele. No groups go extinct and no new sites are created by 
external factors. 

These models have been evaluated many times (e.g. 57, 73, 77,93,94); the 
usual conclusion is that group selection is a significant force only for a narrow 
range of parameter values. My purpose here is merely to review the assump
tions of the models. 

MAYNARD SMITH'S CONCEPT OF GROUP SELECTION The publication of 
Wynne-Edwards's book (97) coincided with the emergence of Hamilton's 
inclusive fitness theory (43-45; relabeled kin selection by Maynard Smith in 
56). Because both predicted the evolution of so-called altruistic behavior that 
benefits others at the individual's expense, Maynard Smith (56) felt the need to 
clarify the difference between the two theories. To do this, he built a model of 
group selection, only to reject it himself. 

There is one special fonn of group selection which is worth considering in more detail .. 
. . To fix ideas, suppose that there exists a species of mouse which lives entirely in haystacks. 
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A single haystack is colonized by a single fertilized female, whose offspring fonn a colony 
which lives in the haystack until next year. At this time, mice migrate, and may mate with 
members of other colonies before establishing a new colony (56, p. 1146). 

Within each haystack, Maynard Smith considered a single-locus model in 
which the A 1 allele at fixation produces more dispersers than the A 2 allele that 
displaces it. The population structure that Maynard Smith envisioned is broadly 
consistent with Wright's model, but it is far better specified; it differs from 
Wynne-Edwards's concept in at least two important ways. First, groups are not 
driven to extinction by the A2 allele. Rather, all groups periodically dissolve 
and then form anew. Since each group's "lifetime" is fixed, the haystack model 
is based entirely on differential productivity, although the extinction of groups 
caused by the A2 allele could easily be incorporated. Second, although there is 
an unspecified number of generations within each haystack, mice from all 
haystacks can mate during the dispersal episode. In a sense, therefore, the 
groups envisioned by Maynard Smith exist within a single deme. The groups 

envisioned by Wynne-Edwards, on the other hand, are permanently isolated; 
indeed, they must be if the models derived from his concept are to work. 

While Maynard Smith's notion of groups was fundamentally different from 
Wynne-Edwards's, his haystack model also contains certain features that are 
puzzling in retrospect. For example, each of his groups is founded by a single 
fertilized female. Interactions are entirely among siblings during the first 
generation, among siblings and highly inbred cousins during the second gen
eration, and so on. Many people today would regard this as an example of kin 
selection, yet to Maynard Smith it was an example of group selection that was 
specifically constructed as a contrast to kin selection. As another example, each 
colonizing female represents a sample of four alleles-her own diploid set plus 
those of her mate. To simplify the mathematics, Maynard Smith assumed that if 
even one of these alleles is A 2, then the entire group becomes fixed for A 2 before 
the next dispersal episode. In other words, selection within groups is as strong 
as it can possibly be. The extent to which his conclusions are an artifact of this 
simplifying assumption will be discussed below. 

Although the three preceding versions of group selection differ in important 
ways, it is equally important to emphasize their similarities. 

1. All of the versions consider a number of local popUlations that together 
comprise a global population. Boorman & Levitt (8,9) consider groups on 
the boundary of a much larger central population, but they treat evolution 
only within the groups themselves. 

2. All of the versions consider an altruistic [Wright's (95) term was "socially 
advantageous"] allele that increases the persistence and/or productivity of 
the group, while declining in frequency within each group. Van Valen's 
(74) use of the term group selection to describe the evolution of dispersal is 
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the only exception. Since his interesting model concerns the individual 
advantages of dispersal, it might profitably be relabeled. 

3. Without exception, all of the models identify allele frequency change within 
groups as individual selection and the differential contribution of groups to 
the global population (whether through productivity or extinction) as group 
selection. 

4. Without exception, all of the models assume that initially, individuals are 

randomly distributed into groups. Genetic differences among groups are 
caused by sampling error and the closely related process of genetic drift; 
these differences can be large only if the groups are initiated by small 
numbers of colonists. Genetic variation among groups can conceivably be 
influenced by other factors, but these models do not consider them. This 
oversight led Wade (77) to suggest that they are overly restrictive in their 
assumptions. 

Lewontin's (53) influential paper could be considered a fourth, independent 
derivation of the problem. I do not consider it in detail because it does not 
contain a mathematical model and because it conforms closely to the common 
features of the three just discussed. 

INTRADEMIC GROUP SELECTION MODELS Starting in 1972, another 
approach to group selection was independently derived no less than five times 
(16,20,54,55,64,65,85), and a substantial literature on it has arisen (6, 19, 

32,47,69,70,72,73,80,86-90). Although the details of the analyses differ, 
all of them make the same basic assumptions. A representative example is 
provided in Figure 1. 

The model begins with a large global population and an A I allele at a 
frequency of p (p = .5 in Figure 1, Step A). Individuals then distribute 
themselves into local groups, much as the mice did in Maynard Smith's 
haystack model. The average frequency of A 1 in the groups is still p = .5, but p 
now varies among the groups, as shown in Figure 1, Step B. This variation can 
be random or otherwise, depending on the specific assumptions. 

Selection now operates within each group. Five representative groups that 
vary from p = .3 to p = .7 are show in Figure 1, Step C. The A t allele codes for 
a character that increases the size of the group, but nevertheless declines in 
frequency within each group. The models cited above employ a variety of 
fitness functions; Figure 1 uses Wright's model (Table 1) with b = 2 and s = 

.05. The s term causes the At allele to decline in frequency within each and 
every group (compare p '  withp). The b term, however, causes group size after 
selection to correlate with p (compare N' to Nand p). 

After selection the groups dissolve, and individuals mix throughout the 
global population, much as in Maynard Smith's haystack model. To calculate 
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Figure 1 Numerical example of intrademic group selection; all graphs show the relative abun

dance of groups (y-axis) with a given frequency (p) of the A I allele (x-axis). A. Global population, 

represented by a single frequency of At; B. Local groups, that vary in their p values; C. Selection 
within five representative groups, using Wright's model with b=2 and s=.05; D. The total 
frequency of At from all groups in Step C, showing that the At allele can evolve, even though it is 

selected against within each group. 

the new global frequency of A 1 alleles, frequencies within each group must be 
weighted by group size. Since group size varies directly with p, this constitutes 
an evolutionary force in favor of the AI allele. As can be seen from Step D of 
Figure 1, even though the frequency of AI declined within every group (indi
vidual selection), the differential productivity of groups (group selection) 
caused it to increase slightly throughout the global population. Notice that this 
result is precisely what Williams (83), in the robin example cited above, 
asserted could not happen. 

My own term for these models was structured demes (85, 87), but Wade (77) 
has proposed the more apt term intrademic group selection. The word in-
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trademic emphasizes that the mixing phase incorporates all local groups into a 
single gene pool. With apologies for coining yet another acronym, I will 
hereafter shorten intrademic group selection to IGS. 

The biological realism ofIGS models has been discussed elsewhere (87, 90); 
my main goal here is to place them in the context of the group selection 
tradition. It should be obvious that IGS models are broadly consistent with 
Wright's (95) concept. In fact, they are a generalized version of Maynard 
Smith's (56) haystack model, in which the number of initial colonists, the 
genetic variation among groups, the intensity of selection within groups, the 
effect of the character on group productivity, and the duration of the group are 
all allowed to vary. They also share the common features of all group-selection 
models that were listed above-Leo a number of local groups are considered, 
the A I allele is assumed to increase group size while being selected against 
within groups, and so on. No one familiar with the history of the subject can 
doubt that IGS models fall squarely within the group selection tradition. 

Even more important, IGS models describe a group-level process that is 
strikingly analogous to individual selection. They begin with a population of 
groups that vary in their genetic composition. The groups also must vary in 
their productivity and/or persistence in a way that correlates with allele fre
quencies. In other words, there must be heritable phenotypic variation in group 
fitness. If these conditions are met, then natural selection will promote charac
ters that increase the productivity and persistence of groups, and the rate at 
which these characters evolve is proportional to the genetic variation among 
groups. Substitute the words individual, fecundity, and survival for group, 
productivity, and persistence, and you have the textbook definition of indi
vidual selection. Clearly, group selection is a fully appropriate label for the IGS 
models. 

This discussion concludes my review of the group-selection tradition. All 
histories are to some extent subjective, but since most of the authors cited above 
are still with us, I hope that they will point out any major errors I may have 
made. In spite of the independent derivations, there is a rough consistency 
among the models that makes it easy to reconcile their differences. 

The Relationship Between Group Selection and Other 
Evolutionary Models 

Any semblance of consistency disappears, however, when one attempts to trace 
the relationship between group selection and other important evolutionary 
models, such as kin selection, reciprocity, and various models that are loosely 
termed individual selection. These are actively studied subjects, and one might 
hope that the distinction between group selection and kin selection, for in
stance, could be specified as accurately as the differences among the various 
group selection models. Unfortunately, we are so far from this goal that we do 
not even have a consistent set of definitions. Terms such as individual selec-
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tion, group selection, and altruism actually have different meanings, depending 
on the context in which they are used (e.g. a group selection or a kin selection 
model). Needless to say, this is not a sign of a mature science. In my opinion, at 
least two major issues must be resolved in order to make these separate 
branches of evolutionary ecology compatible. 

LOCAL VS GLOBAL FITNESS In all group-selection models, the term indi
vidual selection refers to allele frequency change within single groups, whereas 
group selection indicates the differential contribution of groups to the global 
population. A character that is favored by group selection but disfavored by 
individual selection is often termed altruistic. It goes without saying that if 
altruistic behavior evolves by group selection, then throughout the global 
population the average altruist has a higher fitness than the average nonaltruist. 
This statement is merely another way of saying that the character evolves. It is 
only within local groups that an allele can have low relative fitness and 
nevertheless be selected. 

This much is obvious, but imagine a person operating outside the group
selection tradition who decides to model the character and population structure 
represented in Figure 1 .  That person might not think to calculate the relative 
fitnesses within each local group first and then take the weighted average of 
groups in order to obtain the global allele-frequency change. Instead, he or she 
might calculate a single fitness for each genotype, averaged over all local 
groups, and use these figures to compute the global allele-frequency change. 
There is nothing wrong with this procedure; if we were interested only in 
determining whether the character evolves, it would provide the same answer 
as the IGS model. It does not, however, make clear the opposing roles of group 
and individual selection in the evolution of the character. Indeed, using this 
methodology, it is easy to conclude that the character evolves by individual 
selection because it has the highest relative fitness throughout the global 
population and because evolution within local groups was not monitored. To 
summarize, sharp disagreement over the roles of group and individual selection 
can emerge simply from one's choice of a method of analysis. 

Although this problem is easy to avoid once it is recognized, it pervades the 
current literature and is a major impediment to our understanding of how the 
various concepts truly relate to one another. Only two examples will be 
presented here. Perhaps the most commonly cited example of group selection is 
the evolution of avirulence in a myxoma virus that was introduced into Austra
lia to control the European rabbit (38,5 1 , 53 , 94) .  Lewontin (53) was the first 
to appreciate its relevance: 

When rabbits from the wild were tested against laboratory strains of virus, it was found 
that the rabbits had become resistant, as would be expected from simple individual selection. 
However, when virus recovered from the wild was tested against laboratory rabbits, it was 
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discovered that the virus had become less virulent, which cannot be explained by individual 
selection. The key is that the myxoma virus is spread by mosquitoes, which mechanically 
transfer a few virus particles to the rabbits they bite . . . Each rabbit is a deme from the 
standpoint of the virus. When a rabbit dies, the deme becomes extinct since the virus cannot 
survive in a dead rabbit. Morever, the virus cannot be spread from that deme because 
mosquitoes do not bite dead rabbits. Thus there is a tremendously high rate of deme 
extinction, with the result that those demes are left extant that are least virulent. This causes a 
general trend toward avirulence of the pathogen despite the complete lack of selective 
advantage of avirulence within demes (53, pp. 14-15). 

In contrast, consider Futuyma's (35) description of the same example: 

In many interactions the exploiter cannot evolve to be avirulent; it profits a fox nothing 
to spare the hare. But if the fitness of an individual parasite or its offspring is lowered by the 
death of its host, avirulence is advantageous. The myxoma virus, introduced into Australia to 
control European rabbits, at first caused immense mortality. But within a few years mortality 
levels were lower, both because the rabbits had evolved resistance and because the virus had 
evolved to be less lethal .... Because the virus is transmitted by mosquitoes that feed only on 
living rabbits, virulent virus genotypes are less likely to spread than benign genotypes. 
A virulence evolves not to assure a stable future supply of hosts, but to benefit individual 

parasites (35, p. 455). 

Alexander & Borgia (1) use the same reasoning to conclude that avirulence 
evolves by individual selection. Clearly, these authors are comparing the 
fitness of virulent and avirulent genotypes not within local groups (single 
hosts), but throughout the global population. They are correct that the avirulent 
type evolves, but their use of the term individual selection to describe its 
evolution conflicts with the use of the same term within the group-selection 
tradition. 

My second example is the evolution of biased sex ratios. This subject has 
played such an important role in the history of group selection and is such a 
remarkable example of the confusion caused by different methods of analysis 
that its own history is worth presenting in detail. 

In Adaptation and Natural Selection, Williams used sex ratio as a critical test 
of the individual- vs group-selection theories (82, pp. 146-57). Williams 
reasoned that if group benefit correlates with group size, then group selection 
should produce a female-biased sex ratio that allows for a faster rate of growth. 
However, if group benefit is maximized at an intermediate size (perhaps to 
avoid extinction), then sex ratio should be either male- or female-biased, 
depending on whether group size is above or below the optimum. In this way, 
the sex ratio would act as a regulator of group size. Williams argued that if 
group selection does not occur, then genic (individual) selection would produce 
a sex ratio of 1:1, in accordance with Fisher's (34) principle (assuming obligate 
sexuality and equal investment in each son or daughter). After outlining the 
predictions of the two theories, Williams then turned to the evidence. 
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Despite the difficulty of obtaining precise and reliable data, the general answer should 
be abundantly clear. In all well-studied animals of obligate sexuality . .. a sex ratio of close to 
one is apparent at most stages of development in most populations. Close conformity with the 
theory [of Fisher] is certainly the rule, and there is no convincing evidence that sex ratios ever 
behave as a biotic adaptation [i.e. are biased away from 1:1] .... Certainly none of these 
phenomena gives the appearance of an adaptive adjustment to the needs of populations. I 
conclude that there is no evidence to support the concept of biotic adaptations (82, pp. 
151-52). 

To summarize, Williams thought that biased sex ratios do not exist in nature 
in sexual species with equal investment in each son or daughter, but that the 
existence of biased sex ratios would have constituted evidence for group 
selection. He evidently regarded this c�se as one of his best refutations of group 
selection, for in concluding his book he states, "I would regard the problem of 
sex ratio as solved" (82, p. 272). 

The evolution of sex ratio in an IGS model has been explored by Colwell 
(21), Colwell et al (22), and Wilson & Colwell (92). Briefly, two alternative 
alleles code for a 1: 1 and a female-biased sex ratio, respectively. Individuals 
are randomly distrubuted into local groups of size N, which are allowed to grow 
for a number of generations (G), after which all individuals reenter the global 
population as dispersers. Fisher's (34) principle operates, causing the allele for 
female bias to decline in frequency within each group. Sampling error, howev
er, assures that some groups will be initiated by a greater proportion of 
female-biasing founders than others, and these will grow at a faster rate, 
ultimately contributing disproportionately to the global popUlation. As a result, 
evolution within groups promotes a 1: 1 sex ratio, which Williams identified as 
genic (individual) selection, while the differential productivity of groups favors 
a female-biased sex ratio, which Williams recognized as group selection. If the 
model is changed so that group extinction occurs above a certain density, then 
in principle a male-biased sex ratio can evolve by group selection that keeps the 
group below the extinction threshold. Surely any objective person who first 
reads Williams's treatment of sex ratio, and then reads the papers cited above 
(21, 22,92), will agree that the definitions of group and individual selection are 
virtually identical. 

Since the publication of Williams's book, abundant evidence for the exis
tence of female-biased sex ratios has accumulated, especially among small 
arthropods in subdivided habitats ( 15,46, 48, 92)-a category that includes 
more species than all the vertebrates combined. Had the IGS model been 
published in 1967, along with the data that now exist for female-biased sex 
ratios, the group-selection controversy would most likely be very different 
from what it is today. Instead, Hamilton (46) presented the theory and evidence 
for biased sex ratios, describing the popUlation structure of his model as 
follows: 
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Free-moving females search for isolated food objects, or "hosts." Each host is coloni2:ed 
by a certain number and is eventually exhausted through feeding of the progenies. The 
subpopulation of adults reared on a host mates randomly within itself; no males successfully 
mate outside their group. Inseminated females emigrate to take part in population-wide 
competition to discover new hosts (46, p. 480). 

This is clearly an lOS model, and the mathematical equivalence between 
Hamilton's (46) and Colwell's (21) formulation can be demonstrated ( 15, 21 ,  
48). Hamilton did not monitor evolution within single groups, however, and 
only calculated the fitness of genotypes for the global population. He attributed 
the evolution of biased sex ratios not to group selection but to inbreeding and 
competition among siblings for mates. This case is a good example of how a 
method of analysis that lumps opposing levels of selection can correctly predict 
what evolves, but incorrectly interpret the reasons for it. The important para
meter is the differential productivity of groups, which is enhanced by the large 
sampling error caused by the small initial group size. The small group size also 
promotes inbreeding and competition among brothers for mates, but these 
alone do not cause the evolution of biased sex ratios ( 15,  2 1, 22). 

Nevertheless, when stated in a way that did not invoke the concept of group 
selection, the model and evidence were warmly accepted by evolutionary 
biologists, including leading proponents of individual selection (e.g.  2, 25, 
58). In a final twist of irony, Bulmer & Taylor ( 13) published yet another 
derivation of the same model in a paper entitled "Sex Ratio under the Haystack 
Model," without ever mentioning that this is Maynard Smith's (56) group
selection model or even using the term group selection. In short, biased sex 
ratios demonstrate group selection according to Williams (82), they are ana
lyzed today with group-selection models, and yet until recently they have been 
regarded as a triumph for individual-selection theory! 

THE MEANING OF THE TERM GROUP The second major issue that must be 
resolved concerns the definition of local groups. Traditionally, the "groups" of 
group selection were thought to last for several to many generations. Wynne
Edwards supposed that they persist until driven extinct by selfish types. 
Maynard Smith did not specify the exact duration of groups in this model, but 
he assumed that they last long enough for the selfish type to drive the altruistic 
type extinct. Nevertheless, group duration per se does not appear in the 
definitions of individual selection, group selection, or altruism. In Figure 1 for 
instance, the amount of time or number of generations that elapse between Step 
A and Step D is irrelevant. As far as the actual equations are concerned, a group 
is defined purely by its density and allele frequency, from which fitnesses are 
calculated. Uyenoyama & Feldman (73) provide the most formal definition. 

A group is the smallest collection of individuals within a population defined such that 
genotypic fitness calculated within each group is not a (frequency-dependent) function of the 
composition of any other group (73, p. 395). 
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This definition applies to groups of any duration; it also applies to groups that 
are behaviorally, rather than spatially, formed. Whether in a group individuals 
choose to interact only among themselves or are spatially isolated and have no 
choice has no effect on the equations. Finally, I have compared a population 
broken up into discrete groups of size N with a continuously distributed 
population in which each individual interacts only with its N-l surrounding 
neighbors (87). In the latter case, each individual still belongs to a group of size 
N, but each forms the center of its own group. These two cases are equivalent to 
the demes vs neighborhoods dichotomy in population genetics,  and both cases 
yield identical results in IGS models. 

To summarize, even though IGS models fall squarely within the group
selection tradition, the meaning of the term group has been expanded to include 
short-lived groups, behaviorally formed groups, and "neighborhoods" whose 
boundaries are not obvious to the human eye. This expansion requires no 
changes in basic definitions or processes; it follows directly from a notion of 
groups whose duration is externally imposed, without Maynard Smith's (56) 
simplifying assumption that between dispersal episodes evolution within each 
group proceeds to fixation. Indeed, I have stressed that if one adheres strictly to 
the mathematical definition of groups, then the groups must be very small and 
defined separately for each trait (the trait group; 85, 87, 90). 

The expanded concept of groups led to an important discovery. Many 
evolutionary models--e.g. kin selection, reciprocal altruism, game theory
consider a single population of individuals that interact in a specified way. This 
population, however, is not a local group as defined by Uyenoyama & Feld
man. For example, with behaviors that are expressed only among siblings, an 
individual's  fitness depends on the genetic composition of its own sibgroup, 
and is independent of all other sibgroups. For reciprocity models, an individual 
selects a highly biased subset of other individuals with whom to interact. 
Fitness depends on the genetic composition of this group, and not on the 
population at large. 

The single population of many evolutionary models must therefore be 
recognized as a global population, containing smaller groups that do conform 
to U yenoyama & Feldman's definition. Then it can be shown that these models 
are not alternatives to group selection, but rather IGS models themselves, in 
which the opposing levels of selection have not been made clear. 

An example of sibling interactions that facilitates comparison with Figure 1 

is shown in Figure 2. As before, we start with a global population with the 
altruistic allele at a frequency of p = 0.5. Local groups are initiated by a single 
fertilized female, as in Maynard Smith's haystack model. This process yields 
five separate starting frequencies for local groups, as shown in Figure 2, Step 
B .  The relative proportion of these group types will depend on the value of p, 

assortative mating, and inbreeding. 
Each female has a clutch of N offspring, which interact solely among 
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Figure 2 lOS model with kin groups. A. Global population, as  in Figure 1 ;  B. Fonuation of 
groups with one male and one female; C. Fonuation of sibling groups from the gamete pool of 
single mated pairs; D. Selection within five representative groups, using Wright's model with b=2 
and s= .05, as in Figure 1 ;  E. The total frequency of AI from all groups in Step D. 

themselves.  These are the groups that conform to Uyenoyama & Feldman's  
(73) definition. Groups with p = 1 and p = 0 retain these frequencies in the 
absence of mutation. Because offspring are drawn from a very large gamete 
pool, however, local groups initiated at p = 0.75, for instance, become 
distributed with a mean of 0.75 and a variance of O.5(O.5)/4N. A polymodal 
distribution of allele frequencies among local groups is therefore created, as 
shown in Figure 2, Step C. 
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Selection now operates within groups, imposing its dual effect; the altruistic 
allele increases group size but nevertheless declines in frequency within each 
group. Figure 2,  Step D shows selection in five representative groups, with b = 
2 and s = 0.05 ,  as in Figure 1 .  Notice that the center groups in Figures 1 and 2 
both start atp = 0.5,  and both end withp '= 0.487 and N ' =  19. It is irrelevant 
that the individuals in Figure 1 are unrelated while those in Figure 2 are 
siblings . The effect of interactions among siblings on the evolution of altruism 
occurs not in Step D of Figure 2 but rather in Steps B and C, which create a 
much greater variation among groups than in Figure 1 .  

Finally, the offspring reach adulthood and disperse into the global pool. 
Notice that only a fraction of a generation has been spent within groups. It may 
be that interactions determining fitness occur within the group, but that the 
actual production of offspring does not occur until later; this modification does 
not alter the outcome of the model. Exactly as in Figure 1 ,  the differential 
contribution of groups causes an increase in the global frequency of altruists , 
even though evolution within each group had the opposite effect. The final 
global value of p is greater than in Figure 1 ,  owing to the greater variance in p 
among local groups. 

The generalized version of the model outlined in Figure 2 is actually 
indistinguishable from Hamilton's inclusive fitness theory, as Hamilton him
self was among the first to show (47; for recent reviews see 6 1 ,  73). When 
stated as a group-selection process, however, several interesting features 
emerge. First, evolution within single sibgroups is no different than for any 
other kind of groups. The only effect of kin selection is to increase the variance 
in p among groups. Second, consider a situation in which, after the altruistic 
characters are expressed, population regulation operates within sibgroups and 
causes each of them to reach the same density before dispersing into the global 
pool. In this case the differential productivity of groups is suppressed, while 
interactions are still exclusively among siblings. The altruistic allele cannot 
evolve, which demonstrates that group selection, and not kin interactions per 
se, is the causal factor ( 12) .  Finally, the variance in p among groups generated 
by sibling interactions is actually caused by two rounds of purely random 
sampling error-the random pairing of mates , followed by a random sampling 
of their gametic pools. 

Hamilton's inclusive fitness theory is basically a different method of analyz
ing the same process. It correctly predicts the final outcome but does not 
distinguish clearly between the opposing forces of group and individual selec
tion, as they are defined within the group selection tradition. Instead, Hamilton 
considered an individual's effect on itself and its neighbors weighted by the 
probability that the neighbors shared the altruistic allele. 

Despite the principle of "survival of the fittest" the ultimate criterion which determines 
whether G [an altruistic allele] will spread is not whether the behavior is to the benefit of the 
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behaver but whether it is to the benefit of the gene G; and this will be the case if the average 
net result of the behavior is to add to the gene-pool a handful of genes containing G in higher 
concentration than does the gene-pool itself. With altruism this will happen only if the 

affected individual is a relative of the altruist, therefore having an increased chance of 
carrying the gene, and if the advantage conferred is large enough compared to the personal 

disadvantage to offset the regression, or "dilution", of the altruist's genotype in the relative in 
question (43, pp. 354-55). 

It is clear from Figure 2 that every sibgroup containing both alleles actually 
adds a lower concentration of altruists to the gene pool after selection (compare 
pI with p). Hamilton's statement is correct only when all groups are combined 
and weighted by their differential productivity. 

One consequence of Hamilton's approach is that individual selection be
comes defined as "positive absolute effect on self," as opposed to "relative 
fitness within local groups." Similarly, the term altruism becomes "negative 
absolute effect on self, positive absolute effect on recipient," in contrast to 
"declines in frequency within groups, increases the productivity of the group." 
Much confusion has been generated by the unrecognized differences between 
these definitions. 

The idea that kin selection is a special form of group selection grates harshly 
on many of those who attribute great importance to the former and none to the 
latter. A storm of controversy has therefore arisen, in which a few substantive 
issues are obscured by a cloud of ambiguous terms. Perhaps the most important 
point to stress is that even when the close relationship is acknowledged, it is 
easy to rescue the orthodox view. One simply argues that group selection acts 
as a strong evolutionary force only for those parameter values that are now 
subsumed under the term kin selection . This approach is actually very close to 
Williams's own viewpoint. In yet another ironic twist in an already convoluted 
history, Williams & Williams (84) presented the first comprehensive analysis 
of sibling interactions in an IGS model that parallels Wright's work (95). As 
they state: "In the present paper we also use favorable between-group selection 
to balance unfavorable within-group selection, but our groups are sibships, not 
mendelian populations" (84, p. 32) . 

Throughout his book (82), Williams also indicates a continuity between 
group and kin selection, as E. O. Wilson (94) does as well. Unfortunately, 
other authors have felt the need to construct a more rigid distinction between 
kin and group selection. The most common argument is that group selection 
"requires" spatially discrete groups , whereas kin selection sometimes operates 
in discrete groups, but does not "need" to do so ( 1 ,  14, 24, 57). Because the 
actual equations define groups as sets of individuals that interact with each 
other without reference to spatial organization, this distinction is scarcely 
compelling. Others claim that since IGS models can be translated into the 
inclusive-fitness framework, they should not be termed group selection (1, 57, 
71); the equally close relationship with other group-selection models is not 
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mentioned, however. Other authors criticize the calculation of relative fitness 
within groups, as if this were an error (1, 14, 24, 49) . Still others suggest that 
differential productivity of groups caused by random variation must be classi
fied as individual selection (14, 24, 41),  while variation caused by reproduction 
within groups must be classified as kin selection (14,  57). I accepted this last 
suggestion (89) until I realized that every traditional group-selection model 
begins with groups that are founded by a few individuals that grow into 
mendelian populations-in which case interactions are largely among kin. 
Neither reproduction within groups nor interactions among kin can possibly be 
used to separate kin from group selection. Finally, Maynard Smith's (57) 
recent suggestion that Wright's model should "fall under the heading of kin 
selection rather than group selection" (95 , p. 278) only emphasizes the futility 
of trying to separate the two. 

The fact that inclusive-fitness models and IGS models are merely different 
ways of analyzing the same population structure does not mean that one will 
ever supplant the other. Both have their separate insights and applications. It is 
imperative, however, always to have the appropriate set of definitions in mind 
and not to use one set to argue against the other tradition. 

IGS models can be applied not only to kin groups, but also to the highly 
ephemeral groups of unrelated individuals modeled by game theory. Consider, 
for instance, the standard prisoner's dilemma game (e.g. 5).  A global popula
tion has two types of individuals-a selfish "hawk" and an altruistic "dove." 
These types randomly distribute themselves into local groups of sizeN = 2, and 
fitness is determined entirely within these groups. Doves increase the combined 
payoff (i .e. productivity) ofthe group but are selected against in any groups that 
contain both types. Selection within groups therefore favors hawks, while 
differential group productivity favors doves. After each round of selection, 
individuals disperse into the global pool, and the process is reiterated. Without 
belaboring the point, this example is obviously an IGS model with opposing 
levels of selection, even though the groups are very different from those that 
Wynne-Edwards envisioned. As with all IGS models, the altruist can be 
selected in two ways . First, the variation among groups can be increased, as 
Fagan (33) shows. This change may happen if doves break off associations 
with hawks and redraw from the global pool until they encounter a fellow 
dove; this process is often termed reciprocity (e.g. 1 0) .  Second, selection 
against the altruist within groups can be decreased. The so-called tit-for-tat 
strategy, for example, involves starting as a dove but converting to a hawk in 
response to a hawkish opponent (5). Since the hawk always wins the first 
interaction, the individuals adopting the tit-for-tat strategy are still selected 
against within every group that they share with a hawk, but at a much slower 
rate than a dove would be. A tit-for-tat strategy can therefore be selected with 
only a random variation among groups. 

I mention these results not because they are particularly novel (I suspect an 
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IGS analysis of n-person games would be more interesting) but merely to show 
how easily they fit into a levels-of-selection framework. Some of my col
leagues will probably deny that tit-for-tat is an altruistic strategy or that game 
theory has anything to do with group selection. This is a pity, because in doing 
so they are rejecting an elegant method of investigating the evolution of socially 
advantageous traits in all forms of structured populations. 

Current Status of Group Selection 
I hope I have convinced the reader that the history of group selection has not 
been a logical and orderly progression of ideas but rather a haphazard and often 
amusingly convoluted process with many internal contradictions. If I have 
succeeded, then perhaps the reader will agree with me that the status of the 
group-selection approach, and its relation to other concepts, needs to be 
reconsidered. On the one hand, Williams (82) exposed a great deal of silliness 
in the group-selection tradition. Individuals do not automatically evolve to 
benefit their fellows; the guiding principle of human evolution is not "one for 
all and all for one" (3, p. 694); community succession bears no resemblance to 
individual development (17); and group selection is certainly not "for every
thing concerning population dynamics, much more important than selection at 
the individual level (97, p. 20)". On the other hand, the data for sex ratio alone 
demonstrate that group selection cannot be rejected as uncritically after Wil
liams's book (82) as it was uncritically accepted before it. 

I hope I have also convinced the reader that terms have not been defined 
consistently and that this has caused much confusion. These semantic problems 
raise a methodological question that is interesting in its own right. What causes 
scientists to emphasize the unity of ideas at some times and to stress their 
differences at others? The fact that the population genetics of group selection, 
sex ratio theory, inclusive fitness, reciprocity, and game theory, are all so 
similar to one another represents a unification of previously discrepant theories . 
In a slightly different intellectual climate, this would probably be regarded as a 
welcome event. So many people think of group selection as a bogeyman, 
however, that they are reluctant to accept any connection with their own 
favored ideas, and all efforts go toward finding differences. 

As I have already stressed, recognizing the structural similarities among rival 
theories does not end the controversy. The most important question about 
group selection remains to be asked: Are socially advantageous characters 
expressed only among close relatives, or are they more widely distributed in 
nature? There are two dimensions along which IGS models can depart from 
sibling interactions. One is by increasing the number of generations spent 
within the group, such that sibgroups grow into mendelian populations.  The 
other is by increasing the number of individuals that colonize each group, such 
that unrelated individuals interact with one another from the beginning. I will 
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label as the individualistic view the hypothesis that socially advantageous 
characters fall off rapidly along both dimensions.  

THE DURATION OF GROUPS Consider an IGS model for sibling interactions , 
such as that represented in Figure 2. Following Hamilton (43-45),  assume that 
altruists increase the fitness of single recipients by an amount B, while decreas
ing their own fitness by an amount C. Using the inclusive fitness method, 
Hamilton showed that the altruistic allele is selected when BIC>2. The same 
result has been obtained with IGS models (e.g.  61, 73). 

Now assume that the siblings do not disperse. Instead, groups founded by 
single fertilized females grow into mendelian populations that persist for a 
number of generations (G) before dispersing into the global pooL Altruists 
continue to benefit randomly chosen members of their group at their own 
expense. Can the altruistic allele still evolve? The answer to this question is 
important, because even though all group members are closely related through 
a distant ancestor, they would appear totally unrelated to the scientist observing 
the group several generations after its initiation. Altruism among the group 
members therefore might not be expected. 

Surpisingly, this question has received very little attention, perhaps because 
Maynard Smith (56) appeared to provide a definitive answer to it. The popula
tion structure referred to above is identical to his haystack model, which he 
constructed to distinguish group selection from kin selection. Maynard Smith 
did not test the effect of generation time per se, however, but merely assumed 
that the altruist goes extinct in all groups containing both types . A fairer test 
would be to follow the consequences of specific fitness functions for both group 
and individual selection, while varying the number of generations spent within 
groups.  This test has never been done for Hamilton's  donor-recipient model, 
but has been for sex ratio and the "war of attrition" game theory model. 

Highly biased sex ratios can evolve even when ten generations are spent 
within groups between dispersal episodes (13 ,  15 ,  92). The biasing allele is 
continuously selected against within groups, but the differential productivity of 
groups also increases. Thus, the opposing forces of group and individual 
selection both intensify, and the equilibrium is only slightly altered. For IGS 
versions of the war of attrition model, the altruistic alleles are most favored 
when five to seven generations are spent within the group (D. S .  Wilson, 
unpublished manuscript). In short, there is no compelling reason to believe that 
group selection can be ignored when several generations are spent within 
groups. The idea of altruism among distant relatives is intriguing and deserves 
careful attention. 

INITIAL GROUP SIZE The second dimension along which IGS models can 
depart from pure sibling interactions is by increasing the number of unrelated 
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individuals colonizing each group. The intensity of group selection varies 
directly with genetic variation among groups. Variation among groups, in tum, 
declines with the number of unrelated individuals colonizing each group. To 

appreciate the implications of this , return to Wright's fitness functions (Table 
1)  and consider a character for which s = 0 and b > O. In other words, the 
character benefits the group but has no effect on relative fitness within groups. 
This character will always be selected; the rate at which it evolves, however, is 
inversely related to the initial group size. 

Now consider the more interesting situation where s > 0 and b > O. This 
character is favored by group selection (whose intensity declines with group 
size) and disfavored by individual selection (whose intensity is independent of 
group size). It follows that a critical initial group size exists, below which the 
character will evolve, and above which it will not. 

Group benefit and individual cost together determine the group size at which 
a character can evolve. If all socially advantageous traits required extreme 
self-sacrifice,  then they would be restricted to those groups initiated by one or a 
very few colonists, in accord with the individualistic view. On the other hand, 
any socially advantageous traits that do not require extreme self-sacrifice 
should be more widely distributed in nature (36, 87, 90, 91 ) .  We therefore 
arrive at a critical question: What are the trade-offs between group benefit and 
individual cost? When is a socially desirable character necessarily costly to the 
individuals possessing it? 

This question is so simple and fundamental that one might think it would 
have been carefully examined. On the contrary, it has been almost universally 
ignored. In almost all discussions of group selection, group benefit is simply 
assumed to require extreme self-sacrifice and to be restricted to close relatives 
as a result. This fact is perhaps the largest irony in the history of group selection 
and its own development is well worth tracing. 

The early proponents of group selection apparently did not recognize indi

vidual sacrifice as an important variable. Wynne-Edwards (97) , for example, 
considered reduced personal fecundity, cannibalism, and dominance all as 
mechanisms to regulate the population, sometimes discussing them even in the 
same sentence: "Restrictions can be imposed in a number of ways, for instance 
by each female laying fewer eggs, or eating more of them, or by allowing fewer 
females to breed" (97, p. 19) .  

Wynne-Edwards's case was so overstated, and group selection theory was so 
weak at the time, that Williams (82) invoked Occam's razor to justify rejecting 
group selection whenever possible. Williams therefore dismissed all behaviors 
that give the appearance of selfishness (such as dominance and cannibalism) as 
"not requiring" group selection, and concentrated on providing selfish inter
pretations for the more problematic examples of reduced fecundity, senility, 
lemmings running into the sea, and so on. 
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This procedure may have seemed reasonable at the time, but consider it in the 
light of Wade's (75, 76) group-selection experiments on Tribolium beetles. 
Wade set up a large number of local groups in the laboratory. After 30 days, 
reproduction had occurred and the groups' productivity varied. Wade then used 
these groups to constitute new groups in four separate treatments. In treatment 
I , only the smallest groups contributed to the next generation, i .e.  groups 
above a certain threshold "go extinct". In treatment 2 only the largest groups 
contributed, and in treatment 3 the groups contributed in proportion to their 
size. Natural selection in these treatments is a combination of group and 
individual selection. They were compared to a fourth, pure individual selection 
treatment, in which all groups contribute the same number of individuals, 
regardless of group size. After eight generations, average group productivity 
differed in the order treatment 2>treatment 3>treatment 4>treatment 1 .  
Group selection for both high and low group size succeeded in causing a 
deviation from the individual selection treatment. 

Wade's experiments represent an extreme form of group selection that may 
not be common in nature. Even so, it is interesting to note that the major effect 
of such extreme group selection was to alter rates of cannibalism (59, 78) , 
which is the very sort of behavior that Williams (82) dismissed as "not 
requiring" group selection! 

No category of behavior as general as cannibalism can be labeled as either 
selfish or altruistic. Individual selection by itself will produce a specific pattern 
of cannibalism. Perhaps an individually selected flour beetle eats conspecifics 
as an optimal forager in order to maximize its own fecundity or perhaps it eats 
conspecifics to eliminate competition for itself and its offspring. Forces such as 
these will determine the pattern of cannibalism found in treatment 4 of Wade's 
experiments . An allele that causes a deviation from this pattern in a way that 
benefits the group will be selected against within groups as surely as an allele 
for voluntary birth control. The altered patterns of cannibalism found in 
treatments 1 ,  2, and 3 must therefore be labeled altruistic , despite their 
uncharitable appearance.  

There is ,  however, an important difference between voluntary birth control 
and altruistic cannibalism-the rate that they are selected against within 
groups. Voluntary birth control is the ultimate in self-sacrifice and could only 
evolve in groups founded by one or a very few individuals. By contrast, one can 
easily imagine a pattern of cannibalism that profoundly affects group size at 
only a marginal cost to the individual cannibal. This form of popUlation 
regulation could evolve by group selection even with large initial group sizes, 
because individual cost is low relative to group benefit. Furthermore, if group 
size can be regulated either by cannibalism or by voluntary birth control, then 
the former should evolve even in sibgroups that are capable of evolving the 
latter (90) . Self-sacrifice is always selected against and evolves only when 
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more selfish ways to benefit the group do not exist. Thus, the selfish-appearing 
behaviors thought "not to require" group selection may be the very behaviors 
where group selection will be found. 

In addition to the simple notion that social benefits need not be individually 
costly, game theory and quantitative genetics have some potentially remarkable 
implications that can only be mentioned briefly here. In game theory, fitness 
often depends on how the majority behaves. Individual selection does not 
promote a single behavior but rather a large variety of behaviors, depending on 
the initial composition of each group. Group selection in these models may not 
oppose individual selection; rather, it may promote a socially advantageous 
convention that, once established, is also favored by individual selection (D. S .  
Wilson, unpublished manuscript). 

For quantitative genetics, laboratory studies have shown that there is con
siderable variation among groups, even when the groups are colonized by many 
unrelated individuals (23, 59, 76-79, 81). This empirical result suggests that 
the genetics of real populations may be more conducive to group selection than 
has been indicated by single-locus models .  Although the underlying theory still 
needs to be developed fully, Wade (77) and Craig (23) have suggested that 
group selection can operate on the nonadditive component of genetic variation 
that is not subject to individual selection. 

To summarize, the distribution of socially advantageous characters in nature 
depends largely on the trade-off between individual cost and group benefit. 
This simple point has been ignored until very recently. Instead, any behavior 
that gives the appearance of selfishness has been assumed to evolve by indi
vidual selection, and the search for group selection has been confined to 
behaviors that give the appearance of charity and good will. This procedure 
may have seemed reasonable 20 years ago, but today it is no longer appropriate. 

Conclusions 

Many humans have a strong philosophical bias towards seeing purpose and 
order above the level of the individual. Others have an equally strong bias 
towards ascribing selfish motives to all behaviors. Not surprisingly, both of 
these dispositions are represented in evolutionary thinking and both have been 
stated axiomatically. The process of converting them into legitimate scientific 
hypotheses about evolution has not been smooth. The strongly individualistic 
view that has dominated evolutionary thinking for 20 years certainly is superior 
to the naive group selectionism that it replaced. It is not, however, the last word 
on the subject. 

Early population genetics models focused on the dynamics of single uniform 
populations.  Against this background, the evolution of socially advantageous 
characters was difficult to explain. Modem population genetics models in
corporate the biological reality of spatial and behavioral heterogeneity. Against 
such a background, the evolution of socially advantageous characters appears 
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quite plausible. When faced with the difficult task of detennining a character's 
function (if any) , benefits to the group cannot be categorically excluded. The 
prevalence of such adaptations in nature remains to be seen because, despite the 
blast of words, group selection remains a largely unexplored concept whose 
important variables have only recently been identified and whose predictions 
are only beginning to be tested rigorously. 
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ABSTRACT Most analyses of species selection require
emergent, as opposed to aggregate, characters at the species
level. This "emergent character" approach tends to focus on
the search for adaptations at the species level. Such an ap-
proach seems to banish the most potent evolutionary property
of populations-variability itself-from arguments about spe-
cies selection (for variation is an aggregate character). We
wish, instead, to extend the legitimate domain of species
selection to aggregate characters. This extension of selection
theory to the species level wil concentrate, instead, on the
relation between fitness and the species character, whether
aggregate or emergent. Examination of the role of genetic
variability in the long-term evolution of clades illustrates the
cogency of broadening the definition of species selection to
include aggregate characters. We reinterpret, in this light, a
classic case presented in support of species selection. As
originally presented, the species selection explanation ofvolutid
neogastropod evolution was vulnerable to a counterinterpre-
tation at the organism level. Once this case is recast within a
definition of species selection that reflects the essential struc-
ture and broad applicability of hierarchical selection models,
the organism-level reinterpretation of variability loses its force.
We conclude that species selection on variability is a major
force of macroevolution.

Selection

We begin with some basic distinctions. Most important is the
difference between a process and an outcome ofthat process;
in this case, selection is the process, and evolutionary change
is the outcome. The process of selection involves an inter-
action between an entity and its environment or, more
specifically, between a particular trait of an entity and
particular aspects of its environment. Part of the fitness
calculated for an entity represents the particular value con-
ferred by having a specific trait in a specific environment. In
other words, the component of fitness associated with a trait
is the representation, in an evolutionary model, of the pro-
cess of selection.
The selection process itself must be contrasted with the

result or outcome of that process. Sorting is simply the
differential birth and death of individual entities in a popu-
lation, while selection is a potential cause of that sorting (ref.
1, p. 217). Sorting at a particular level has a variety of
potential causes; it can arise from selection acting at that level
or occur as a consequence ofchance or of selection processes
at either a higher or a lower level.

Species Selection

A number of attempts have been made to apply the basic
notion of selection to the species level. Vrba, Eldredge,

Gould, and others (1-7) in several articles have defended the
idea that selection at a particular level requires characters to
be heritable and emergent at that level and to interact with the
environment to cause sorting. Species-level properties are
divided into aggregate and emergent characters. Aggregate
characters are based on the inherent properties of subparts
and are simple statistics of these properties, while emergent
characters arise from the organization among subparts (ref. 4,
p. 146). Possible emergent characters among species include
population size, distribution, and composition (4).
According to this argument, which we shall call the "emer-

gent character" approach, one need only show that a trait in
question is aggregate, not emergent, in order to demonstrate
that species are not functioning as units of selection in a
particular case (1, 2, 4).
We shall contrast the emergent character approach with an

"emergent fitness" or "interactor approach," which empha-
sizes the nature of fitness values, rather than type of char-
acter. Under this approach (presented in more detail in
Emergent Fitness or Interactor Approach), the relationship
between character and environment becomes the key issue.
This relationship is represented in the fitness parameters.
Selection processes are delineated by distinctive attributes of
the fitness parameters. Interactors, and hence selection pro-
cesses themselves, are individuated by the contributions of
their traits to fitness values in evolutionary models; the trait
itself can be an emergent group property or a simple sum-
mation of organismic properties. This definition of an entity
undergoing selection is much more inclusive than in the
emergent character approach, since an entity might have
either aggregate or emergent characters (or both); this dis-
tinction between emergent and aggregate characters does not
usually appear in quantitative models of species selection
(e.g., see ref. 8). The emergent fitness approach requires only
that a trait have a specified relation to fitness in order to
support the claim that a selection process is occurring at that
level (cf. refs. 7, 9, and 10; see Emergent Fitness or Interactor
Approach and Appendix).

Adaptations

An important component ofthe emergent character approach
is its focus on adaptations. The existence of an emergent
character at the species level is taken as equivalent to the
existence of a potential species-level adaptation (ref. 11, p.
388; ref. 12, p. 132).
The focus on characters rather than fitnesses is related to

this requirement for adaptations. Emergent characters are
always potential adaptations. Not all selection processes
produce adaptations, however. The key issue, in delineating
a selection process, is the relationship between a character
and fitness. The emergent character approach is more re-
strictive than alternative schemas that delineate selection
processes, for only some selection processes at the species
level (perhaps very few) result in the evolution of emergent
characters or adaptations. The emergent character approach
picks out a subset of cases given by the interactor approach;
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it is, to be sure, an especially interesting subset-namely,
species-level adaptations. Nevertheless, if one is interested
in discussing evolution by species-level selection processes
per se, then this approach is too restrictive.t Let us return to
the emergent fitness approach to see how aggregate traits,
which are not adaptations, could function in a species selec-
tion process.

Emergent Fitness or Interactor Approach

As the guiding idea behind our hierarchical view of selection
models, we hold that selection processes are best described
in terms of interactors (see refs. 15-17). An interactor is an
entity that has a trait; the interactor must interact with its
environment through the trait, and the interactor's expected
survival and reproductive success are determined, at least
partly, by this interaction. In other words, the interactor's
fitness covaries with the trait in question.

If we have an interactor, we should expect to find a
correlation between the interactor's trait and the interactor's
fitness.§ For evolution by selection to occur, both the trait
and the correlation between trait and fitness must be at least
partly heritable (in the sense of narrow heritability). Herita-
bility depends, in turn, on the additive genetic variance of the
trait by definition. It should be recalled that fitness itself can
be analyzed into components, each correlated with a trait that
affects fitness. In selection models, the interactions per se of
trait and environment are not represented; rather, the evo-
lutionary effect of this interaction is represented by the
selection coefficient (fitness parameter). We can model the
selective effects of interactions by partitioning the overall
fitness into levels where the proper correlation between a
trait and a component of fitness can be represented. In
selection models, then, those interactions between trait and
environment that yield evolutionary changes are represented
by an additive component of variance in fitness correlated
with variance in the trait in question.¶ In considering a
hierarchy of selection models, we are simply generalizing this
principle that relates the efficacy of natural selection to
additivity. Note that this view can accommodate more than
one level of selection operating simultaneously.

Clearly, a potential problem exists here. Suppose the
correlation between trait and fitness at a higher level is a
simple effect of the traits and fitnesses at a lower level. Since
we do not want to count these lower-level interactions twice,
we must avoid representing selection at the higher level in

tDawkin's arguments against species selection are refreshingly clear
about this distinction. Following his admission that species selec-
tion is, in principle, possible, he expresses skepticism that species
selection may be important in explaining evolution. He then con-
tinues "This may just reflect my biased view of what is impor-
tant... what I mainly want a theory of evolution to do is explain
complex, well-designed mechanisms like hearts, hands, eyes, and
echolocation" (ref. 13, p. 265). We would reply that a theory of
evolution has many more, and equally important, things to do.
Dawkins may be revising his view, since he has now offered a
species-level selection interpretation for an aggregate species-level
trait (14).
§Several methods are available for expressing such a correlation. For
instance, under the covariance approach, the change in the mean
value of a trait under selection can be expressed as a covariance
between relative fitness and the character value (i.e., quantitative
description of the trait). Actually, it is somewhat imprecise to refer
to "an interactor's fitness"; this quantity should be understood as
the probability associated with the interaction of the interactor and
its environment.
IDamuth and Heisler (7) claim "selection can be occurring at a level
only if there is a relationship between some character of the units
at that level and the fitnesses of those units." They assess the
existence and intensity of this relationship through the regression of
the fitness on the character value [see the selection gradient
analysis, a phenotypic approach (18)].

this case. This is done by describing interactors at the lower
level first. If a higher-level interactor exists, the higher-level
correlation offitness and trait will appear as a residual fitness
contribution at the lower level; we must then go to the higher
level in order to represent the correlation between higher-
level trait and higher-level fitness. Hence, species-level fit-
ness is not defined as an average or sum of the organismic
fitnesses within a species (see refs. 7, 10, and 19).
More simply put-the operative notion in all examples of

higher-level selection is some sort of interaction effect or
context dependence (e.g., ref. 20; see ref. 21, chapt. 7; here,
"context" refers to the other entities in the same population
and not to the environment). Intuitively, the properties of the
other members of your group must make a difference, and
there must be a correlation between group type and fitness.
One might object that the above approach to delineating

interactors is overly reductionist. After all, it seems that this
view simply embodies G. C. Williams's famous and mislead-
ing maxim: don't even consider any higher level of selection
unless the lower-level model proves empirically inadequate
(ref. 22, p. 55). The problem with Williams's maxim is that
different selection processes may sometimes yield identical
gene frequency predictions. In these cases, additional infor-
mation about population structure, group membership, and
group-level fitnesses is needed in order to tell which model
best fits the system at hand (see ref. 19, pp. 86-96).
The approach that we support is intended not as a research

strategy, as Williams's maxim has often been used, but as a
method of evaluation or calculation. Our recommended
method for assessing selective levels is used only after all the
information has been obtained, including data about popu-
lation structure, group composition, and group-level fit-
nesses. In the method we advocate, and as a crucial differ-
ence from Williams's approach, this information is not col-
lected under a reductionist research program; for in such a
program, the lowest-level selection model is accepted with-
out even testing whether a higher-level model might be more
adequate (see refs. 17, 19, 20, and 23-25).

Variability

Dobzhansky, in his Genetics and the Origin ofSpecies (26),
considered variability as a species-level character related to
species survival (cf. refs. 27-30). Dobzhansky notes that a
reservoir of genetic variation within species acts as a hedge
against extinction (ref. 26, p. 127). He sees a trade-off
involved in variability; species that concentrate adaptations
very narrowly are favored by natural selection at a given
moment, but they sacrifice plasticity, "the flexibility that
retention of a goodly amount of genetic variation affords
against the (inevitable) change in position of the adaptive
peak" (ref. 12, p. 199; ref. 8; cf. ref. 9, p. 15; ref. 31).

Eldredge acknowledges that the reservoir of genetic vari-
ability discussed by Dobzhansky could play a role in species
survival (ref. 12, p. 182; see ref. 32). But while Lewontin (33)
talks of selection contributing to or maintaining variation,
Eldredge claims that variation is not being selected because
it conveys an advantage; rather, the maintenance of variation
is just an effect of ordinary selection on organisms. While
Eldredge agrees that variability is correlated with long-term
species survival, he rejects the possibility that this might
count as species selection because variability is not an
adaptation. We claim, in contrast, that variability is a per-
fectly good species-level trait that can be associated with
genuine species-level fitness (see ref. 19, pp. 110-112).
Many evolutionists shared Dobzhansky's interest in vari-

ability and its involvement in long-term species survival.
During the early 1950s, evolutionists produced genetic mod-
els of the relation between variability and what were then
called (improperly, by our definitions) species adaptations
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(29, 33). Why was this subject dropped? We suggest that the
virtually universal failure to distinguish between adaptations
and selection processes led to this abandonment. The attack
on group adaptations, led by Williams (22), was interpreted
as an assault on the possibility of group-level selection
processes in general, although such a conclusion does not
follow. Hence, we suggest, species-level variability, like
other group-level properties, was discredited through its
association with unsupportable arguments for group-level
adaptationism (ref. 32, p. 491). We would like to revive
interest in the relation between genetic variability across
groups and lineages, and long-term success of lineages, by
placing this subject in the context of hierarchical selection
theory.

Williams did a service to the community of evolutionary
biologists by refining the definition of adaptation and by
insisting on strict standards of proof for adaptedness. His
analysis drove a wedge between fitness (expected reproduc-
tive success) and adaptedness, where only adaptedness sig-
nifies adaptation (34, 35). Unfortunately, biologists seem to
have lost track of those selection processes that do not yield
cumulative adaptations. (A stronger link may exist between
adaptation and selection at the organism level than at higher
levels. This might constitute a genuine and interesting dif-
ference between these levels.) If evolutionary theory is to
yield accurate models of all selection processes, however,
then the set of available models must be expanded.
Once the definition of species selection has been brought

into alignment with other hierarchical selection models,
species selection gains potential for a greatly expanded role
in evolution. 11 For example, let us turn to the key item barred
by the emergent character approach but included under the
emergent fitness approach-variability. We next offer a
reinterpretation of a classic case presented in support of
species selection. The original interpretation, advanced by
Gould, is vulnerable to a counterinterpretation at the orga-
nism level. When the case is recast in terms of variability,
however, the organism-level reinterpretation loses its force.

Neogastropods

Cases that suggest no clear adaptive explanation for trends in
organismal phenotypes are promising for species selection-
ists. Trends may occur because some species speciate more
often than others. For example, many clades of marine
invertebrates exhibit a trend toward increased frequency of
stenotopic species (stenotopes are narrowly adapted to def-
inite environmental factors; eurytopes can tolerate a broad
range of environments; see refs. 41-46). Sometimes this
trend leads to elimination of eurytopes completely, as in the
volutid neogastropods (43). Analysis of this clade shows a
much greater rate of speciation among stenotopic species,
which helps to produce the trend even though stenotopes also
suffer a higher rate of extinction.
The higher rate of speciation in stenotopes has been

interpreted as resulting from isolation of small populations;
speciation may be enhanced because stenotopes generally
brood their young, while eurytopes tend to have planktonic
larvae-and species with planktonic larvae exhibit high levels
of gene flow (ref. 42, p. 96). Jablonski (45) argued that

1Discussions ofthe evolution ofsexual reproduction have sometimes
involved species- and lineage-level selection processes. Stanley, for
example, argued that a sexually reproducing ancestral species
produces a much greater ecological diversity of descendant species
than an otherwise identical asexual species; this greater diversity
makes the sexual lineage less vulnerable to extinction than the
asexual one (cf. refs. 36-40). Vrba, who formerly emphasized the
limited role of species selection in evolution, based on the require-
ment that it must involve species level adaptations (2, 3, 11), now
thinks that species selection will be "quite common" (ref. 3, p. 162).

different modes of larval development confer different pop-
ulation structures, which could be counted as species-level
traits. (We part with Jablonski's analysis in that he supported
the claim for species selection by characterizing larval ecol-
ogy as an "emergent property," while we concentrate on
tying the population structure to lineage-wide genetic vari-
ability.) The trend is interpreted as a case of species selection
because stenotopic species take over the clade by differential
speciation, which is not sensibly explained by organismic-
level natural selection (ref. 42, p. 97; see discussion in ref. 10;
ref. 45).
But why call this species selection? The trend toward

stenotopy in the lineage can be seen as an effect of an
organismic-level property-namely, the tendency for larvae
to be nonplanktotrophic. The key factor in the higher rate of
speciation is isolation, and a primary cause of isolation is the
feeding habits of individual offspring. Hence, a species-level
pattern is produced but does not arise from a true species-
level property. In fact, those who require a species-level
adaptation would certainly reject nonplanktotrophy, as it is a
property oforganisms. Therefore, the organismic selectionist
might argue, there is no species selection operating here; this
is just a case of organismic-level selection producing a
higher-order effect (e.g., see ref. 13, p. 266).

In response to this challenge, we would like to recast this
case in terms of variability and its role in the evolution of
lineages. Consider the case in which eurytopes have been
eliminated from the lineage: A species with nonplank-
totrophic young has a tendency to develop isolated popula-
tions-hence, a tendency to speciate. Speciation leads (in this
case) to more genetic variability across the lineage (counting
from some ancestral gene pool; see ref. 29). These species
also have a relatively high probability of becoming extinct.
[Jablonski (46) provides additional support for the argument
that variability provides a target for species selection. He
documents the role ofgeographic range in species persistence
and heritability.] But, for the overall lineage, enhanced
speciation leads to success.** Note that the immediate cause
of success is the tendency to speciate, but the long range
explanation of success could be related to variability.
The species with planktotrophic young do not speciate

much, as a result (partly at least) of extensive gene flow;
hence, they present fewer alternative strategies for facing
environmental challenges. These species are longer-lived
relative to the stenotopes-but note that, in the case of the
volutes, the eurytopes are all extinct (36).
Let us reconsider the trait, "tendency to speciate." Gould

(42) originally considered this feature both (i) an emergent
property, and (ii) a property resulting from a larval strategy-
i.e., an individual-level trait. But in this case, stenotopes not
only tend to speciate more; the extinction rate, even though
higher than in eurytopes, is also lower than the speciation
rate. Hence, stenotopes are the only long-term survivors in
the lineage. That is, there is advantage (to the original gene
pool) in speciating more. We propose that the advantage
comes from success in some of the experiments that occur
during speciation. If one counts the total genetic variability
across the whole lineage, then stenotopes as a collective
lineage maintain more variability than eurytopes. This vari-
ability is expressed in the speciation experiments, and the

**As a rough notion of success, we can borrow Thoday's definition
of the fitness of a "unit of evolution," which is equal to the
probability that it "will survive for a given long period oftime, such
as 108 years,"-i.e., it "will leave descendants after that lapse of
time" (ref. 29, p. 98). Similarly, Arnold and Fristrup define success
as a measure of the relative increase or decrease in descendants of
a lineage (and fitness as the expectation of that success; ref. 10, p.
120; cf. ref. 47).
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presence and maintenance of variability contribute to the
long-term success of the stenotopic lineages.

This is not the only possible evolutionary scenario that
could be given for this case, of course, but it is a possible and
testable candidate. A lineage-level component of fitness
based on variability can, in principle, be quantified and
entered into the models previously discussed. By taking this
alternative seriously, we avoid thinking that simply because
a higher-level trait in a species is, in fact, caused by the
behavior of individual organisms, species selection cannot be
operating (ref. 19, chapt. 7; refs. 48 and 49). Hence, in our
view, a trait can ordinarily be considered as a genic- or
organismic-level trait, but it can nevertheless participate
causally in species selection. The existence of such cases will
expand the amount of evolutionary change explicable by
species selection.

Macroevolutionary Significance of Species
Selection on Variability

We have shown, by an argument based on a logical analysis
of evolutionary theory, that variability and other aggregate
traits can figure in species selection defined by emergent
fitnesses under the interactor approach. But while cogent
logic may define the philosopher's task, it can only represent
the starting point for a practicing biologist. The authors ofthis
paper, as a collaboration of both professions, must therefore
pose a further question: is species selection on variability
important in evolution; does it display a high relative fre-
quency among the causes of trends? Almost all major ques-
tions, and great debates, in natural history revolve around the
issue of relative frequency: for example, selection and neu-
trality, adaptation and constraint.
The centrality of this point was recognized by Fisher (50).

He acknowledged that the logic of species selection was
unassailable but denied this process any important role in
evolution by arguing that it would always be overwhelmed by
his (and Darwin's) favored mode of selection on organisms.
The number of organism births overwhelms species births by
so many orders of magnitude, Fisher argued, that nothing
much can accumulate by selection among species relative to
organisms.

This argument might work in Fisher's world of uniformity,
isotropy, and universally effective (and therefore nonrestric-
tive) intraspecific variability. But the geological stage of
macroevolution presents a situation most uncongenial to
Fisher's assumptions-a world that suggests an important
relative frequency for selection on species level variability.
Consider just two aspects of the fossil record.

(i) Punctuated equilibrium. Despite continuing arguments
about interpretation (51-54), nearly 2 decades of study and
debate have established a high relative frequency for the
geometry and topology underlying this theory (55, 56)-
geologically abrupt appearance and later stasis of most mor-
phospecies in the fossil record. Fisher's argument fails be-
cause most species may be constrained to remain stable, thus
rendering irrelevant the orders of magnitude advantage of
individual births, and making rare events of speciation "the
only game in town." Trends must therefore arise as differ-
ential success of species, and clades with greater interspecific
variability due to more copious speciation, may gain a
macroevolutionary edge. (Our explanation for volute evolu-
tion in the last section presents an argument in this mode.)

(ii) Mass extinction. If differential removal of species
during rapid and worldwide episodes of mass extinction sets
the basic pattern of life's diversity through time, then failure
to maintain variation becomes an especially potent cause of
species death, since survival through unanticipated environ-
mental challenges of such magnitude must often depend on

fortunate success of a few variants, while narrow adaptation
and limited variability must often lead to elimination.

Thus, in the actual and uncertain world that geology has set
for the history of life, differential success of species must
regulate many trends-and variability across species within
clades must be a major component of success or failure.
Species selection on variability is probably a major force of
macroevolution.

Appendix

Here we review briefly one possible approach to modeling
species selection. This approach, developed by Damuth and
Heisler (7), uses covariance models to express selection
differentials (they also present a set of regression models in
their appendix; see refs. 10, 18, 57-59). The basic idea is that
a selection process can be occurring at a level only if there is
a special relationship between some character of the units at
that level and the fitnesses of those units. The existence and
intensity of this relationship can be analyzed or expressed
through the covariance between fitness and the value of the
character (alternatively, the regression of the fitness on the
character).
For example, Damuth and Heisler describe a multilevel

selection analysis in which the group-level character is the
mean, Zi., of the individual characters in each group. Note
that group fitness is most often not the same as mean
individual fitness. A new term, fli, is introduced to represent
group relative fitness, regardless of its relationship to organ-
ismic level fitness (co). Also, the covariances are expecta-
tions defined over the distribution of groups. The total
selection differential on the group character (ref. 7, p. 415) is
written as

ST(G) = Cov(u)(Wii, Zi,) + Cov(4i, AZO) + Cov(fli, Zi.). [1]

From the point of view of an individual organism, the group
or species is represented as a context affecting individual
relative fitness. The total selection differential on an individ-
ual character, ST(I), can be written as a partition of the total
covariance between character and fitness, as follows:

ST(I) = COV(U)(WY, ZU) + Cov(wi, AZi.) + Cov(wi, Zi.). [2]

Z4, denotes the measured phenotypic value and WV is the
absolute fitness of the jth member of the ith group. Let Z,.
denote the mean phenotypic value and Wi. the mean absolute
fitness of the members of group i (where the dot subscript
indicates averaging over the relevant subscript). Damuth and
Heisler define the relative fitness of individualj within group
i as Ad = WY/Wi., where Wi. is the mean of the individual
fitnesses for group i. Similarly, the relative mean fitness of
group i is defined as wi = WJ./W.., where W.. is the mean of
the individual fitnesses for the entire population. The first
term in Eq. 2 is the unweighted mean of the within-group
covariances, and the middle term is the covariance between
the average relative fitness of individuals within a group and
the change in the group mean of the character due to
lower-level selection (AZi.).
Damuth and Heisler demonstrate the conditions (which are

quite broad) under which fli will have an emergent relation-
ship with cou (that is, the conditions under which species
selection can be said to be occurring, according to our
approach; ref. 7, pp. 422-423). For more on the relations
between the two models given above, see Damuth and
Heisler (7) and Heisler and Damuth (60).
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The spandrels of San Marco and the Panglossian paradigm: 
a critique of the adaptationist programme 
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An adaptationist programme has dominated evolutionary thought in 
England and the United States during the past 40 years. It is based on 
faith in the power of natural selection as an optimizing agent. It proceeds 
by breaking an organism into unitary 'traits' and proposing an adaptive 
story for each considered separately. Trade-offs among competing 
selective demands exert the onlv brake upon perfection; non-optimality 
is thereby rendered as a result of adaptation as well. We criticize this 
approach and attempt to reassert a competing notion (long popular in 
continental Europe) that organisms must be analysed as integrated 
wholes, with Bauplane so constrained by phyletic heritage, pathways of 
development and general architecture that the constraints themselves 
become more interesting and more important in delimiting pathways of 
change than the selective force that may mediate change when it occurs. 
We fault the adaptationist programme for its failure to distinguish current 
utility from reasons for origin (male tyrannosaurs may have used their 
diminutive front legs to titillate female partners, but this will not explain 
why they got so small); for its unwillingness to consider alternatives to 
adaptive stories; for its reliance upon plausibility alone as a criterion for 
accepting speculative tales; and for its failure to consider adequately 
such competing themes as random fixation of alleles, production of non- 
adaptive structures by developmental correlation with selected features 
(allometry, pleiotropy, material compensation, mechanically forced 
correlation), the separability of adaptation and selection, multiple 
adaptive peaks, and current utility as an epiphenomenon of non-adaptive 
structures. We support Darwin's own pluralistic approach to identifying 
the agents of evolutionary change. 

1. INTRODUCTION 

The great central dome of St Mark's Cathedral in Venice presents in its mosaic 
design a detailed iconography expressing the mainstays of Christian faith. Three 
circles of figures radiate out from a central image of Christ: angels, disciples, and 
virtues. Each circle is divided into quadrants, even though the dome itself is 
radially symmetrical in structure. Each quadrant meets one of the four spandrels 
in the arches below the dome. Spandrels - the tapering triangular spaces formed 
by the intersection of two rounded arches at right angles (figure 1) - are necessary 
architectural by-products of mounting a dome on rounded arches. Each spandrel 
contains a design admirably fitted into its tapering space. An evangelist sits in the 
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upper part flanked by the heavenly cities. Below, a man representing one of the 
four Biblical rivers (Tigris, Euphrates, Indus and Nile) pours water from a pitcher 
into the narrowing space below his feet. 

The design is so elaborate, harmonious and purposeful that we are tempted to 
view it as the starting point of any analysis, as the cause in some sense of the 
surrounding architecture. But this would invert the proper path of analysis. The 

s S ! 6 _ ........................................ ........... . . ] , , _ _ _ _ _~~~~~~~~~~. .. ... 

FIGURE 1. One of the four spandrels of St Mark's; seated evangelist above, 
personification of river below. 

system begins with an architectural constraint: the necessary four spandrels and 
their tapering triangular form. They provide a space in which the mosaicists 
worked; they set the quadripartite symmetry of the dome above. 

Such architectural constraints abound and we find them easy to understand 
because we do not impose our biological biases upon them. Every fan vaulted 
ceiling must have a series of open spaces along the mid-line of the vault, where 
the sides of the fans intersect between the pillars (figure 2). Since the spaces must 
exist, they are often used for ingenious ornamental effect. In King's College Chapel 
in Cambridge, for example, the spaces contain bosses altemately embellished with 
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the Tudor rose and portcullis. In a sense, this design represents an 'adaptation', 
but the architectural constraint is clearly primary. The spaces arise as a necessary 
by-product of fan vaulting; their appropriate use is a secondary effect. Anyone 
who tried to argue that the structure exists because the alternation of rose and 
portcullis makes so much sense in a Tudor chapel would be inviting the same 
ridicule that Voltaire heaped on Dr Pangloss: 'Things cannot be other than they 

F~~~~~~~~~~~~~~~~~. ..i .. 

FIGuRz 2. The ceiling of King's College Chapel. 

are... Everything is made for the best purpose. Our noses were made to carry 
spectacles, so we have spectacles. Legs were clearly intended for breeches, and 
we wear them.' Yet evolutionary biologists, in their tendency to focus exclusively 
on immediate adaptation to local conditions, do tend to ignore architectural 
constraints and perform just such an inversion of explanation. 

As a closer example, recently featured in some important biological literature 
on adaptation, anthropologist Michael Harner has proposed (I977) that Aztec 
human sacrifice arose as a solution to chronic shortage of meat (limbs of victims 
were often consumed, but only by people of high status). E. 0. Wilson (1978) has 
used this explanation as a primary illustration of an adaptive, genetic pre- 
disposition for carnivory in humans. Harner and Wilson ask us to view an elaborate 
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social system and a complex set of explicit justifications involving myth, symbol, 

and tradition as mere epiphenomena generated by the Aztecs as an unconscious 

rationalization masking the 'real' reason for it all: need for protein. But Sahlins 

(1978) has argued that human sacrifice represented just one part of an elaborate 

cultural fabric that, in its entirety, not only represented the material expression 

of Aztec cosmology, but also performed such utilitarian functions as the main- 

tenance of social ranks and systems of tribute among cities. 

We strongly suspect that Aztec cannibalism was an 'adaptation' much like 

evangelists and rivers in spandrels, or ornamented bosses in ceiling spaces: a 

secondary epiphenomenon representing a fruitful use of available parts, not a 

cause of the entire system. To put it crudely: a system developed for other reasons 

generated an increasing number of fresh bodies; use might as well be made of 

them. Why invert the whole system in such a curious fashion and view an entire 

culture as the epiphenomenon of an unusual way to beef up the meat supply. 

Spandrels do not exist to house the evangelists. (Moreover, as Sahlins argues, it is 

not even clear that human sacrifice was an adaptation at all. Human cultural 

practices can be orthogenetic and drive towards extinction in ways that Darwinian 

processes, based on genetic selection, cannot. Since each new monarch had to 

outdo his predecessor in even more elaborate and copious sacrifice, the practice 

was beginning to stretch resources to the breaking point, It would not have been 

the first time that a human culture did itself in. And, finally, many experts doubt 

Harner's premise in the first place (Ortiz de Montellano 1978). They argue that 

other sources of protein were not in short supply, and that a practice awarding 

meat only to privileged people who had enough anyway, and who used bodies so 

inefficiently (only the limbs were consumed, and partially at that) represents a 

mighty poor way to run a butchery.) 
We deliberately chose non-biological examples in a sequence running from 

remote to more familiar: architecture to anthropology. We did this because the 

primacy of architectural constraint and the epiphenomenal nature of adaptation 

are not obscured by our biological prejudices in these examples. But we trust that 

the message for biologists will not go unheeded: if these had been biological 

systems, would we not, by force of habit, have regarded the epiphenomenal 

adaptation as primary and tried to build the whole structural system from it? 

2. THE ADAPTATIONIST PROGRAMME 

We wish to question a deeply engrained habit of thinking among students of 

evolution. We call it the adaptationist programme, or the Panglossian paradigm. 

It is rooted in a notion popularized by A. R. Wallace and A. Weismann (but not, 

as we shall see, by Darwin) towards the end of the nineteenth century: the near 

omnipotence of natural selection in forging organic design and fashioning the best 

among possible worlds. This programme regards natural selection as so powerful 

and the constraints upon it so few that direct production of adaptation through 
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its operation becomes the primary cause of nearly all organic form, function, and 
behaviour. Constraints upon the pervasive power of natural selection are recognized 
of course (phyletic inertia primarily among them, although immediate architectural 
constraints, as discussed in the last section, are rarely acknowledged). But they 
are usually dimissed as unimportant or else, and more frustratingly, simply 
acknowledged and then not taken to heart and invoked. 

Studies under the adaptationist programme generally proceed in two steps: 
(1) An organism is atomized into 'traits' and these traits are explained as 

structures optimally designed by natural selection for their functions. For lack 
of space, we must omit an extended discussion of the vital issue: 'what is a trait?' 
Some evolutionists may regard this as a trivial, or merely a semantic problem. 
It is not. Organisms are integrated entities, not collections of discrete objects. 
Evolutionists have often been led astray by inappropriate atomization, as D'Arcy 
Thompson (1942) loved to point out. Our favourite example involves the human 
chin (Gould I977, pp. 381-382; Lewontin 1978). If we regard the chin as a 'thing', 
rather than as a product of interaction between two growth fields (alveolar and 
mandibular), then we are led to an interpretation of its origin (recapitulatory) 
exactly opposite to the one now generally favoured (neotenic). 

(2) After the failure of part-by-part optimization, interaction is acknowledged 
via the dictum that an organism cannot optimize each part without imposing 
expenses on others. The notion of 'trade-off' is introduced, and organisms are 
interpreted as best compromises among competing demands. Thus, interaction 
among parts is retained completely within the adaptationist programme. Any 
suboptimality of a part is explained as its contribution to the best possible design 
for the whole. The notion that suboptimality might represent anything other than 
the immediate work of natural selection is usually not entertained. As Dr Pangloss 
said in explaining to Candide why he suffered from venereal disease: 'It is in- 
dispensable in this best of worlds. For if Columbus, when visiting the West Indies, 
had not caught this disease, which poisons the source of generation, which fre- 
quently even hinders generation, and is clearly opposed to the great end of Nature, 
we should have neither chocolate nor cochineal.' The adaptationist programme is 
truly Panglossian. Our world may not be good in an abstract sense, but it is the 
very best we could have. Each trait plays its part and must be as it is. 

At this point, some evolutionists will protest that we are caricaturing their view 
of adaptation. After all, do they not admit genetic drift, allometry, and a variety 
of reasons for non-adaptive evolution? They do, to be sure, but we make a different 
point. In natural history, all possible things happen sometimes; you generally do 
not support your favoured phenomenon by declaring rivals impossible in theory. 
Rather, you acknowledge the rival, but circumscribe its domain of action so 
narrowly that it cannot have any importance in the affairs of nature. Then, you 
often congratulate yourself for being such an undogmatic and ecumenical chap. 
We maintain that alternatives to selection for best overall design have generally 
been relegated to unimportance by this mode of argument. Have we not all heard 
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the catechism about genetic drift: it can only be important in populations so 
small that they are likely to become extinct before playing any sustained evol- 
utionary role (but see Lande I976). 

The admission of alternatives in principle does not imply their serious con- 
sideration in daily practice. We all say that not everything is adaptive; yet, faced 
with an organism, we tend to break it into parts and tell adaptive stories as if 
trade-offs among competing, well designed parts were the only constraint upon 
perfection for each trait. It is an old habit. As Romanes complained about A. R. 
Wallace in 1900: 'Mr. Wallace does not expressly maintain the abstract impossi- 
bility of laws and causes other than those of utility and natural selection... 
Nevertheless, as he nowhere recognizes any other law or cause.. ., he practically 
concludes that, on inductive or empirical grounds, there is no such other law or 
cause to be entertained.' 

The adaptationist programme can be traced through common styles of argu- 
ment. We illustrate just a few; we trust they will be recognized by all: 

(1) If one adaptive argument fails, try another. Zig-zag commissures of clams 
and brachiopods, once widely regarded as devices for strengthening the shell, 
become sieves for restricting particles above a given size (Rudwick I964). A suite 
of external structures (horns, antlers, tusks) once viewed as weapons against 
predators, become symbols of intraspecific competition among males (Davitashvili 
I96I). The eskimo face, once depicted as 'cold engineered' (Coon et al. I950), 

becomes an adaptation to generate and withstand large masticatory forces (Shea 
I977). We do not attack these newer interpretations; they may all be right. We do 
wonder, though, whether the failure of one adaptive explanation should always 
simply inspire a search for another of the same general form, rather than a con- 
sideration of alternatives to the proposition that each part is 'for' some specific 
purpose. 

(2) If one adaptive argument fails, assume that another must exist; a weaker 
version of the first argument. Costa & Bisol (I978), for example, hoped to find a 
correlation between genetic polymorphism and stability of environment in the 
deep sea, but they failed. They conclude (I978, pp. 132, 133): 'The degree of 
genetic polymorphism found would seem to indicate absence of correlation with 
the particular environmental factors which characterize the sampled area. The 
results suggest that the adaptive strategies of organisms belonging to different 
phyla are different.' 

(3) In the absence of a good adaptive argument in the first place, attribute 
failure to imperfect understanding of where an organism lives and what it does. 
This is again an old argument. Consider Wallace on why all details of colour and 
form in land snails must be adaptive, even if different animals seem to inhabit the 
same environment (I899, p. 148): 'The exact proportions of the various species of 
plants, the numbers of each kind of insect or of bird, the peculiarities of more or 
less exposure to sunshine or to wind at certain critical epochs, and other slight 
differences which to us are absolutely immaterial and unrecognizable, may be of 

[ 152 ] 

This content downloaded from 131.104.148.118 on Mon, 05 Oct 2015 15:27:55 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Critique of the adaptationist programme 587 

the highest significance to these humble creatures, and be quite sufficient to 
require some slight adjustments of size, form, or colour, which natural selection 
will bring about.' 

(4) Emphasize immediate utility and exclude other attributes of form. Fully 
half the explanatory information accompanying the full-scale Fibreglass Tyran- 
nosaurus at Boston's Museum of Science reads: 'Front legs a puzzle: how Tyran- 
nosaurus used its tiny front legs is a scientific puzzle; they were too short even to 
reach the mouth. They may have been used to help the animal rise from a lying 
position.' (We purposely choose an example based on public impact of science to 
show how widely habits of the adaptationist programme extend. We are not using 
glass beasts as straw men; similar arguments and relative emphases, framed in 
different words, appear regularly in the professional literature.) We don't doubt 
that Tyrannosaurus used its diminutive front legs for something. If they had 
arisen de novo, we would encourage the search for some immediate adaptive 
reason. But they are, after all, the reduced product of conventionally functional 
homologues in ancestors (longer limbs of allosaurs, for example). As such, we do 
not need an explicitly adaptive explanation for the reduction itself. It is likely to 
be a developmental correlate of allometric fields for relative increase in head and 
hindlimb size. This non-adaptive hypothesis can be tested by conventional 
allometric methods (Gould (I974) in general; Lande (1978) on limb reduction) and 
seems to us both more interesting and fruitful than untestable speculations based 
on secondary utility in the best of possible worlds. One must not confuse the fact 
that a structure is used in some way (consider again the spandrels, ceiling spaces 
and Aztec bodies) with the primary evolutionary reason for its existence and 
conformation. 

3. TELLING STORIES 

'All this is a manifestation of the rightness of things, since if there is a volcano 
at Lisbon it could not be anywhere else. For it is impossible for things not to be 
where they are, because everything is for the best' (Dr Pangloss on the great 
Lisbon earthquake of 1755 in which up to 50000 people lost their lives). 
We would not object so strenuously to the adaptationist programme if its 

invocation, in any particular case, could lead in principle to its rejection for want 
of evidence. We might still view it as restrictive and object to its status as an 
argument of first choice. But if it could be dismissed after failing some explicit 
test, then alternatives would get their chance. Unfortunately, a common procedure 
among evolutionists does not allow such definable rejection for two reasons. First, 
the rejection of one adaptive story usually leads to its replacement by another, 
rather than to a suspicion that a different kind of explanation might be required. 
Since the range of adaptive stories is as wide as our minds are fertile, new stories 
can always be postulated. And if a story is not immediately available, one can 
always plead temporary ignorance and trust that it will be forthcoming, as did 
Costa & Bisol (1978), cited above. Secondly, the criteria for acceptance of a story 
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are so loose that many pass without proper confirmation. Often, evolutionists 
use consistency with natural selection as the sole criterion and consider their work 
done when they concoct a plausible story. But plausible stories can always be told. 
The key to historical research lies in devising criteria to identify proper explanations 
among the substantial set of plausible pathways to any modern result. 

We have, for example (Gould I978) criticized Barash's (I976) work on aggression 
in mountain bluebirds for this reason. Barash mounted a stuffed male near the nests 
of two pairs of bluebirds while the male was out foraging. He did this at the same 
nests on three occasions at 10 day intervals: the first before eggs were laid, the 
last two afterwards. He then counted aggressive approaches of the returning male 
towards both the model and the female. At time one, aggression was high towards 
the model and lower towards females but substantial in both nests. Aggression 
towards the model declined steadily for times two and three and plummeted to 
near zero towards females. Barash reasoned that this made evolutionary sense 
since males would be more sensitive to intruders before eggs were laid than after- 
wards (when they can have some confidence that their genes are inside). Having 
devised this plausible story, he considered his work as completed (I976, pp. 1099, 
1100): 

'The results are consistent with u. 3xpectations of evolutionary theory. 
Thus aggression toward an intruding male (the model) would clearly be especially 
advantageous early in the breeding season, when territories and nests are 
normally defended ... The initial aggressive response to the mated female is also 
adaptive in that, given a situation suggesting a high probabiiity of adultery 
(i.e. the presence of the model near the female) and assuming that replacement 
females are available, obtaining a new mate would enhance the fitness of males... 
The decline in male-female aggressiveness during incubation and fledgling stages 
could be attributed to the impossibility of being cuckolded after the eggs have 
been laid... The results are consistent with an evolutionary interpretation.' 

They are indeed consistent, but what about an obvious alternative, dismissed 
without test by Barash? Male returns at times two and three, approaches the 
model, tests it a bit, recognizes it as the same phoney he saw before, and doesn't 
bother his female. Why not at least perform the obvious test for this alternative 
to a conventional adaptive story: expose a male to the model for the first time 
after the eggs are laid. 

Since we criticized Barash's work, Morton et al. (I978) repeated it, with some 
variations (including the introduction of a female model), in the closely related 
eastern bluebird Sialia sialis. 'We hoped to confirm', they wrote, that Barash's 
conclusions represent 'a widespread evolutionary reality, at least within the genus 
Sialia. Unfortunately, we were unable to do so.' They found no 'anticuckoldry' 
behaviour at all: males never approached their females aggressively after testing 
the model at any nesting stage. Instead, females often approached the male model 
and, in any case, attacked female models more than males attacked male models. 
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'This violent response resulted in the near destruction of the female model after 
presentations and its complete demise on the third, as a female flew off with the 
model's head early in the experiment to lose it for us in the brush' (1978, p. 969). 
Yet, instead of calling Barash's selected story into question, they merely devise 
one of their own to render both results in the adaptationist mode. Perhaps, they 
conjecture, replacement females are scarce in their species and abundant in 
Barash's. Since Barash's males can replace a potentially 'unfaithful' female, they 
can afford to be choosy and possessive. Eastern bluebird males are stuck with 
uncommon mates and had best be respectful. They conclude: 'If we did not 
support Barash's suggestion that male bluebirds show anticuckoldry adaptations, 
we suggest that both studies still had "results that are consistent with the ex- 
pectations of evolutionary theory" (Barash 1976, p. 1099), as we presume any 
careful study would.' But what good is a theory that cannot fail in careful study 
(since by 'evolutionary theory', they clearly mean the action of natural selection 
applied to particular cases, rather than the fact of transmutation itself). 

4. THE MASTER'S VOICE RE-EXAMINED 

Since Darwin has attained sainthood (if not divinity) among evolutionary 
biologists, and since all sides invoke God's allegiance, Darwin has often been 
depicted as a radical selectionist at heart who invoked other mechanisms only in 
retreat, and only as a result of his age's own lamented ignorance about the 
mechanisms of heredity. This view is false. Although Darwin regarded selection 
as the most important of evolutionary mechanisms (as do we), no argument from 
opponents angered him more than the common attempt to caricature and trivialize 
his theory by stating that it relied exclusively upon natural selection. In the last 
edition of the Origin, he wrote (I872, p. 395): 

'As my conclusions have lately been much misrepresented, and it has been 
stated that I attribute the modification of species exclusively to natural selection, 
I may be permitted to remark that in the first edition of this work, and sub- 
sequently, I placed in a most conspicuous position - namely at the close of the 
Introduction -the following words: "I am convinced that natural selection 
has been the main, but not the exclusive means of modification." This has been 
of no avail. Great is the power of steady misinterpretation.' 

Romanes, whose once famous essay (I900) on Darwin's pluralism versus the 
panselectionism of Wallace and Weismann deserves a resurrection, noted of this 
passage (i900, p. 5): 'In the whole range of Darwin's writings there cannot be 
found a passage so strongly worded as this: it presents the only note of bitterness 
in all the thousands of pages which he has published.' Apparently, Romanes did 
not know the letter Darwin wrote to Nature in 1880, in which he castigated Sir 
Wyville Thomson for caricaturing his theory as panselectionist (i88o, p. 32): 
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'I am sorry to find that Sir Wyville Thomson does not understand the principle 

of natural selection ... If he had done so, he could not have written the following 
sentence in the Introduction to the Voyage of the Challenger: "The character 
of the abyssal fauna refuses to give the least support to the theory which refers 
the evolution of species to extreme variation guided only by natural selection." 
This is a standard of criticism not uncommonly reached by theologians and 
metaphysicians when they write on scientific subjects, but is something new 

as coming from a naturalist... Can Sir Wyville Thomson name any one who 
has said that the evolution of species depends only on natural selection? As far 

as concerns myself, I believe that no one has brought forward so many observa- 

tions on the effects of the use and disuse of parts, as I have done in my " Variation 

of Animals and Plants under Domestication"; and these observations were 
made for this special object. I have likewise there adduced a considerable body 

of facts, showing the direct action of external conditions on organisms.' 

We do not now regard all of Darwin's subsidiary mechanisms as significant or 
even valid, though many, including direct modification and correlation of growth, 
are very important. But we should cherish his consistent attitude of pluralism 
in attempting to explain Nature's complexity. 

5. A PARTIAL TYPOLOGY OF ALTERNATIVES TO THE 

ADAPTATIONIST PROGRAMME 

In Darwin's pluralistic spirit, we present an incomplete hierarchy of alternatives 

to immediate adaptation for the explanation of form, function, and behaviour. 

(1) No adaptation and no selection at all. At present, population geneticists are 

sharply divided on the question of how much genetic polymorphism within 

populations and how much of the genetic differences between species is, in fact, 
the result of natural selection as opposed to purely random factors. Populations 
are finite in size and the isolated populations that form the first step in the 

speciation process are often founded by a very small number of individuals. As a 

result of this restriction in population size, frequencies of alleles change by genetic 

drift, a kind of random genetic sampling error. The stochastic process of change in 

gene frequency by random genetic drift, including the very strong sampling process 
that goes on when a new isolated population is formed from a few immigrants, has 

several important consequences. First, populations and species will become 

genetically differentiated, and even fixed for different alleles at a locus in the com- 

plete absence of any selective force at all. 
Secondly, alleles can become fixed in a population in spite of natural selection. 

Even if an allele is favoured by natural selection, some proportion of population, 
depending upon the product of population size N and selection intensity s, will 

become homozygous for the less fit allele because of genetic drift. If Ns is 

large this random fixation for unfavourable alleles is a rare phenomenon, but if 
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selection coefficients are on the order of the reciprocal of population size (Ns = 1) 
or smaller, fixation for deleterious alleles is common. If many genes are involved 
in influencing a metric character like shape, metabolism or behaviour, then the 
intensity of selection on each locus will be small and Ns per locus may be small. 
As a result, many of the loci may be fixed for non-optimal alleles. 

Thirdly, new mutations have a small chance of being incorporated into a 
population, even when selectively favoured. Genetic drift causes the immediate 
loss of most new mutations after their introduction. With a selection intensity s, 
a new favourable mutation has a probability of only 2s of ever being incorporated. 
Thus, one cannot claim that, eventually, a new mutation of just the right sort for 
some adaptive argument will occur and spread. 'Eventually' becomes a very long 
time if only one in 1000 or one in 10000 of the 'right' mutations that do occur 
ever get incorporated in a population. 

(2) No adaptation and no selection on the part at issue; form of the part is a 
correlated consequence of selection directed elsewhere. Under this important 
category, Darwin ranked his 'mysterious' laws of the 'correlation of growth'. 
Today, we speak of pleiotropy, allometry, 'material compensation' (Rensch 1959, 

pp. 179-187) and mechanically forced correlations in D'Arcy Thompson's sense 
(1942; Gould 1971). Here we come face to face with organisms as integrated 
wholes, fundamentally not decomposable into independent and separately opti- 
mized parts. 

Although allometric patterns are as subject to selection as static morphology 
itself (Gould i966), some regularities in relative growth are probably not under 
immediate adaptive control. For example, we do not doubt that the famous 0.66 
interspecific allometry of brain size in all major vertebrate groups represents a 
selected 'design criterion,' though its significance remains elusive (Jerison 1973). 
It is too repeatable across too wide a taxonomic range to represent much else than 
a series of creatures similarly well designed for their different sizes. But another 
common allometry, the 0.2 to 0.4 intraspecific scaling among homeothermic 
adults differing in body size, or among races within a species, probably does not 
require a selectionist story though many, including one of us, have tried to 
provide one (Gould 1974). R. Lande (personal communication) has used the 
experiments of Falconer (1973) to show that selection upon body size alone yields 
a brain-body slope across generations of 0.35 in mice. 

More compelling examples abound in the literature on selection for altering the 
timing of maturation (Gould 1977). At least three times in the evolution of arthro- 
pods (mites, flies and beetles), the same complex adaptation has evolved, apparently 
for rapid turnover of generations in strongly r-selected feeders on superabundant 
but ephemeral fungal resources: females reproduce as larvae and grow the next 
generation within their bodies. Offspring eat their mother from inside and emerge 
from her hollow shell, only to be devoured a few days later by their own progeny. 
It would be foolish to seek adaptive significance in paedomorphic morphology per 
se; it is primarily a by-product of selection for rapid cycling of generations. In 
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more interesting cases, selection for small size (as in animals of the interstitial 
fauna) or rapid maturation (dwarf males of many crustaceans) has occurred by 
progenesis (Gould I977, pp. 324-336), and descendant adults contain a mixture 
of ancestral juvenile and adult features. Many biologists have been tempted to 
find primary adaptive meaning for the mixture, but it probably arises as a by- 
product of truncated maturation, leaving some features 'behind' in the larval 
state, while allowing others, more strongly correlated with sexual maturation, 
to retain the adult configuration of ancestors. 

(3) The decoupling of selection and adaptation. 
(i) Selection without adaptation. Lewontin (I979) has presented the following 

hypothetical example: 'A mutation which doubles the fecundity of individuals 
will sweep through a population rapidly. If there has been no change in efficiency 
of resource utilization, the individuals will leave no more offspring than before, 
but simply lay twice as many eggs, the excess dying because of resource limitation. 
In what sense are the individuals or the population as a whole better adapted 
than before? Indeed, if a predator on immature stages is led to switch to the species 
now that immatures are more plentiful, the population size may actually decrease 
as a consequence, yet natural selection at all times will favour individuals with 
higher fecundity.' 

(ii) Adaptation without selection. Many sedentary marine organisms, sponges 
and corals in particular, are well adapted to the flow regimes in which they live. 
A wide spectrum of 'good design' may be purely phenotypic in origin, largely 
induced by the current itself. (We may be sure of this in numerous cases, when 
genetically identical individuals of a colony assume different shapes in different 
microhabitats.) Larger patterns of geographic variation are often adaptive and 
purely phenotypic as well. Sweeney & Vannote (1978), for example, showed that 
many hemimetabolous aquatic insects reach smaller adult size with reduced 
fecundity when they grow at temperatures above and below their optima. Coherent, 
climatically correlated patterns in geographic distribution for these insects - so 
often taken as a priori signs of genetic adaptation - may simply reflect this 
phenotypic plasticity. 

'Adaptation' - the good fit of organisms to their environment - can occur at 
three hierarchical levels with different causes. It is unfortunate that our language 
has focused on the common result and called all three phenomena 'adaptation': 
the differences in process have been obscured and evolutionists have often been 
misled to extend the Darwinian mode to the other two levels as well. First, we 
have what physiologists call 'adaptation': the phenotypic plasticity that permits 
organisms to mould their form to prevailing circumstances during, ontogeny. 
Human 'adaptations' to high altitude fall into this category (while others, like 
resistance of sickling heterozygotes to malaria, are genetic and Darwinian). 
Physiological adaptations are not heritable, though the capacity to develop them 
presumably is. Secondly, we have a 'heritable' form of non-Darwinian adaptation 
in humans (and, in rudimentary ways, in a few other advanced social species): 
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cultural adaptation (with heritability imposed by learning). Much confused 
thinking in human sociobiology arises from a failure to distinguish this mode from 
Darwinian adaptation based on genetic variation. Finally, we have adaptation 
arising from the conventional Darwinian mechanism of selection upon genetic 
variation. The mere existence of a good fit between organism and environment is 
insufficient evidence for inferring the action of natural selection. 

(4) Adaptation and selection but no selective basis for differences among 
adaptations. Species of related organisms, or subpopulations within a species, 
often develop different adaptations as solutions to the same problem. When 
'multiple adaptive peaks' are occupied, we usually have no basis for asserting 
that one solution is better than another. The solution followed in any spot is a 
result of history; the first steps went in one direction, though others would have 
led to adequate prosperity as well. Every naturalist has his favourite illustration. 
In the West Indian land snail Cerion, for example, populations living on rocky 
and windy coasts almost always develop white, thick and relatively squat shells 
for conventional adaptive reasons. We can identify at least two different develop- 
mental pathways to whiteness from the mottling of early whorls in all Cerion, 
two paths to thickened shells and three styles of allometry leading to squat shells. 
All 12 combinations can be identified in Bahamian populations, but would it 
be fruitful to ask why - in the sense of optimal design rather than historical 
contingency - Cerion from eastern Long Island evolved one solution, and Cerion 
from Acklins Island another? 

(5) Adaptation and selection, but the adaptation is a secondary utilization of 
parts present for reasons of architecture, development or history. We have already 
discussed this neglected subject in the first section on spandrels, spaces and 
cannibalism. If blushing turns out to be an adaptation affected by sexual selection 
in humans, it will not help us to understand why blood is red. The immediate 
utility of an organic structure often says nothing at all about the reason for its being. 

6. ANOTHER, AND UNFAIRLY MALIGNED, APPROACH TO EVOLUTION 

In continental Europe, evolutionists have never been much attracted to the 
Anglo-American penchant for atomizing organisms into parts and trying to 
explain each as a direct adaptation. Their general alternative exists in both a 
strong and a weak form. In the strong form, as advocated by such major theorists 
as Schindewolf (1950), Remane (1971), and Grasse (1977), natural selection under 
the adaptationist programme can explain superficial modifications of the Bauplan 
that fit structure to environment: why moles are blind, giraffes have long necks, 
and ducks webbed feet, for example. But the important steps of evolution, the 
construction of the Bauplan itself and the transition between Bauplane, must 
involve some other unknown, and perhaps 'internal', mechanism. We believe that 
English biologists have been right in rejecting this strong form as close to an appeal 
to mysticism. 
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But the argument has a weaker - and paradoxically powerful - form that has 

not been appreciated, but deserves to be. It also acknowledges conventional 

selection for superficial modifications of the Bauplan. It also denies that the 

adaptationist programme (atomization plus optimizing selection on parts) can do 

much to explain Baupldne and the transitions between them. But it does not 
therefore resort to a fundamentally unknown process. It holds instead that the 

basic body plans of organisms are so integrated and so replete with constraints 

upon adaptation (categories 2 and 5 of our typology) that conventional styles of 

selective arguments can explain little of interest about them. It does not deny 

that change, when it occurs, may be mediated by natural selection, but it holds 

that constraints restrict possible paths and modes of change so strongly that the 

constraints themselves become much the most interesting aspect of evolution. 

Rupert Riedl, the Austrian zoologist who has tried to develop this thesis for 

English audiences (1977 and I975, now being translated into English by R. 

Jefferies), writes: 

'The living world happens to be crowded by universal patterns of organization 
which, most obviously, find no direct explanation through environmental con- 

ditions or adaptive radiation, but exist primarily through universal requirements 
which can only be expected under the systems conditions of complex organization 

itself ... This is not self-evident, for the whole of the huge and profound thought 
collected in the field of morphology, from Goethe to Remane, has virtually 
been cut off from modern biology. It is not taught in most American universities. 
Even the teachers who could teach it have disappeared.' 

Constraints upon evolutionary change may be ordered into at least two cate- 

gories. All evolutionists are familiar with phyletic constraints, as embodied in 

Gregory's classic distinction (1936) between habitus and heritage. We acknow- 

ledge a kind of phyletic inertia in recognizing, for example, that humans are not 

optimally designed for upright posture because so much of our Bauplan evolved 

for quadrupedal life. We also invoke phyletic constraint in explaining why no 

molluscs fly in air and no insects are as large as elephants. 
Developmental constraints, a subcategory of phyletic restrictions, may hold the 

most powerful rein of all over possible evolutionary pathways. In complex 

organisms, early stages of ontogeny are remarkably refractory to evolutionary 

change, presumably because the differentiation of organ systems and their 

integration into a functioning body is such a delicate process, so easily derailed 

by early errors with accumulating effects. Von Baer's fundamental embryological 
laws (i8z8) represent little more than a recognition that early stages are both 

highly conservative and strongly restrictive of later development. Haeckel's 

biogenetic law, the primary subject of late nineteenth century evolutionary 

biology, rested upon a misreading of the same data (Gould I977). If development 

occurs in integrated packages, and cannot be pulled apart piece by piece in 

evolution, then the adaptationist programme cannot explain the alteration of 

developmental programmes underlying nearly all changes of Bauplan. 
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The German palaeontologist A. Seilacher, whose work deserves far more attention 
than it has received, has emphasized what he calls ' bautechnischer', or architectural, 
constraints (Seilacher I 970). These arise not from former adaptations retained in 
a new ecological setting (phyletic constraints as usually understood), but as 
architectural restrictions that never were adaptations, but rather the necessary 
consequences of materials and designs selected to build basic Baupline. We devoted 
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FIGURE 3. The range of divaricate patterns in molluscs. E, F, H, and L are non-functional in 
Seilacher's judgement. A-D are functional ribs (but these are far less common than non- 
functional ribs of the form E). G is the mimetic Arca zebra. K is Corculum. See text for 
details. 

the first section of this paper to non-biological examples in this category. Spandrels 
must exist once a blueprint specifies that a dome shall rest on rounded arches. 
Architectural constraints can exert a far-ranging influence upon organisms as well. 
The subject is full of potential insight because it has rarely been acknowledged at 
all. 

In a fascinating example, Seilacher (I972) has shown that the divaricate form 
of architecture (figure 3) occurs again and again in all groups of molluscs, and in 
brachiopods as well. This basic form expresses itself in a wide variety of structures: 
raised ornamental lines (not growth lines because they do not conform to the 
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mantle margin at any time), patterns of coloration, internal structures in the 
mineralization of calcite, and incised grooves. He does not know what generates 
this pattern and feels that traditional and nearly exclusive focus on the adaptive 
value of each manifestation has diverted attention from questions of its genesis 
in growth and also prevented its recognition as a general phenomenon. It must 
arise from some characteristic pattern of inhomogeneity in the growing mantle, 
probably from the generation of interference patterns around regularly spaced 
centres; simple computer simulations can generate the form in this manner 
(Waddington & Cowe I969). The general pattern may not be a direct adaptation 
at all. 

Seilacher then argues that most manifestations of the pattern are probably 
non-adaptive. His reasons vary, but seem generally sound to us. Some are based 
on field observations: colour patterns that remain invisible because clams possessing 
them either live buried in sediments or remain covered with a periostracum so 
thick that the colours cannot be seen. Others rely on more general principles: 
presence only in odd and pathological individuals, rarity as a developmental 
anomaly, excessive variability compared with much reduced variability when the 
same general structure assumes a form judged functional on engineering grounds. 

In a distinct minority of cases, the divaricate pattern becomes functional in 
each of the four categories (figure 3). Divaricate ribs may act as scoops and 
anchors in burrowing (Stanley I970), but they are not properly arranged for 
such function in most clams. The colour chevrons are mimetic in one species 
(Pteria zebra) that lives on hydrozoan branches; here the variability is strongly 
reduced. The mineralization chevrons are probably adaptive in only one remark- 
able creature, the peculiar bivalve Corculum cardissa (in other species, they either 
appear in odd specimens or only as post-mortem products of shell erosion). This 
clam is uniquely flattened in an anterio-posterior direction. It lies on the substrate, 
posterior up. Distributed over its rear end are divaricate triangles of mineralization. 
They are translucent, while the rest of the shell is opaque. Under these windows 
dwell endosymbiotic algae! 

All previous literature on divaricate structure has focused on its adaptive 
significance (and failed to find any in most cases). But Seilacher is probably right 
in representing this case as the spandrels, ceiling holes and sacrificed bodies of 

our first section. The divaricate pattern is a fundamental architectural constraint. 
Occasionally, since it is there, it is used to beneficial effect. But we cannot under- 
stand the pattern or its evolutionary meaning by viewing these infrequent and 
secondary adaptations as a reason for the pattern itself. 

Galton (I909, p. 257) contrasted the adaptationist programme with a focus on 
constraints and modes of development by citing a telling anecdote about Herbert 

Spencer's fingerprints: 

'Much has been written, but the last word has not been said, on the rationale 
of these curious papillary ridges; why in one man and in one finger they form 
whorls and in another loops. I may mention a characteristic anecdote of Herbert 
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Spencer in connection with this. He asked me to show him my Laboratory 
and to take his prints, which I did. Then I spoke of the failure to discover the 
origin of these patterns, and how the fingers of unborn children had been 
dissected to ascertain their earliest stages, and so forth. Spencer remarked that 
this was beginning in the wrong way; that I ought to consider the purpose the 
ridges had to fulfil, and to work backwards. Here, he said, it was obvious that 
the delicate mouths of the sudorific glands required the protection given to them 
by the ridges on either side of them, and therefrom he elaborated a consistent 
and ingenious hypothesis at great length. I replied that his arguments were 
beautiful and deserved to be true, but it happened that the mouths of the ducts 
did not run in the valleys between the crests, but along the crests of the ridges 
themselves. 

We feel that the potential rewards of abandoning exclusive focus on the 
adaptationist programme are very great indeed. We do not offer a council of 
despair, as adaptationists have charged; for non-adaptive does not mean non- 
intelligible. We welcome the richness that a pluralistic approach, so akin to 
Darwin's spirit, can provide. Under the adaptationist programme, the great 
historic themes of developmental morphology and Bauplan were largely aban- 
doned; for if selection can break any correlation and optimize parts separately, 
then an organism's integration counts for little. Too often, the adaptationist 
programme gave us an evolutionary biology of parts and genes, but not of organ- 
isms. It assumed that all transitions could occur step by step and underrated the 
importance of integrated developmental blocks and pervasive constraints of 
history and architecture. A pluralistic view could put organisms, with all their 
recalcitrant, yet intelligible, complexity, back into evolutionary theory. 
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1. Introduction
Debate about adaptationism in biology continues, in part because within “the” problem of
assessing adaptationism, three distinct problems are mixed together. The three problems
concern the assessment of three distinct adaptationist positions, each of which asserts the
central importance of adaptation and natural selection to the study of evolution, but
conceives this importance in a different way. As there are three kinds of adaptationism, there
are three distinct "anti-adaptationist" positions as well. Or putting it more formally, there are
three different dimensions here, and strongly adaptationist views, strongly anti-adaptationist
views, and moderate views are possible for each dimension.

Understanding the distinctions between the three adaptationist positions will not
remove all controversy, but some progress can be made through clarifying the distinctions.
In particular, progress can be made by recognizing that evidence against one kind of
adaptationism need not also be evidence against other kinds. So the main aims of this paper
are classification and clarification. I will describe the three kinds of adaptationism, and then
discuss the evidence relevant to each. In particular, I will try to say which problems might be
solved directly through empirical research, and which are more philosophical in character.
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2. A Statement of the Distinctions
Here are the three kinds of adaptationism I recognize:

Empirical Adaptationism: Natural selection is a powerful and ubiquitous force,
and there are few constraints on the biological variation that fuels it. To a large
degree, it is possible to predict and explain the outcome of evolutionary processes
by attending only to the role played by selection. No other evolutionary factor has
this degree of causal importance.

This, I suppose, is the most familiar of the three views. As I understand it, this view
is primarily a contingent, empirical claim about the biological world. Clearly this view can be
held in both strong and weak forms; I have expressed it here in a strong form but it could be
qualified in various ways. As empirical adaptationism is a claim about the actual biological
world, in order to decide whether it is true we must engage in scientific investigation of that
world -- we must apply the usual combinations of observation, experiment, hypothesis,
model-building and so on. We must determine whether selection does, or does not, have the
unique causal capacities claimed for it.

Explanatory Adaptationism: The apparent design of organisms, and the
relations of adaptedness between organisms and their environments, are the big
questions, the amazing facts in biology. Explaining these phenomena is the core
intellectual mission of evolutionary theory. Natural selection is the key to solving
these problems -- selection is the big answer. Because it answers the biggest
questions, selection has unique explanatory importance among evolutionary
factors.

This is the most misunderstood of the three adaptationist theses, and the one
responsible for the most vexing conceptual problems in the adaptationism debates. The
reason for this is the fact that explanatory adaptationism combines a straightforward
scientific idea -- the idea that selection explains adaptedness -- with an idea that is a
controversial mixture of science and philosophy. This more controversial idea is the claim
that apparent design has special status as a biological phenomenon. A crucial point here is
that selection can have this kind of central importance even if it is rare. Even if selection is
not at all ubiquitous, even if it is massively constrained, even if it is positively feeble most of
the time, so long as selection is able to solve the problem of apparent design it is the most
important evolutionary factor.
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In my formulation of explanatory adaptationism I distinguished two components of
the problem that evolutionary theory is seen as solving. These components are (i) the
apparent design of organisms, and (ii) their relations of  adaptedness to their environments.
I distinguish these two in order to avoid controversy. Some might think that these are the
same issue, or that one of the two is primary, while others might hold that there are two
distinct questions. An observer might first be struck by apparent design considered as a
strictly intrinsic feature of organisms -- by the simultaneous complexity and reliability of
many biological mechanisms, for example. Beyond that there is the apparent suitability of
these mechanisms for dealing with specific environments. That is, it might be possible to be
struck first by the complexity of the eye itself, and second by its facility for enabling useful
vision. In my formulation I mention both issues, to be sure to capture both, although some
biologists might recognize or emphasize only one. In later sections of this paper I will refer
just to "the problem of design," although strictly speaking I mean "the problem(s) of
apparent design and/or adaptedess."

Explanatory adaptationism combines a claim about biology's key problem with a
claim about its solution. It would be possible, in principle, to accept that apparent design or
adaptedness is the central problem, while preferring a non-selectionist solution. I will not
discuss this (fairly radical) position here. Note that a position of that kind is probably
harder to defend about adaptedness than about design. And in general, it makes more sense
for non-selectionist views to reject the idea that design and adaptedness are the central
questions in biology.

Also, an explanatory adaptationism which holds that selection is the only possible
naturalistic and non-theological solution to the problem of design is stronger than a view
holding that selection is just the actual solution (although other solutions are possible in
principle). I will assume the stronger view here, although much of what I say will apply to
both positions.

The third kind of adaptationism is a simpler idea:

Methodological Adaptationism: The best way for scientists to approach
biological systems is to look for features of adaptation and good design. Adaptation
is a good “organizing concept” for evolutionary research.

This kind of adaptationism is not a claim about the actual role of selection in the
world; it is a policy recommendation for biologists, a suggestion about how they should
think about organisms and how best to organize investigation. Unlike explanatory
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adaptationism, this third view need not make any claim about which biological problems are
the most important ones. Methodological adaptationism recommends a heuristic, and no
more.

Distinctions of roughly the type I employ here are often applied to behaviorism,
which is found in both psychological and philosophical versions. Amundson (1988) made a
connection between these classifications of behaviorist views, and the adaptationism debates.
The distinctions I make here are different from Amundson's, but his discussion influenced
the present paper.

3. On the Relations Between the Three Views.
In understanding the links between these three positions the first and most important point
is that all three are, in the strict sense, logically independent of the others. No one of these
forms of adaptationism implies another. That is not to say that none of them supports
another, but as far as literal implication goes, any combination of “yes’s” and “no’s” is
possible.

The relation between the first two views -- empirical and explanatory adaptationism -
- is the most complicated. First, it should be clear that one can accept empirical
adaptationism without accepting explanatory adaptationism. The key part of explanatory
adaptationism here is its claim that apparent design and adaptedness are the most important
biological problems. One might hold that there is no such thing as “the most important”
biological problem; maybe all biological problems have comparable importance or perhaps
it is up to the individual to decide what they find most interesting. A view of this kind is
inconsistent with explanatory adaptationism. But such a view is compatible with the idea that
selection is, as a matter of fact, causally pre-eminent.

Even among those willing to make claims about the "most important problems" for
biology, explanatory adaptationism might be rejected. It is also possible to argue that some
other phenonema, besides apparent design and adaptedness, are the biologically central
ones. Diversity is one rival candidate. Some evolutionists have written as if adaptedness and
diversity are the two key problems. Another possible contender is order in biological
systems. Or, moving away from these rather theoretically loaded concepts, it might be
claimed that the central task for the evolutionary parts of biology, at least, is historical; the
goal is to accurately represent the complete tree of phylogenetic relationships between
species.

It is also possible to accept explanatory adaptationism without accepting empirical
adaptationism. This is an important option, as some problems with the published literature
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arise from a neglect of this possibility. It is entirely coherent to hold that when one surveys
the biological world as a whole, selection is a minor player, while also holding that when one
tries to explain the most vexing biological phenomena, selection is uniquely important. One
can view the bulk of what goes on in evolving systems as mere “noise,” as unimportant
happenstance. On this combination of views, selection is rare but it occurs often enough to
answer the big questions, and these are questions that nothing else can answer.

I conjecture that Richard Dawkins holds the combination I have just described --
explanatory adaptationism but not empirical adaptationism. There is little doubt that he
accepts explanatory adaptationism. The first chapter of The Blind Watchmaker (1986) is an
extended defence of the claim that apparent design in nature poses a uniquely important
problem for the scientific world view, and biology’s special task is to solve this problem.
First the problem is raised and then, in subsequent chapters of the book, natural selection is
enthroned as the solution. The same work supplies my main evidence for the idea that
Dawkins rejects empirical adaptationism. This is seen in particular in his discussion of
Kimura’s neutral theory of molecular evolution.

Neutralism (Kimura 1983) claims that most genetic variation observed at the
molecular level is not to be explained in terms of selection; it is a consequence of mutation
and random genetic drift. Neutralism is a denial of the omnipresence of selection -- a denial
of empirical adaptationism -- and through recent decades there has been a lively debate
between neutralists and their “selectionist” opponents. Dawkins, however, sees himself as
having nothing invested in this debate. If the neutralists win he gains a useful tool (a reliable
molecular clock) but their denial of selectionism does not even touch on his core claims.
This is because the dynamics described by neutralism are agreed on all sides to have no
direct role in the explanation of well-adapted, apparently-designed phenotypes. The
neutralists are not even trying to answer the big questions about apparent design in nature;
they are trying to describe genetic variation considered impartially as a whole. Selection
might only explain 1% of all molecular genetic change, but (Dawkins and others will say)
this is the 1% that counts.

So from the point of view of explanatory adaptationism, the debate over neutralism
runs like water off a well-adapted duck’s back. The same is true of much of the debate over
developmental constraints, the role of population structure and the genetic system in relation
to selection, and also punctuated equilibrium. The explanatory adaptationist can grant a great
many points made by critics, and need only stand and fight when the anti-adaptationist
claims to be revising the overall structure of Darwinian explanation, and revising the role of
selection in the explanation of apparent design. This is the pattern of a good deal of
Dawkins’ response to his biological critics. For example: "[L]arge quantities of
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evolutionary change may be non-adaptive, in which case these alternative theories may well
be important in parts of evolution, but only in the boring parts of evolution..." (1986 p. 303)
Daniel Dennett, in Darwin’s Dangerous Idea (1995), also defends explanatory
adaptationism, and he adopts a similar strategy to Dawkins much of the time. Other
explanatory adaptationists who I take to be more cautious about empirical adaptationism
include Robert Brandon (1990) and Kim Sterelny (Sterelny and Griffiths, forthcoming, and
personal correspondence).

Although Dawkins and Dennett often exemplify explanatory adaptationism without
empirical adaptationism, this is not how they always write. Sometimes they move to a more
ambitious position, one which does make a claim about the amount of the biological world
that has been shaped by selection. Dawkins talks of the special status of the problem of
design, but also of the "sheer hugeness" of the phenomenon (1986 p. 15). A move to a
stronger view is sometimes made in the form of an admonishment to those who would seek
non-selectionist explanations too readily.

Time and again, biologists baffled by some apparently futile or maladroit bit of
bad design in nature have eventually come to see that they have underestimated the
ingenuity, the sheer brilliance, the depth of insight to be discovered in Mother
Nature’s creations. (Dennett 1995 p. 74).

The more ambitious view that Dawkins and Dennett sometimes suggest is one that
combines all three forms of adaptationism. This is a view in which design is seen as
ubiquitous even when it is not obvious, and the main methodological risk for biologists
derives from a willingness to put forward non-selectionist explanations when an adaptive
function is not immediately visible.

When an explanatory adaptationist makes claims of this more ambitious sort, the
standard range of anti-selectionist criticisms becomes relevant. Then the adaptationist must
confront the issues of developmental constraint, drift and the rest. Lewontin has expressed
exasperation at Dawkins’ apparent blindness to these issues; Dawkins focuses his account
of Darwinism entirely on selection “while the entire body of technical advance in
experimental and theoretical evolutionary genetics of the last fifty years has moved in the
direction of emphasizing non-selective forces in evolution” (1997 p. 30). Lewontin's
interpretation of the recent history of evolutionary genetics will be controversial to many, but
my point is that the explanatory adaptationist can simply downplay many of the issues that
Lewontin has in mind. For the pure explanatory adaptationist, the centrality of selection to
evolution is untouched by the ongoing refinement of population genetic work on the relation
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of selection to drift and the dynamics of multi-locus systems. So long as such work does
not call into question the idea that selection is the sole systematic source of apparent design,
it can be viewed by the explanatory adaptationist as mere detail. The empirical adaptationist
does not have this luxury. The empirical adaptationist who says that selection is everywhere
must confront neutralism; the adaptationist who says that selection alone can predict where
an evolving system will go must deal with the population genetics of linkage. As I said
earlier, I do not see Dawkins (or Dennett) as consistently restricting their adaptationism to
explanatory adaptationism, so I view some of Lewontin’s exasperation as justified.

Empirical and explanatory adaptationism are logically independent of each other,
and methodological adaptationism is logically independent of both. Someone could hold
that although selection is in fact the dominant evololutionary factor, the prudent researcher
will approach each case with a cautious attitude in which non-selective explanations should
be ruled out before selection is invoked. Such an attitude rejects methodological
adaptationism, as I understand it. Perhaps G. C. Williams’ Adaptation and Natural
Selection (1966) exemplifies this combination of views. Williams is certainly an advocate of
selectionist explanation, but he also stresses that adaptation is a “special and onerous”
concept that must not be invoked unless it is shown to be really necessary. He discusses
adaptive explanation in detail in his 1966 book, but largely with the goal of preventing the
overuse of adaptationist concepts (especially, of course, group-selectionist uses).

Alternatively, a scientist might find that, as a matter of fact, the most helpful way to
proceed is to look for a selective explanation in every case, even if many phenomena are
eventually shown to have non-selective origins. Adaptive thinking might be held to be useful
for organizing research even in a world in which non-selective forces have a great deal of
causal power. One version of this view, stressed in comments by both a referee of this paper
and by Kim Sterelny, argues that methodological adaptationism might be particularly useful
if non-selective factors like developmental and genetic constraints are elusive and hard to
discover. Then when the hypothesis of optimality is investigated first, deviation from the
optimum provides evidence that other factors are at work, and perhaps the nature of the
deviation will give clues about where to look next. Analogous possibilities show the logical
independence of methodological from explanatory adaptationism.

In this section I have asserted the logical independence of each view from the others.
However, there is no doubt that some kinds of adaptationism, when combined with other
premises, do support other kinds. I will spend less time on this topic because the points I
will make are fairly obvious.

If one is an empirical adaptationist, then if one also believes in starting out an
investigation by looking at the “best guess” or most likely possibility, this gives some
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support to methodological adaptationism. Gould and Lewontin's famous 1979 "Spandrels"
paper challenges both methodological and empirical adaptationism, and one of their key
aims is to remove the support that methodological adaptationism derives from an acceptance
of empirical adaptationism.

Conversely, a person who found that using the adaptationist methodology seemed
usually to lead to good results might then have good reason to embrace empirical
adaptationism. On the other hand, it is harder to imagine an argument starting from a pure
methodological adaptationism and leading to explanatory adaptationism, though an
argument in the other direction might make sense. It is also hard to see an argument from
empirical adaptationism to explanatory adaptationism; explanatory adaptationism has its
roots elsewhere.

4. Problems of Evidence: Empirical Adaptationism
The next three sections will look at how we might decide for or against each of the three
adaptationist positions.

Issues of evidence and testing are simplest in the case of empirical adaptationism.
That is not to say that empirical adaptationism is an easy claim to test, but at least the
starting point is clear. Empirical adaptationism is a claim about the actual biological world,
so it should be tested scientifically. What is needed is a way of comparing the relative causal
importance of natural selection and other evolutionary factors.

In this discussion I will not attempt to analyze "relative causal importance" in detail,
although there are conceptual problems surrounding this concept, and the topic of causation
is one in which basic issues are still unresolved in philosophy. But one brief note about the
idea of the "power of selection" should be made. Evolutionists talk of the "power of
selection" to seek out optima when what is meant is the power of the variation-plus-selection
combination. For example, suppose the issue is whether "antagonistic" pleiotropic effects
can be overcome, via modifier genes that prevent the expression of bad traits pleiotropically
linked to good ones. Then (as Sober said in an earlier paper) the question at hand is really
"the power of mutation" to come up with an appropriate modifier (Sober 1987 p. 116). No
amount of selective advantage for this hypothetical gene makes it more likely to arise. So the
"power of selection" in the causation of biological characteristics should generally be
understood as the power of the basic variation-plus-selection combination that is central to
Darwinism. When I talk of the "power of selection" here, I mean the power of this
combination.
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Orzack and Sober (1994) have outlined a specific program for testing
"adaptationism." The adaptationist position they have in mind corresponds approximately to
my empirical adaptationism; their aim is to test the idea that natural selection is the most
powerful evolutionary force, and able to create near-optimal phenotypes. This claim (their
"O") is not exactly the same as empirical adaptationism as I understand it, because (as a
referee pointed out in comments on this paper) my empirical adaptationism does not require
that individual organisms exhibit optimal phenotypes. If the population reaches an
evolutionarily stable polymorphic state as a consequence of frequency-dependent selection,
for example, Orzack and Sober regard this as telling against the adaptationist view they are
assessing, but I do not regard this as telling against empirical adaptationism. This difference
between myself and Orzack and Sober will not matter to most of my discussion.

They propose that we test adaptationism by asking the following question: Are
predictions based only upon selection as good, or nearly as good, as predictions based on
consideration of the entire range of evolutionary forces? We should investigate a large range
of particular biological phenomena, and work out how adequate a purely selection-based
model is for explaining each. Orzack and Sober call these simpler models "censored," as the
models have had all or most non-selective factors removed. If, in a particular case, a
censored selectionist model fits the data so well that little or nothing would be gained from
adding more evolutionary factors to the analysis, adaptationism is vindicated in that case. If
adaptationism is vindicated in the great majority of cases, it is vindicated as a general claim
about the biological world.

I doubt that a test between models can be used to adjudicate all the issues
surrounding empirical adaptationism, but it is a good start. However, there might be a better
way to structure the contest. Or rather, a second type of contest between models could be
conducted alongside (and overlapping with) the contest described by Orzack and Sober.
Rather than envisaging a competition between an optimality model and a more detailed
alternative, I envisage a contest between a range of models of comparable complexity. If we
are constrained to include in our model some specific number of parameters, and a specific
level of tractability, then should we "invest" only in a very detailed specification of the
selective forces relevant to the situation, or should we use a less complete specification of
the selective forces along with some information about other factors as well?

The comparison might be one between adaptationism and pluralism, but it also could
be one between an adaptationist model and a model in which some single non-selective
factor is described in great detail and made to carry all the predictive weight. The non-
selective factor in question might be drift, or perhaps the "laws of biological form"
described by a modern-day rational morphology. Empirical adaptationism as a general view
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is vindicated, on my proposal, if in the majority of cases a better fit to the data is achieved by
a selection-based model than is achieved by any other model of comparable complexity.
Empirical adaptationism is vindicated if a description of the relevant forces of selection is
more informative than any other description at a similar level of detail.

In some respects my view derives from an application of Richard Levins' views
about models (Levins 1966. See also Wimsatt 1987). Models can have a range of virtues
and goals. Different levels of tractability and understandability are sought in different types
of investigation, and great generality may or may not be desired. Although I am not
committed to the specific taxonomy of goals that Levins thinks must be traded off --
precision, generality and realism -- I agree with Levins that there are trade-offs between
different goals when constructing models. Sometimes simple models which can be
understood very fully are sought; sometimes more detail is incorporated, with a consequent
loss in ease of comprehension. A precise fit to particular phenomena can be traded off
against generality. My proposed test of empirical adaptationism is designed to take these
facts about model-building into account. Relative to the scientific goals at hand, and the
general style of model which is suitable for the occasion, which type of information is more
useful: information about selection, or information about something else?

As the proposal I am outlining involves a comparison between models of
comparable complexity, it avoids a problem that Brandon and Rausher (1996) have alleged
in Orzack and Sober's approach. Brandon and Rausher claim that Orzack and Sober's
proposal is biased in favor of adaptationism. This is because in Orzack and Sober's
proposal, if a censored selectionist model succeeds predictively then it is said to be
vindicated -- even if some other censored model would do just as well in a similar test. At
one point Orzack and Sober do discuss the situation where more than one censored model
fits the data, and they say that additional evidence is needed in such a case (p. 364). The
problem that Brandon and Rausher correctly point out is that Orzack and Sober's main
statement of how the test of adaptationism works does not have this structure; it does not
treat the possibility of equally good censored models (p. 363). Certainly this possibility
does have to be fitted into any test of adaptationism. One way is to aim at working out
whether selectionist models of a given type are better or worse than non-selectionist models
which are similarly complex and aimed at meeting similar scientific goals.

A contest between models has attractive features as a test of adaptationism. As
Orzack and Sober stress, there is some hope of reaching a solution in a reasonable amount
of time. Some ideas often discussed in the adaptationism debates will be hard to address in
this framework, however. The contest between models is well-suited to asking questions
about the power of selection in very specific circumstances, where many background
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conditions have been explicitly or implicitly filled in. When we ask, as Orzack does, about
how selection works on the sex ratio in wasps, we are already assuming that we are dealing
with insects, which are animals, that their reproduction is sexual, and so on. Some of these
background assumptions can themselves be addressed in the same way: "Why is there
sex?" is a famous question for selectionists. But other questions: "Why are there insects?"
are much harder to get a grip on by means of modeling. Perhaps Orzack and Sober will say
"good riddance" to issues that cannot be expressed precisely enough to be tested via a
contest between models.

Some of the less precise questions may be worth keeping though. And even within
standard methodological traditions in evolutionary biology, there are alternatives to model-
building. One is the tradition that uses comparative methods. Maynard Smith (1978) used
Clutton-Brock and Harvey's (1977) work on sexual dimorphism in body size in primates as
a paradigm example of an empirical test of an adaptationist claim. Here the issue was
whether male-male competition or differentiation in resource use generates the dimorphism.
The former was supported over the latter.

Comparisons of this type can be used to test not only specific adaptationist claims,
as in Clutton-Brock and Harvey, but can also be applied to broader questions about the
relative power of selective forces. A range of adaptationist positions can be expressed as
views about how readily selection can override the constraints of history. That is, one kind
of adaptationist commitment can be expressed by saying that, with certain kinds of traits,
when species A is more closely related to B but more similar in ecological relations to C, A
will resemble C more than B. No one would claim that this is true for all traits and all
degrees of relatedness, but there is a family of adaptationist attitudes that can be expressed
by qualifying this principle in different ways. When assumptions of this kind are used to
guide investigation, the successes and failures associated with such principles give us
information about the power of selection. When adaptationists stress convergent evolution
(as Dawkins 1986 and Mayr 1983 do, for example), we are seeing an appeal to this type of
reasoning. In cases of convergent evolution, ecological factors are spectacularly better at
predicting similarities, in certain biological characteristics, than history is.

Sterelny (1997) also formulates yet more moderate versions of adaptationism that
are to be tested comparatively but do not claim that selection overrides history. Comparative
methods are also defended over optimality modeling by Horan (1989). Orzack and Sober
do not discuss comparative methods in their 1994 paper. As they are focused on a version
of adaptionism which claims that selection produces optimal phenotypes, comparative
methods are less relevant. But comparative methods are an important way of assessing
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claims about the power of selection, and hence relevant to empirical adapationism as I
understand it.

So I accept one approach to testing empirical adaptationism which is roughly similar
to Orzack and Sober's proposal. But I add the possibility of comparative testing, and no
doubt there are other feasible possibilities as well. These details are not so important to my
aims in this discussion. My main point is that empirical adaptationism is a family of claims
about the actual biological world; it is a family of claims about the causal power of the basic
Darwinian package of variation and selection, in comparison with other evolutionary factors.
So the way to assess empirical adaptationism is via various kinds of empirical research.

5. Problems of Evidence: Explanatory Adaptationism
The problem of assessment is most acute in the case of explanatory adaptationism. I will set
aside the issue of whether variation and selection really do adequately explain apparent
design; I assume that they do, in accordance with standard Darwinian ideas. The harder
question is the status of the first component of explanatory adaptationism, the idea that the
problem of apparent design is in some sense the most important biological question.

The chief problem is that although many of us might agree that we find apparent
design interesting, this is apparently just a fact about us. We onlookers are puzzled by some
things and untroubled by others, but why should we take this to reflect differences between
objectively puzzling and objectively unpuzzling states of affairs in nature itself? We might
find other phenomena less striking than the intricacy of the human eye -- suppose we find
toenails less striking. But toenails are just as real as eyes, and they have an evolutionary
history as well. Dawkins might rhapsodize about one but not the other, and such rhapsodies
might have their place in books intended for a popular audience, but should the
dispassionate biologist pay any attention to this? Even if the biologist happens to find some
questions more interesting than others, why does that support the idea that there is an
objectively "most important" biological question? Important to whom?

I see this line of thought as a posing a difficult challenge to the explanatory
adaptationist. If it is correct, explanatory adaptationism is revealed to be little more than the
personal preference of some biologists and philosophers; they find selection important
because it answers questions that they happen to care about. Earlier I argued that
explanatory adaptationism is able to sidestep some hard issues about how selection interacts
with other evolutionary factors. If the objection I discuss now is right, it will be apparent that
explanatory adaptationism avoided those scientific responsibilities because it is not a
scientific view at all, but just a set of preferences that some people happen to hold.
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I stress that it is an optional matter whether a person finds the problem of design to
be fundamental. No less eminent a biologist than Kimura, for example, has expressed what I
take to be a different view.

Many people, directly and indirectly, have told me that the neutral theory is not
biologically important, since neutral genes are by definition not concerned with
adaptation. The term 'evolutionary noise' has often be used to describe the role of
neutral alleles in evolution, with such a contention in mind. I believe this is a too
narrow view. First, what is important in science is to find the truth, so the neutral
theory should be of value if it is valid as a scientific hypothesis. (1983 p. 325)

It is not that Kimura finds adaptation to be uninteresting. I take it that his view is that
the scientist should, qua scientist, seek a true explanation for all biological phenomena in an
even-handed way, and not elevate the “interesting” ones over the others. I should also note
that Kimura continues the quoted passage by also raising a possible indirect role for neutral
mutations in explaining some adaptive evolution.

In a view that denies the primacy of the problem of design, some questions can still
be seen as "bigger" than others, in the sense that they are about a larger portion of the
world. Questions about all trees are bigger than corresponding questions that are just about
redwoods. Some questions require more information to answer than other questions do.
And some questions have more practical importance than others, of course. But the position
I am describing holds that there is no sense in which one question can be objectively
"bigger" or "more important" than another which will support explanatory adaptationism.
Even if a problem is or was particularly troubling to the scientific community, the scientists'
states of perplexity are not to be confused with aspects of the world they study.

Earlier I discussed Dawkins and Dennett as explanatory adaptationists. What might
their replies to this argument be?

As I understand both writers, they aim to take the high ground in this debate; they
hold that apparent design is, as a matter of objective fact, a special phenomenon whose
explanation is central to the task of biology. For both writers, this view has two components.
The first is an argument that apparent design is a real phenomenon, and the second is a
claim that this phenomenon presents special problems for scientific, secular world views. I
will not discuss the first component of this view here, but I will respond to the second.

Both Dawkins and Dennett defend explanatory adaptationism by making a strong
claim about the role of explanations of design within intellectual life and culture as a whole.
Dawkins sees apparent design as the one thing that, before Darwin, could rationally motivate



14

a traditionally religious outlook on the natural world. Darwin, by destroying the Argument
from Design, thereby reshaped the entire intellectual landscape. The concept of natural
selection is a pin holding much more than evolutionary biology in place; it is holding
together the scientific/enlightenment world view.

Dennett’s conception of the role of Darwinism in intellectual life is, if anything, even
more ambitious. For Dennett, it is selectionism that prevents us engaging in an erroneous
pattern of thinking that is so widespread that traditional religious thinking is only one
instance of it. Darwinism enables us to do without “skyhooks,” miraculous interventions
that explain the occurence of design, purpose and meaning.

So one way to defend explanatory adaptationism is to appeal not just to what natural
selection does for biology, but what it does for science as a whole. Selection is seen as a
critically important part of a larger intellectual enterprise, the enterprise of developing and
defending a secular world-view.

One can agree with some elements of this position, as I do, without agreeing about
its implications for biology. When we consider the place of biology within the larger
scientific world-view, natural selection does play a special role. It provides the key to
answering Arguments from Design for the existence of various Gods, and it provides the
schema for a pattern of explanation that might be useful (although it also might not be
useful) in other sciences as well. It should be noted at this point that, as writers like Gould
and G. C. Williams have stressed, the most effective way to use evolutionary theory to reply
to the theological arguments is to stress the mixture of good and bad design that we find in
organisms; there are cases where God would surely have done things differently (Gould
1980, Williams 1997). But in any case, the efficacy of evolutionary replies to theological
arguments is extrinsic to the scientific work done by biologists themselves. Or at least, there
is no need for biologists to shape their work around these larger projects. The job of
describing the significance of biological theories for questions about religion, purpose and
so on belongs primarily to philosophy of science. So when a philosopher looks on at
biology, natural selection might shine out like a beacon, in a way that no other evolutionary
factor does. But that does not give natural selection any more causal power within evolving
systems themselves. An accurate biological description of how selection interacts with (say)
development should not be affected by these extrinsic considerations.

When I say that explanatory adaptationist arguments are in some ways more
relevant to philosophy of science than to biology, I do not mean that only philosophers can
engage in these descriptions -- that Dennett but not Dawkins should be allowed to do it. I
mean rather that there are two different intellectual tasks here: describing how evolution
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works in actual cases, and assessing the significance of evolution for the scientific enterprise
as a whole.

Once the issues are separated in this way, the more philosophical component of
explanatory adaptationism can be assessed in its own terms. That topic is too big for more
than a brief comment here. There is no doubting the role played by natural selection in
answering the religious Argument from Design, and the role of evolutionary theory in
establishing the foundations for a wholly naturalistic view of humankind. But it is also
possible to place natural selection so much at the core of our view of our place in nature that
there is massive distortion of that view. Such distortion is seen in Dawkins' conclusion,
from a discussion of our relations to natural selection, that we are "gigantic lumbering
robots" programmed by our genes (1976 p. 21). This claim by Dawkins is often read (and
criticized) as an expression of genetic determinism. Put into context though, I think it is
clear that Dawkins was not making a claim about the tightness of the causal link between
genes and behavior; instead it was a claim about the significance of the genetic influences on
behavior. Dawkins was saying: whatever else might be causally relevant to behavior, it is the
genes that matter most to how we should interpret what we do. Construed in this way,
Dawkins' notorious claim expresses a more philosophical error than genetic determinism.

In sum, then, I accept that the problem of apparent design has some special features,
as explanatory adaptationists claim. But these features are more philosophical than
biological. The roots of explanatory adaptationist thinking are found not so much in
biological data, but in views about the place of biology within science and culture as a
whole. As a consequence, explanatory adaptationism cannot be empirically tested in the
relatively direct ways that apply to empirical adaptationism.

6. Problems of Evidence: Methodological Adaptationism
In understanding how evidence can bear on methodological adaptationism, the first step is to
dispose of views that claim we have no option in the matter. Commentators from Immanuel
Kant in the 18th century to Dennett in the 20th have held that adaptationist thinking is in
some sense an inevitable part of our approach to the biological world. As Dennett puts it,
"Adaptationist thinking is not optional; it is the heart and soul of evolutionary biology." If
we were to displace adaptationism from its central position, says Dennett, not only biology
but "modern biochemistry and all the life sciences and medicine" would collapse (1995 p.
238). But whatever we might think about the track records of adaptationist thinking and its
rivals, there is no worse track record than the track record of views that claim that some
particular scientific approach is inevitable and non-optional. Dennett is, ironically, taking the
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same unwise risk that Kant took when the latter claimed that there could never be a Newton
for the biological sciences, someone who could show how organisms could arise from
natural laws: "[W]e may confidently assert that it is absurd... to hope that maybe another
Newton may some day arise, to make intelligible to us even the genesis of a blade of grass
from natural laws that no design has ordered." (Kant 1790 p. 54). Less than seventy years
later Darwin proved Kant wrong. Who knows what alternative organizing principles are
possible for biology?

Once arguments from inevitability are rejected, two reasonable lines of argument
remain. The first is an argument from empirical to methodological adaptationism. The
second is an inductive argument from the consequences of past applications of adaptationist
methodologies.

I take it that the strategy of argument from empirical to methodological
adaptationism is clear. If selection is the most powerful evolutionary force, and responsible
for most of what we see, then given our limited scientific resources there is some reason to
guide investigation of each specific phenomenon around the "best bet" for explaining that
phenonenon. I say "some reason" because I do not think the argument is immune to
challenge. Even if some particular option is our "best bet," there might be good reasons to
proceed in a more impartial way, perhaps to regard the absence of adaptive explanation as an
appropriate "null hypothesis." Also, if it can be shown that methodological adaptationism
tends to be associated with certain bad scientific habits (as Gould and Lewontin claimed in
their 1979 paper), we might resist methodological adaptationism while accepting empirical
adaptationism.

So there is an argument, albeit a contentious one, from empirical to methodological
adaptationism. Some prominent defences of adaptationist methods have this pattern; they
proceed by accepting that methodological adaptationism rests upon a moderate version of
empirical adaptationism, while resisting the idea that methodological adaptationism requires
a very strong empirical claim, such as the claim that nature optimizes. Maynard Smith, for
example, has always denied that the usefulness of optimality methods requires that nature
actually optimizes, but accepts that "if it is not the case that the structure and behavior of
organisms are nicely adapted to ensure their suvival and reproduction, optimization methods
cannot be useful" (1978 p. 96. See also Maynard Smith and Parker 1990).

Suppose, however, that a biologist thinks there are no good reasons to believe in
empirical adaptationism. Could there be any other motivation for methodological
adaptationism? Kitcher, for example, has expressed this as a challenge: if optimality
theorists do not want to base their methods in empirical claims about selection, they need to
come up with an alternative justification (Kitcher 1987 p. 85).
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Another possibility does exist. Rather than seeking a theoretical grounding for
methodological in empirical adaptationism, one can take a simple consequentialist approach.
Perhaps it can be shown that, whatever one thinks about the other adaptationist ideas,
applications of methodological adaptationism have tended to yield impressive scientific
results in most cases. This is an inductive argument, from a historical record of success to
the conclusion that we should encourage future biologists to organize their work in the same
adaptationist way.

A forthright example of the consequentialist approach is found in Ernst Mayr's
response to Gould and Lewontin's 1979 paper. The view that Mayr defends might be a
mixed form of adaptationism, but he stresses methodological issues in particular.

Considering the evident dangers of applying the adaptationist program incorrectly,
why are the Darwinians nevertheless so intent on applying it? The principal reason
for this is its great heuristic value. The adaptationist question, "What is the
function of a given structure or organ?" has been for centuries the basis for every
advance in physiology. (Mayr 1983 p. 153)

Many readers will object to Mayr's use of the word "every" here; some will also object to
replacing it with "most." But as far as the form of the argument is concerned, it illustrates
the consequentialist pattern. I suspect that quite a few biologists would fall back on a
justification of this type: "You can say what you like about selectionist fallacies, but it
worked for Darwin and Fisher!"

As before, although the consequentialist pattern of argument is a reasonable one, it
can certainly be challenged. Again, Gould and Lewontin's 1979 "Spandrels" paper argues
that there is a definite tendency towards unscientific behavior associated with adaptationist
thinking. Although the use of ad hoc manoevers to salvage disconfirmed hypotheses is not
peculiar to biology, let alone to adaptationism, Gould and Lewontin think that the
adaptationist methodology does tend to encourage it.

Further, even if we were convinced that methodological adaptationism was a
successful strategy through the history of biology, an inductive argument to future success
might be resisted. A close study of the history might suggest that although adaptationism
was fruitful in the past, its success was specific to historical conditions that no longer
obtain. It might be argued that while adaptationism took us some distance in the struggle to
develop evolutionary theory -- and was crucial to Darwin's original breakthrough -- biology
has now outgrown the adaptationist approach. Lewontin has sometimes suggested this
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historicist view (1983). So the consequentialist approach is a real alternative route to
justifying methodological adaptationism, but one with its own problems.

Throughout this paper I have assumed that adaptationist methods are applied, or not
applied, to the biological world as a whole. That is, I have not discussed the possibility of
accepting methodological adaptationism in a form restricted to some specific areas of
biology, and rejecting it in other areas. I have made this assumption for the sake of
simplicity, but intermediate views are certainly possible. One might hold that methodological
adaptationism is a good strategy when studying foraging behavior, but a bad strategy when
studying biological form and pattern. To pick a more obvious case, many biologists with
strongly selectionist views will make an exception for molecular traits.

Maynard Smith, for example, has sometimes claimed that his commitment to
adaptationist methods is specific to the investigation of some types of phenomena and not
others, and that a biologist can tell with reasonable accuracy where adaptationist methods
belong and where they do not. For example: "In general, the structural and behavioral traits
chosen for  functional analysis are of a kind that rules out neutrality as a plausible
explanation" (Maynard Smith 1978 pp. 96-7). Then the application of adaptationist
methods to a specific field such as foraging theory might be based on a claim of empirical
adaptationism that is also specific to that area, or on an inductive argument from past
success in that area. The error that must be avoided in that case (an error that I do not
attribute to Maynard Smith) would be to (i) choose certain traits and not others for adaptive
explanation, based upon background knowledge, but then (ii) argue from the success of
adaptationism in that specific area to its applicability to all biological phenomena.

The possibility of holding an adaptationist view that is restricted just to some
specific class of biological phenomena applies to empirical and explanatory adaptationism,
as well as methodological.

More generally, in this paper I have simplified the topic at hand by focusing mostly
on "pure" claims for and against the different adaptationist positions. I cannot claim to have
discussed every possible adaptationist view, because so many mixed, moderated and
restricted adaptationist positions are possible. I do claim, however, that the three-way
distinction I have made here is the most important distinction between adaptationist
positions. Most of the other possible positions can be arrived at by modifying or combining
ideas discussed in this paper. To make the discussion as clear as possible, I have also
focused on authors who express strong attitudes about these issues and who are often
diametrically opposed to each other -- authors such as Dawkins and Lewontin. In focusing
on these polar opposites, I do not intend to downplay or obscure the possibility of middle-
ground positions. Certainly many working biologists occupy various regions in the middle
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ground. But my hope is that a better understanding of the poles will also cast light on the
middle ground.

7. Conclusion
There are three different forms of adaptationism corresponding to three views about the
roles of adaptation and selection in biology. The primary aim of this paper has been to
distinguish these three forms of adaptationism and describe them as clearly as possible. I
hope to have presented each of the views in a form that can be accepted by both friends and
foes of these positions. Such, at any rate, is my reason for taking few sides in this paper,
and resisting the temptation to use more colorful names for some of the positions.

Evidence for or against one type of adaptationism often is not evidence for or
against the other forms; this is a source of misunderstanding which has significantly
hindered discussion. I have tried to classify a few of the influential statements made on
either side of these issues, but there are many writers I have not tried to classify and some
(including Maynard Smith) about whom I am uncertain. Although none of these issues are
easy, the hardest problems concern explanatory adaptationism, a view that combines
biological and philosophical claims in a complex and contentious brew. Here, I think, lies
the source of much of the heat in the adaptationism debates.

*       *       *       *       *
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Abstract This article discusses various dangers that

accompany the supposedly benign methods in behavioral

evolutionary biology and evolutionary psychology that fall

under the framework of ‘‘methodological adaptationism.’’

A ‘‘Logic of Research Questions’’ is proposed that aids in

clarifying the reasoning problems that arise due to the

framework under critique. The live, and widely practiced,

‘‘evolutionary factors’’ framework is offered as the key

comparison and alternative. The article goes beyond the

traditional critique of Stephen Jay Gould and Richard C.

Lewontin, to present problems such as the disappearance of

evidence, the mishandling of the null hypothesis, and

failures in scientific reasoning, exemplified by a case from

human behavioral ecology. In conclusion the paper shows

that ‘‘methodological adaptationism’’ does not deserve its

benign reputation.

Keywords Adaptationism � Behavioral biology �
Behavioral ecology � Evolutionary methods � Evolutionary

psychology � Evolutionary theory � Female orgasm

Introduction

We do not usually think that the logic of our scientific

methods leads to closed-mindedness, and the inability to

see alternatives, or evaluate evidence, but that is exactly

what sometimes happens in evolutionary biology of

behavioral and morphological traits with one of its most

popular methods, despite its benign reputation. In ‘‘The

Spandrels of San Marco and the Panglossian Paradigm,’’

Gould and Lewontin (1979) drew attention to several

dangers in using this method. In this article, I present a

framework for analysis that makes their worries clearer. I

also warn of further risks of this methodological frame-

work, expanding on the dangers it poses to scientific rea-

soning in evolutionary biology. At the same time, I

emphasize that I am not attacking the notion of looking for

adaptations in evolutionary studies: I am not anti-adapta-

tion. The issues concern which framework is most appro-

priate and fruitful.

As evolutionary biology is usually taught and con-

ceived, there are a variety of evolutionary forces or types

of factors that can influence the form and distribution of a

given trait in a population or species (Singh and Krimbas

2000; Futuyma 2013). While natural selection may be the

most significant factor, we also have sexual selection,

genetic linkage, phyletic history or ‘‘inertia,’’ develop-

mental factors, drift or chance, embryological constraints,

and social, environmental, and niche coevolutionary fac-

tors (Wright 1931; Odling-Smee et al. 2001; Pigliucci and

Müller 2010). Traits can also be byproducts, spandrels, or

exaptations of any of these processes in a co-related or

linked trait, among other causal and explanatory factors

(Gould and Lewontin 1979; Gould and Vrba 1982;

Futuyma 2013). Let us call this basic approach the ‘‘evo-

lutionary factors’’ framework of evolutionary theory; its

fundamental research question is: ‘‘What evolutionary

factors account for the form and distribution of this

trait?’’ Often, several of these factors are understood to

operate simultaneously on a given trait, but only one or

two are the major factors causing its form and distribution

at a given time (e.g., Otsuka 2014; see Newman 1988;

Amundson 1994, 1998, 2005; Griffiths 1996; Raff 1996;
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Carroll 2005; Newman and Bhat 2008). When we inves-

tigate the evolutionary origins of a given trait, we usually

prioritize the functional factors, natural selection and

sexual selection, as the most significant factors in evolu-

tionary research, and we might start with the question:

‘‘Does this trait have a function?’’1 If the trait, after

investigation, does not appear to have a correlation with

fitness,2 or does not appear to have evidence of design

(hence, does not appear to have a current or past function),

we pursue other possible evolutionary explanations, such

as whether it might be due to genetic linkage with another

trait, or be an exaptation, or a byproduct of selection (see

Gould and Vrba 1982; Gould 2002; Lloyd and Gould

([2002]2014). Alternatively, it may be present due to

developmental or embryological constraints, or due to

phyletic inertia, and so on (Wake 1991, 2009; Newman

and Bhat 2008, 2011; Linde-Medina 2011; Griesemer

2015). Pursuit of such explanations would consist of

testing them against available evidence and searching for

new evidence specific to those factors, against which they

could then be compared.

There is another approach, dominant among leading

animal behaviorists, behavioral ecologists, and many

human evolutionists and evolutionary psychologists,

called ‘‘methodological adaptationism.’’ Under this

approach, the leading research question is: ‘‘What is the

function of this trait?’’ or ‘‘What adaptive explanation

can account for this trait?’’ And the research consists of

an exploration and search for supportive evidence for

adaptive hypotheses that can explain the trait’s presence

in the population.

The Logic of Research Questions: Alternatives

Issues about method in behavioral ecology and biology

revolve around evolutionary adaptations, one of evolu-

tion’s biggest successes. Evolutionary adaptations are

traits that exist today because they were products of nat-

ural selection acting on a variety of developed phenotypes

in the past history of the species (Burian 1992; West-

Eberhard 1992; Griffiths 1996). In the ancestral popula-

tion of anteaters, for instance, which resembled armadil-

los, tongue length was likely highly variable, with high

fitness values accruing to those anteater-ancestors that

might be able to reach into ant nests with their long

tongues and eat the most ants, and were thus most able to

pursue their food resources. These longer-tongued antea-

ter-ancestors—eventually with their 25-inch-long ton-

gues—would represent the best fit—or closest-to-best

fit—to their environment. The anteater example thus

presents a good instance of a natural selection explanation

that reinforces or produces an adaptation. I take it as given

that our living world is filled with examples of such

adaptations.

Consider a breed of scientist called a ‘‘methodologi-

cal’’ (or ‘‘heuristic’’) adaptationist, an evolutionary biol-

ogist who assumes, at the beginning of investigation, that

a trait is, indeed, an adaptation.3 Assuming adaptation is

standard operating procedure among most behavioral

ecologists, evolutionary psychologists, and human evo-

lutionists. Many of them cite Ernst Mayr’s (1983)

defense of an ‘‘adaptationist research program,’’ written

in reaction to Gould and Lewontin’s critical 1979

‘‘Spandrels of San Marco.’’ Mayr sets up the problem so

that selection is the only answer to the evolutionary

question:

Consequently, when one attempts to explain the

features of something that is the product of evolution,

one must attempt to reconstruct the evolutionary

history of this feature…. The most helpful procedure

in an analysis of historical narratives is to ask ‘‘why’’

questions; that is, questions (to translate this into

modern evolutionary language) which ask what is or

might have been the selective advantage that is

responsible for the presence of a particular feature.

(Mayr 1983, p. 325)

Mayr continues on to advocate an adaptationist methodol-

ogy for pursuing evolutionary explanations:

When one attempts to determine for a given trait

whether it is the result of natural selection or of

chance (the incidental byproduct of stochastic pro-

cesses), one is faced by an epistemological dilemma.

Almost any change in the course of evolution might

have resulted by chance. Can one ever prove this?

Probably never. By contrast, can one deduce the

probability of causation by selection? Yes, by

showing that possession of the respective feature

would be favored by selection. It is this consideration

which determines the approach of the evolutionist.

He must first attempt to explain biological phenom-

ena and processes as the product of natural selection.
1 See Rose and Lauder (1996) for some examples of the application

of this evolutionary factors approach. Or Martins (2000), for some

methodological details.
2 Symons gives a variety of reasons against using correlation with

fitness for detecting adaptations, and prefers evidence of design

(1990). Thornhill (1990) provides another perspective of behavioral

adaptationists.

3 See Lewens (2009) for an extensive categorization of types of

adaptationism. Amundson (2001) and Sansom (2003) have also

emphasized the multiple nature of adaptationist questions and

answers, but not in the way I do here.
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Only after all attempts to do so have failed, is he

justified in designating the unexplained residue ten-

tatively as a product of chance. (Mayr 1983, p. 326)4

Thus, he promotes the key question: ‘‘The adaptationist

question, ‘What is the function of a given structure or

organ?’ has been for centuries the basis for every advance

in physiology. If it had not been for the adaptationist

program, we probably would still not yet know the

functions of thymus, spleen, pituitary, and pineal’’ (1983,

p. 328; emphasis added). Moreover, and most significantly,

Mayr defends the adaptationist program as harmless when

applied correctly:

The question whether or not the adaptationist pro-

gram ought to be abandoned because of presumptive

faults can now be answered. It would seem obvious

that little is wrong with the adaptationist program as

such, contrary to what is claimed by Gould and

Lewontin, but that it should not be applied in an

exclusively atomistic manner. There is no better

evidence for this conclusion than that which Gould

and Lewontin themselves have presented. (Mayr

1983, p. 332)

Mayr’s approach to the methods of adaptationism is widely

adopted among evolutionary psychologists, behavioral

biologists, and evolutionary ecologists (e.g., Symons

1990; Thornhill 1990; Cosmides and Tooby 1994; Pinker

1999; Geary and Flinn 2001; Schmitt and Pilcher 2004). In

a widely cited target article in Behavioral and Brain

Sciences, ‘‘Adaptationism—How to Carry out the Exapta-

tionist Research Program,’’ Paul Andrews et al. wrote:

To classify a trait as an adaptation is to identify its

function (Thornhill 1997; Williams 1966). To identify

a trait’s function is to determine the specific selection

pressures (if any) that were at least partially respon-

sible for the evolution of the trait. (2002, p. 493)

Thus, identifying the function of the trait is the pri-

mary aim of the adaptationist program, which also aims

to identify the formative selective pressures.5 Note that a

trait having utility now is not the same as having a

‘‘function’’ in the selective sense. For example, a trait

could contribute to fitness in the current population,

without having been formed by selection to have done

so. Gould and Vrba (1982) dubbed such traits ‘‘exapta-

tions’’; these have current utility but not functions in the

selective sense. Evolutionary psychologists and behav-

ioral biologists underuse this category of evolutionary

outcome, rarely assigning traits to it, even when appro-

priate.6 Alternately, a trait could have had a function in

the past, and a correlation with fitness then, and be a

‘‘past adaptation,’’ with no evolutionary function now, or

even be an evolutionary ‘‘mismatch’’ now (Lloyd et al.

2014). Again, human and behavioral evolutionists rarely

assign traits to this category, and usually claim current

fitness benefits.

While the adaptationist approach may look biased on its

face, since it starts with the assumption that the trait is an

adaptation rather than one of the other possible features,

this assumption is supposed to be only temporary. If it turns

out that the trait does not appear to have a function, then

the biologist is supposed to move on to other possibilities

(e.g., Pigliucci and Kaplan 2000). This more benign pro-

gram has been advocated by many biologists since Mayr,

and here is a philosopher’s characterization of it:

…when the hypothesis of optimality [or adaptation] is

investigated first, deviation from the optimum provides

evidence that other factors are at work, and perhaps the

nature of the deviation will give clues about where to

look next. (Godfrey-Smith 2001, p. 342)

Thus, the methodological adaptationist approach is seen as

the ‘‘most helpful way to proceed’’: look for selective

explanation in every case, which upon failure of the

selective explanations might lead you to nonselective

explanations, which could then be pursued if that is where

evidence led (Godfrey-Smith 2001, p. 342).7 Adaptations

4 Martin Kreitman introduced a technique using DNA sequence data

that same year that can create the statistical tests to discriminate

between selection and drift (1983). Thank you to Michael Dietrich for

highlighting this sequence.
5 Note that it is not always true that to identify a trait’s function is to

identify its selection pressure: commonly, for example, we have

multilevel selection, such as family and kin selection, and there are

multiple processes responsible for the trait’s form and function. The

trait itself does not tell us how to describe its selection pressure,

although the investigating biologist may play favorites about which

process to privilege in his or her explanations (for examples, see

Wade 2016).

6 Buss et al. (1998) argued that this category is really ‘‘adaptations’’

in their destructive analysis of exaptation, while Reeve and Sherman

argued that the past selective history of a trait should not be included

in the notion of adaptation, which is based instead on current utility,

exactly backwards from the Gould and Vrba’s, and many others’

definitions: ‘‘ask why certain traits predominate over conceivable

others in nature, irrespective of the precise historical pathways

leading to their predominance, and then infer evolutionary causation

based on current utility’’ (1993, p. 1; in contrast, see Burian 1992 and

West-Eberhard 1992; Lloyd and Gould ([2002]2014)).
7 Godfrey-Smith offers three general categories of ‘‘adaptationism,’’

including, besides ‘‘methodological adaptationism,’’ ‘‘empirical adap-

tationism’’ and ‘‘explanatory adaptationism.’’ We will not be dealing

with these others, except to note that the evolutionary factors

framework is independent of any commitment regarding empirical (or

‘‘metaphysical’’) adaptationism. That is, it does not matter how many

adaptations actually exist in the world, with regard to the relative

superiority of the framework in researching those adaptations and

related traits. See also Lewens (2009).
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are most often indicated by their ‘‘specificity, proficiency,

precision, efficiency, economy, complexity of design,

reliable production, costliness, etc.’’ (Andrews et al.

2002a, p. 503 (from Williams 1966)). Optimality models

can be used to investigate these features.

But failure of optimality is sometimes hard to see, e.g.,

when the optimum or most adaptive state is in the middle,

like Goldilocks. And it is still an open question whether the

method outlined here in practice allows nonadaptive

explanations ever to win the day. This issue of ‘‘lip ser-

vice’’ was a key concern in Gould and Lewontin’s (1979)

‘‘Spandrels’’ paper. Do researchers in fact find themselves

willing to embrace nonadaptive explanations when the

evidence points away from adaptation? It is a basic fact of

evolution that not every biological character is an adapta-

tion, that there exist alternative evolutionary explanations

available and sometimes appropriate, such as other ‘‘evo-

lutionary factors,’’ reviewed above.

Asking different questions makes contrasting classes of

answers legitimate. I call this the ‘‘logic of research

questions,’’ which I shall use to help unpack and highlight

the differences between theoretical approaches at stake.

The logic of the research questions we ask constrains what

classes of answers we can give. My analysis relies on

distinguishing distinct classes of answers that will be

appropriate for logically distinct research questions, ulti-

mately based on a pragmatics of questions that follows Bas

van Fraassen’s proposals in his chapter, ‘‘The Pragmatics

of Explanation’’ (1980). The most important feature of

these questions is that each question carries with it an

appropriate class of possible answers unique to it, and

distinct from other contrasting classes of answers. My

fundamental claim is that we need to think very hard about

the research questions we ask and the answers they allow,

because the questions can lead us to miss what’s really

going on, therefore to scientific failure. While I apply this

logic to the adaptationist methodology, my fundamental

claim is not about adaptationism exclusively, but rather

about how scientific investigation is done, in general, and

the ‘‘logic of research questions’’ is thus applicable to any

scientific field that experiences controversy about methods

and inference.

The methodological adaptationist asks, echoing Mayr’s

rebuttal to critics, ‘‘What is the function of this trait?’’

There are any number of possible answers to such a

question, all of which take the common form:

Possible Answers:

A: The function of this trait is F.

A: The function of this trait is G.

Etc.

Someone following the evolutionary factors framework

asks, quite generally:

‘‘What evolutionary factors account for the form and

distribution of this trait,’’ or, for example, ‘‘Does this

trait have a function?’’

This question has a series of possible distinct answers

(that might be considered in any order, except that the

adaptive answers usually go first in practice):

Possible Answers:

A: This trait occurs in the population because it has the

function F, i.e., the trait is an adaptation.

A: This trait occurs in the population because it has the

function G, i.e., the trait is an adaptation.

A: This trait occurs widely in this population because it

is genetically linked to a trait that is highly adaptive in

this species (genetic linkage or correlation).

A: This trait has its current form largely because of an

ancestral pattern (phyletic inertia).

A: This trait has its current form and distribution because

of pleiotropy with a trait that was under natural selection

(pleiotropy or byproduct).

A: This trait has its current form and distribution because

it is a byproduct or bonus of a trait that is strongly

selected in the opposite sex in this species (byproduct or

bonus of an adaptation).

A: This trait has its current form and distribution because

of some combination of the above factors.

Etc.

We can now see a clear logical contrast between two

distinct frameworks and their corresponding sets of ques-

tions and answers. Note that the first answer listed fol-

lowing the general question, ‘‘What evolutionary factors

account for the form and distribution of this trait?’’

specifically, ‘‘Does this trait have a function?’’ is an

adaptation answer, which was done to suggest that, prag-

matically, adaptation is also explored, as a priority, in the

evolutionary factors framework. But under this approach,

the key question about adaptation is: ‘‘Does this trait have

a function?’’ which is logically different from the key one

asked by the methodological adaptationist. Here, there is

no assumption that the trait is an adaptation, in sharp

contrast to leading with: ‘‘What is the function of this

trait?’’

Since Mayr and other methodological adaptationists

admit the possibility of nonadaptive alternatives, it would

seem that they admit, at least in lip service, that there should

be nonadaptive answers on the list of possible answers to

their question. Should nonadaptive answers belong on the

methodological adaptationist list? Should the methodologi-

cal adaptationist list perhaps look like the evolutionary

factors list, but with a few more entries like: ‘‘The function

of this trait is P’’? The answer to both of these questions is

‘‘no.’’ Justification of these answers will come in the course

of discussing problems with methodological adaptationism,
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especially in the section below on the ‘‘null hypothesis’’

problem.8

Note that under either the methodological adaptationist

or the evolutionary factors approach, there are standards of

evidence for when a claim for that factor is supported; i.e.,

when a claim is made that a feature is an adaptation, then

certain standards of evidence must be met, and the same

goes for evolutionary byproducts/bonuses, etc. Some of the

arguments over adaptationism concern these standards of

evidence (see Symons 1990; Andrews et al. 2002a,

p. 493),9 and nearly all of the focus has been there, but I

want to claim that some of the root issues concern the

initial questions. Which question shall we start with? Is the

methodological adaptationist question really harmless? Or

is there much imported into the analysis with that question?

Alternately, what if we were to start with the evolutionary

factors question, as many evolutionists have implicitly

done? Is there any harm done to the resulting scientific

inquiry? Why not use this question?

Dangers of Methodological Adaptationism

The ‘‘Onerous Burden of Proof’’ and its

Disappearance

The methodological adaptationists routinely assume, at the

beginning of inquiry, that some trait under consideration is

an adaptation. This is supposed to be using the assumption

of adaptation as a research heuristic, in order to enact a

good research method. Indeed, the research methods of

adaptationism have proven very fruitful, and one under-

stands why Mayr would appeal to their results in order to

defend methodological adaptationism (1983, p. 328, quoted

above).

The burden of proof has always been on the adapta-

tionists to demonstrate that a trait has a function and is an

adaptation of one sort or another, although this burden is

frequently forgotten, because they are trying to replace an

assumption of the existence of an adaptation with a claim

about the actual existence of that adaptation. George C.

Williams is usually quoted by adaptationists as testifying to

the strong burden of proof required for an adaptive

explanation:

Demonstrating adaptation, Williams argued, carries

an onerous burden of proof. Moreover, ‘‘This

biological principle [adaptation] should be used only

as a last resort. It should not be used when less

onerous principles… are sufficient for a complete

explanation’’ (1966, p. 11). Williams did suggest

qualities of trait design that could help build a case

for adaptation (e.g., precision, efficiency, economy)

and claimed that formulation of ‘‘sets of objective

criteria [of special design]’’ is a matter of ‘‘great

importance (1966, p. 9). (Andrews et al. 2002a,

p. 496)10

As we see in Andrews et al., there is also routine special

pleading that goes along with the Williams quotes. They

note that Williams himself applied only an informal

probability standard for establishing that a trait was an

adaptation: ‘‘whether a presumed function is served with

sufficient precision, economy, efficiency, etc., to rule out

pure chance… as an adequate explanation (p. 10)’’

(Andrews et al. 2002a, p. 496). So Williams himself

allowed the ‘‘onerous burden’’ of proving adaptation to be

satisfied, in practice, by something weaker than the

‘‘objective criteria’’ he claimed were importantly needed.

Leading behavioral ecologists Reeve and Sherman

(1993) also assume adaptation under a wide variety of

circumstances, rejecting a widespread definition of adap-

tation, articulated by philosopher Elliott Sober, as being too

weak. The requirements for adaptation are described by

Sober as follows. ‘‘A is an adaptation for task T in popu-

lation P if and only if A became prevalent in P because

there was selection for A, where the selective advantage of

A was due to the fact that A helped perform task T’’ (Sober

as quoted in Reeve and Sherman 1993, p. 7). Against this,

Reeve and Sherman complain that, ‘‘While clear evidence

of selective modification or functional design may be suf-

ficient to implicate a trait as an adaptation, such criteria are

not necessary to recognize adaptations’’ (1993, p. 7; italics

in original).

Reeve and Sherman argue that the big problem with

history-laden definitions of adaptation like Sober’s is that

they refer to both the product of the selective process and

the process itself:

Using this definition, a trait can be recognized as an

adaptation only if we know that the trait spread

through natural selection. Endler’s (1986) survey

reveals that this knowledge is available for very few

phenotypic attributes. This might mean that the

majority of traits should be considered nonadapta-

tions. Alternatively, it might suggest the need for a
8 I would like to thank the first reviewer from Biological Theory for

discussion on this issue, and for posing these questions.
9 Andrews et al. claim that, ‘‘The point of disagreement [concerning

adaptationism] centers around the probative value of the evidentiary

standards that adaptationists use to classify a trait as an adaptation’’

(2002a, p. 493).

10 Note that Williams, here, is just as strict, or stricter, than Gould

and Lewontin in his requirements for assigning the status of

‘‘adaptation’’ to a trait. There is an open question regarding how to

read Williams on this topic (Lloyd 2013).
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new kind of definition. (Reeve and Sherman 1993,

p. 8; emphasis added)

Reeve and Sherman seem to think that we must be able to

count traits as adaptations or nonadaptations in every

instance, even though sometimes we do not yet have

enough evidence to decide the case.11 As animal behav-

iorists Patrick Bateson and Kevin Laland noted, in a useful

recent article regarding the legacy of Tinbergen in the

evolution of animal behavior: ‘‘In principle, confusion over

‘function’, ‘design’, and ‘adaptation’ can be obviated if a

clear distinction is drawn between current utility and the

historical processes by which its current state was

reached…’’ (2013, p. 2).

What Reeve and Sherman then take to be the problem

with Sober’s definition appears to be that it does not allow

us to count enough traits as adaptations. This motivates

their presentation of a new definition that will allow us to

count more things as adaptations at the current time, using

current utility: ‘‘An adaptation is a phenotypic variant that

results in the highest fitness among a specified set of

variants in a given environment’’ (1993, p. 1). Reeve and

Sherman use current fitness to infer evolutionary history,

i.e., promoting inferences from ‘‘evolutionary causation

based on current utility’’ (1993, p. 2). The advantage of

their approach, they claim, is that it ‘‘decouples adaptations

from the evolutionary mechanisms that generate them’’

(1993, p. 1). This approach to adaptation is akin to what

philosopher Bertrand Russell called the ‘‘method of ‘pos-

tulating,’’’ which he said ‘‘had all the advantages of theft

over honest toil’’ (Russell 1919, p. 71). An initial problem

with methodological adaptationism in practice is thus that

it is prone to shirking its own ‘‘onerous burden of proof.’’

Mistake Alternatives as Mutually Exclusive Rather

than Complementary or Cooperative Accounts

The logic of research questions under the evolutionary

factors framework is a bit different from the one described

by many animal behaviorists, evolutionary psychologists,

and other behavioral biology adaptationists, when they

practice their craft of explaining the evolution of interest-

ing animal traits. Rather than seeing the alternative evo-

lutionary factors and forces as mutually exclusive to a

selective approach, the evolutionary factors researcher sees

them as potentially supplementary and complementary.

Thus, a given trait can be explained primarily through a

selective force, but also through a genetic or developmental

constraint on that selection, which narrows the range of

selective results (see Mayr 1983, p. 332; this solution bears

some similarity to the complementarity of nature and

nurture). This approach is very common among evolu-

tionary biologists. (I would like to emphasize that I am not

in any way against adaptive explanations themselves. But

rather than simply assuming that a trait is an adaptation, we

can start our examination of any trait by asking whether it

has a correlation with fitness and/or has design features and

is adaptive or has a function; thus, the question, ‘‘Does this

trait have a function?’’12)

Contrast the evolutionary factors approach with this

dualist methodological recommendation from Andrews

et al.:

Because hypotheses about constraint, exaptation, and

spandrel, and hypotheses about adaptation are often

mutually exclusive to each other, we have argued

that confidence in these alternatives increases only

when plausible adaptationist hypotheses have been

considered, subjected to special design scrutiny, and

systematically rejected. (Andrews et al. 2002b,

p. 535; italics in original, boldface added)

Andrews et al. are here making a logical point about how to

increase confidence in a hypothesis: if p and q are

exhaustive disjuncts, then increasing your confidence in p

commits you to decreasing your confidence in q, and vice

versa. This claim about confidence is a logical one, not an

empirical one, but we need empirically based confidence to

decide between options in science. There is thus something

misdirected about this dualist methodological recommen-

dation, as it neglects empirical consideration of nonadap-

tive hypotheses. Mayr (1983) made the same erroneous

setup: ‘‘Only after all attempts to [find an adaptive

explanation] have failed, is he justified in designating the

unexplained residue tentatively as a product of chance’’

(Mayr 1983, p. 326; note that Mayr’s view is entirely

binary, with ‘‘chance’’ referring to ‘‘the incidental bypro-

duct of stochastic processes,’’ where this is the only

alternative to being an adaptation, p. 326; see Millstein

2008).

Elsewhere Andrews et al. emphasize:

Moreover, building an empirical case that certain

features of a trait are best explained by exaptation,

spandrel, or constraint requires demonstrating that the

11 In contrast, Seger and Stubblefield (1996) find that the bias

towards functions is what limits the number of traits that we can treat

as adaptations, e.g., in clutch size in birds or in various life history

traits. Thanks to Steve Downes for pointing this out.

12 I do not mean to deny the common point about the division of

scientific labor, by saying that it is a good idea for some to start by

asking about the function of a trait. It would be more useful for a

phylogeneticist to start by asking whether a trait is ancestral or

derived, and more useful for a developmental biologist to ask how the

trait is developed in the organism. (Thanks to James Griesemer.) See

Beatty (1987). The question is: is it useful for anyone to be a

methodological adaptationist rather than following an evolutionary

factors approach?
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trait’s features cannot be better accounted for by

adaptationist hypotheses. Thus, we argue that the

testing of alternatives requires the consideration,

testing, and systematic rejection of adaptationist

hypotheses. (Andrews et al. 2002a, p. 489; italics

added)

They claim, furthermore, that ‘‘the testing of alternatives

[to adaptive hypotheses] that Gould and Lewontin request

implicitly requires the testing of adaptationist hypotheses’’

(2002b, p. 541; italics in original). But there is a crucial

conceptual difference here between their black-and-white

testing and rejection of adaptive hypotheses and my

recommendation in the evolutionary factors framework

that adaptive hypotheses be tested first. Under their

analysis of the structure of evolutionary theory, they see

the rejection of adaptive hypotheses as logically necessi-

tated for consideration or acceptance of any nonadaptive

hypothesis, whereas I consider it only a pragmatic

desideratum to start inquiry with investigations into fitness

and adaptive hypotheses, all things being equal, possibly

followed by independent investigation into alternative

nonadaptive hypotheses.13

Another important issue concerns the combination of

causes or forces of evolutionary importance. How does the

methodological adaptationist address the combination of

causes, once some aspect of adaptation has already been

shown? By using a binary and mutually exclusive setup of

adaptive and alternative evolutionary explanations of a

trait or character, they are building in many confusions in

terms of understanding how to test and confirm a variety of

claims concerning this situation (exemplified in Reeve and

Sherman 1993, p. 21; Andrews et al. 2002a, b).

Methodological adaptationists often want to set up a

research situation so that they are eliminating other

explanations in concluding that a trait must be an adapta-

tion, i.e., to construct a crucial experiment to show that the

trait must be an adaptation. The problem is that supporting

a particular adaptive account does not, in itself, eliminate

the plausibility or possibility of all the other causal pro-

cesses and accounts; for example, drift is often required to

reach a particular optimum (e.g., Wright 1931; Wade

2016). In addition, such an elimination of constraints,

byproducts, and other causal possibilities does not support

a particular adaptive account. That is, an adaptationist

model cannot eliminate all alternative models; that is not

how the theory is set up, because at least some of the

causes are potentially complementary. At least some of

these nonadaptive causes therefore need independent test-

ing and confirmation before they can be accepted or

rejected. This testing is totally independent of the type of

investigation offered under the adaptationist rubric.

Buss et al. also follow this same line of thought as

Andrews et al.:

As more and more functional features suggesting

special design are documented for a hypothesized

adaptation, each pointing to a successful solution to a

specific adaptive problem, the alternative hypotheses

of chance and incidental by-product become increas-

ingly improbable. (Buss et al. 1998, pp. 536–537)

Buss et al. (1998) narrow the alternatives to adaptation

down to chance and ‘‘incidental byproducts,’’ omitting all

the other sorts of evolutionary alternatives. This narrowing

allows them to create the appearance of having two

mutually exclusive disjuncts, but in fact, accumulating

evidence for one is not disconfirming all other hypotheses.

According to Andrews et al. (2002a, b), in order for an

alternative, nonadaptive evolutionary explanation to even

claim any evidence in its favor, it has to first show that all

of the adaptive explanations are wrong. This fits their logic

because to them, in a sense, there really are only two

mutually exclusive hypotheses to test: adaptation, and

nonadaptation. So in order to show that nonadaptation has

any support, you have to falsify adaptation. But this logic

only makes sense if there really are only two alternatives:

A and B. If there are only two mutually exclusive choices,

A and B, and one of them is true, evidence against A will

be support for B, and vice versa.

But this is faulty logic according to evolutionary sci-

ence. Actually, as evolutionary biology is usually taught

and conceived, there are a variety of evolutionary forces or

types of factors that can influence the form and distribution

of a given trait, only one of which is natural selection

(Singh and Krimbas 2000; Futuyma 2013). Usually, many

of these processes are understood to operate simultaneously

on a given trait, but only one or two are the major factors

causing its form and distribution at a given time (e.g.,

Wright 1931; Otsuka 2014; Wade 2016).

Only a proper and careful explication of the structure of

evolutionary theory and explanations, along with coordi-

nating standards of evidence, as outlined in ordinary evo-

lutionary texts and papers, can serve as the foundation to

sort out the questions raised by these authors. The

13 But note that there is a problem with our running definitions of

‘‘adaptation’’ and ‘‘function’’: the first generation feature, arising from

exaptations, byproducts, spandrels, or any source—e.g., a change that

provides additional protection, enables association with a new food

source, or otherwise brings a new niche into existence — does not yet

have a ‘‘function’’ under our chosen definition, because it has not yet

had a chance to be selected. Thus, in the first generation, we cannot

tell whether it is an exaptation or an adaptation, just that it is an

aptation (Gould and Vrba 1982). See discussion of Reeve and

Sherman’s definition of ‘‘adaptation,’’ based on current utility rather

than historical function (1993) in footnote 6 and ‘‘The Onerous

Burden of Proof’’ section, above. An approach from developmen-

tal byproducts and novelties might clarify the arena of problems.

Thank you to Stuart Newman for this example.
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argument is based on the structure and confirmation of

evolutionary theory, as presented currently in the evolu-

tionary factors framework of evolutionary theory: there is a

cluster of models using distinct evolutionary causes; any of

these may answer the question, ‘‘What evolutionary factors

account for the form and distribution of this trait?’’ Under

this analysis, the causes are not mutually exclusive; they

can be combined and serve as complementary causes of

evolutionary change, as in Wright’s combination drift and

selection models (1931), and in the hierarchical selection

models of Wade (1978, 1985, 2016) or Odling-Smee et al.

(2001).

We can also see from the above considerations why it is

that a division of labor solution will not work to mitigate

the damage of methodological adaptationism. It might be

suggested, for example, that methodological adaptationism

is relatively harmless if we divvy up the labor of evolu-

tionary biologists into a variety of pursuits, with some

pursuing avid (or ‘‘ardent,’’ in John Alcock’s term)

methodological adaptationism, while others are pursuing

an evolutionary factors approach that considers solutions to

trait formation and distribution other than adaptation.14 The

division of labor solution imagines that methodological

adaptationists are merely researchers who look for func-

tional explanations for traits, and if they cannot find one for

a trait, move on to look for another functional solution for

another trait. If that were all they were doing, they would

be quite harmless. But that is not an accurate description of

methodological adaptationism in practice. As we will also

see below, methodological adaptationism leads to bad

logic, bad reasoning about evidence, and inferior biology.

It is positively destructive of good science and good evo-

lutionary biology; it is not just a matter of overemphasis on

adaptation in the biological community.

The Lack of a Stopping Rule

Two of the best known problems with adaptationism—in

this case, targeted towards what I’m calling ‘‘method-

ological adaptationism’’—are articulated by Gould and

Lewontin in the following:

[1]We would not object so strenuously to the adap-

tationist programme if its invocation, in any partic-

ular case, could lead in principle to its rejection for

want of evidence. We might still view it as restrictive

and object to its status as an argument of first choice.

But if it could be dismissed after failing some explicit

test, then alternatives would get their chance.

Unfortunately, a common procedure among

evolutionists does not allow such definable rejec-

tion…. [2] The criteria for acceptance of a story are

so loose that many pass without proper confirmation.

Often, evolutionists use consistency with natural

selection as the sole criterion and consider their work

done when they concoct a plausible story. But plau-

sible stories can always be told. (Gould and Lewontin

1979, pp. 587–88)

Note here that in the first complaint, Gould and Lewontin

are appealing for a ‘‘stopping rule’’ of some kind, some

standard that would signal the abandonment of the search

for adaptive stories, or the time to investigate alternative

accounts from the evolutionary canon. The second com-

plaint is about the just-so stories getting accepted as

scientific without real evidence supporting them. No one

should be happy with the standard of evidence in evolu-

tionary science allowing for the acceptance of just-so

stories on the sole criterion of consistency with natural

selection.

The methodological adaptationists agree that we should

not accept just-so stories, and take themselves to have

absorbed Gould and Lewontin’s complaints quite thoroughly.

For instance, here are Andrews et al. characterizing Gould

and Lewontin as having complained that adaptationists

… often use inappropriate evidentiary standards for

identifying adaptations and their functions, and that

they often fail to consider alternative hypotheses to

adaptation….[they discuss] the standards of evidence

that could be used to identify adaptations and when

and how they may be appropriately used. (Andrews

et al. 2002a, p. 489)

As Andrews et al. understand Gould and Lewontin’s first

complaint, it is best responded to by testing nonadaptive

hypotheses through testing adaptationist hypotheses as

discussed in the previous section. This is supposed to blunt

the stopping rule problem, as it provides testing of the

appropriate kind. However, it does not do so, because the

two are not really mutually exclusive disjuncts, adaptation

versus nonadaptation. This attempt to reply to Gould and

Lewontin’s first complaint actually opens them to Gould

and Lewontin’s second complaint, as can be seen in the

following quotation from the same article:

… a major thrust of our article was to argue that a

consistency standard is inadequate. In effect, we

argued that one should not accept a particular

hypothesis until all alternative hypotheses are shown

to be very unlikely to account for a trait. (Andrews

et al. 2002b, p. 541; their emphasis)

In this passage, Andrews et al. attempt to spell out just

what sorts of hypotheses need testing to reject hypotheses
14 Thanks to Archie Fields III and Carla Fehr for discussion of this

issue.
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in their binary pairings of adaptive and nonadaptive

evolutionary causes (Millstein 2007). The problem is that

in their ‘‘switching rule,’’ as I call it, they do not distinguish

between live options that offer plausible lines of inquiry

supported by some evidence, and mere hypotheticals that

have no plausibility or supporting evidence at all in the

evolutionary context, which are the sort of thing that Gould

and Lewontin called ‘‘just-so stories.’’ This was supposed

to be the methodological adaptationists’ way of responding

to Gould and Lewontin’s complaint about the lack of a

stopping rule, but in trying to dodge Scylla they have

landed in Charybdis. Their conceptual confusions about the

variety of evolutionary factors and their roles in evolu-

tionary theory have led them to do just what Gould and

Lewontin complained about, while trying to reply to them:

adaptive just-so stories are getting unearned credit.

There is another type of stopping rule problem that may

lead even methodological adaptationists to want to recon-

sider their own standards of when to stop looking for

adaptive explanations. Take the example of the glass tree

frogs. Both regular tree frogs and glass frogs are green,

which is traditionally explained as an adaptation for cam-

ouflage against the green leaves of their environment. But

the two types of frogs attain their green color differently:

regular tree frogs are green through absorbing parts of the

visible spectrum of light, in the usual way, while glass

frogs are green through refracting light. Does this make any

difference?

Adaptationists interested in exploring why the glass tree

frogs used refractive color to be green investigated the two

types of frog under infrared light, and found that regular

tree frogs absorb infrared light, contrasting with the plant

leaves on which they sit, which reflect infrared, while the

glass frogs are invisible, as they also reflect infrared, and

are thus totally camouflaged (Schwalm et al. 1977). It also

turns out that the geographic range of the glass frogs

exactly overlaps the range of pit vipers, snakes that hunt

using infrared sensitivity. Thus, we end up with a totally

new, updated adaptive explanation for the green color of

the glass frog. But suppose that no one had been curious

about the refraction method of coloration of the glass frog?

We would have ended up stopping with the old story about

why frogs are green, which we now believe is only half

right in the case of the green glass frogs. This type of

example provokes a puzzle: when do we stop looking for

adaptive explanations? It seems that we should not stop

looking just because we have one. Neither methodological

adaptationists nor proponents of the evolutionary factors

framework have a definite solution to this dilemma; the

latter are in a better state only in that they tend to be more

alive to the worry.15

Loss of Ability to Evaluate and Weigh Evidence

for Alternative Causal Hypotheses

But there are even more serious problems that have arisen

from methodological adaptationism. In practice, method-

ological adaptationists sometimes cannot compare the

weight of evidence for various hypotheses, one against the

other. This is a more serious problem than the stopping rule

problem because even when consideration of evolutionary

hypotheses involving the other evolutionary factors really

does happen, what counts as evidence supporting those

hypotheses fails to come into view.

I have spent over 30 years researching and analyzing the

evolutionary explanations for female orgasm. In my 2005

book, I concluded that the byproduct/bonus account had the

most evidential support, a position I still hold. The account

was first proposed by anthropologist Donald Symons in

1979.16 It is based on developmental symmetries in the

sexes, much like the sharing of nipples in men and women.

Female nipples clearly provide a reproductive advantage to

female mammals, but there is no known contribution to

fitness of male nipples for the males. The evolutionary

explanation for the existence of male nipples is based on

the development of the embryo, and the fact that nipples

are adaptations in females. Males and females share the

same embryological form at the beginnings of life—they

start off with the same basic body plan, and only if the male

embryos receive a jolt of hormones during the eighth week

of pregnancy do any sexually distinguishing characteristics

appear. Similarly, in males, orgasms are adaptations—we

believe they are the active consequences of stabilizing

selection—but the females get them for free. The tissues

involved in orgasm for males and females are homologues,

shared between males and females, including nerve tissues,

erectile tissues, and muscle fibers. This whole embry-

ological pattern, not just the clitoris (and potentially

involving the five afferent pathways I mention in my 2005

book), is involved in producing orgasm in females, and is

produced in them through their embryological connection

to the same tissues in males. So females get the functioning

orgasmic tissues, and are often capable of having orgasms

under the right conditions of rhythmic stimulation.17

15 Thanks to Michael Wade for this example.

16 Interestingly, Symons identifies himself as an ‘‘adaptationist,’’ but

an analysis of his research shows that he is not a methodological

adaptationist in the Mayrian sense used in this paper, but rather an

‘‘adaptationist’’ following the path of the evolutionary factors

framework’s first questions (see Symons 1990).
17 While apparently most often these tissues involve primarily the

total clitoris and lower vaginal areas, Barry Komisaruk and his

colleagues had noted that the cervix could serve as a center of

orgasmic pleasure in some women under appropriate conditions of

stimulation (2006; Kinsey et al. 1953). Komisaruk et al. have more

recently shown that the human vagina, cervix, and clitoris are

innervated by different afferent pathways, which project to different
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Female orgasm is seen, technically, as a byproduct or

bonus of selection on male orgasm.

In a discussion of my early work on the evolution of

female orgasm, evolutionary writer Stephen Jay Gould

presented a variety of empirical evidence in favor of

Symons’s byproduct/bonus view, under which female

orgasm is understood to arise as a consequence of strong

stabilizing selection on male orgasm (Gould 1987).

Adaptationist Donald Dewsbury, a distinguished psychol-

ogist studying animal reproductive behavior, claimed in

response to Gould’s discussion,

… But Gould (1987) goes too far in asserting that

‘‘female orgasm is not an adaptation at all’’ (p. 17).

We need to study the consequences of [female]

orgasm for differential reproductive success and then

determine whether a plausible case can be made for

drawing the loop from present consequences to the

past history of natural selection. These need to be

studied, not asserted or denied a priori. (Dewsbury

1992, p. 103; my emphasis)

But Gould is actually representing Symons’ views in this

quote; the full quote says: ‘‘In all the recent Darwinian

literature, I believe that Donald Symons is the only

scientist who presented what I consider the proper

answer—that female orgasm is not an adaptation at all.

(See his book, The Evolution of Human Sexuality (1979))’’

(Gould 1987, p. 17). The perception of Dewsbury’s was,

clearly, that no good evidence had entered into the debate,

despite Symons’s entire book chapter detailing empirical

evidence supporting his theory, and Gould’s appeals to the

empirical support that I had amassed,18 involving 14

studies, which now consist of 66 years of sexology

evidence involving 141,229 women in 35 studies (see

Lloyd 2005 for a collection of the evidence and analysis;

Kinsey et al. 1953). But all of that evidence (discussed

below, in the ‘‘’Null’ Hypotheses’’ section) was invisible to

these researchers. Apparently adaptive hypotheses could be

favored or disfavored by the evidence (and they had not

been favored in the female orgasm case so far), but a

nonadaptive hypothesis like the byproduct/bonus account

could only seem to be ‘‘asserted or denied a priori.’’

Note that the repeated failure of adaptationist accounts

does not have any bearing on the positive evidence

available supporting the bonus/byproduct account,

although many adaptationists incorrectly believe that this

failure of the adaptationist accounts is the sole evidence

supporting the bonus/byproduct explanation (e.g., Alcock

1998; Linquist 2006). Because the logic of the method-

ological adaptationists’ function question demands a

function answer, no bonus/byproduct answer can be con-

sidered a positive answer to their research question, and

thus bear support in its favor (see Mayr 1983).

Andrews et al., in considering Gould’s discussion of the

case of the female orgasm, claimed that Gould gave no

positive evidence for the trait not being an adaptation, under

either the contemporary fitness view of adaptation or under a

historical functional account, and simply ‘‘proclaimed that

the female orgasm is not an adaption but a byproduct’’

(2002a, p. 499, footnote 6, p. 504). They ignored Gould’s

discussion of the reasons that the available adaptive

accounts are not persuasive, and of the positive reasons for

thinking it is not an adaptation, in the essay, which were

drawn from both Symons’ (1979) book, and an unpublished

paper of mine that later became the 2005 book. Andrews

et al. complain about Gould’s methodology that:

Gould’s conclusion may be correct but his argument

does not warrant it. As we point out later, demon-

strating that the female clitoris and orgasm are

byproducts requires the failure to find evidence for its

special design and, hence, an adaptationist testing

strategy. (Andrews et al. 2002a, p. 499)

Note Andrews et al.’s requirements for something to be

shown to be a byproduct/bonus. They acknowledge that

Gould may well be right about the fact of the female

orgasm being a byproduct, but complain that Gould did not

fulfill their requirements and make a case for the bypro-

duct/bonus conclusion because his positive evidence did

not count for the methodological adaptationists.

But what about the other evolutionary factors that are

allowed in all evolutionary textbooks? Reeve and Sherman

(1993) allow that there are ‘‘mechanisms of persistence

other than natural selection,’’ and they list them as follows:

‘‘a relatively non-adaptive trait may persist because of

several processes including prolonged lack of genetic

variation, unbreakable genetic correlations with other

traits, recurrent immigration, and genetic drift’’ (Reeve and

Sherman 1993, p. 19; cf. Futuyma 2013). But it turns out

that in practice they take these alternative causes, such as

developmental constraints or genetic correlation to either

actually be serving the adaptive functions as well, or to not

really be viable as alternative causal explanations to

adaptive explanations. From this we can see why the list of

answers to the methodological adaptationist research

question does not actually include these other answers

besides the function ones.

Footnote 17 continued

areas in the sensory cortex in the brain (2011). More research is

necessary to understand these aspects of female orgasm more fully.
18 Gould says: ‘‘Elisabeth Lloyd, a philosopher of science at the

University of California at San Diego, has just completed a critical

study of explanations recently proposed by evolutionary biologists for

the origins and significance of female orgasm. Nearly all these

proposals follow the lamentable tradition of speculative storytelling in

the a priori adaptationist mode’’ (1987, p. 17).
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For example, they argue that we cannot use genetic

correlation as a genuine alternative causal explanation to an

adaptive one, on the basis of their denial that genetic cor-

relations are an independent causal evolutionary factor

when doing research into the presence of a genetic trait.

They argue:

We do not deny that genetic correlations can impede

adaptation. Moreover, we acknowledge that in some

(special) instances the breakdown of genetic corre-

lations may be unlikely, as with correlations between

male traits and female mating preferences that build

up automatically due to female choice (Fisher 1958;

Lande 1981). We merely suggest it is inappropriate to

assume that genetic correlations cannot be broken. In

particular, finding a genetic correlation between two

traits is insufficient for invoking that correlation as

the explanation for the presence of either of them.

The relative fitnesses of alternatives for each trait

still must be examined to address the possibility that

both traits are selectively maintained over their

alternatives. (Reeve and Sherman 1993, p. 20;

emphasis added)

They discuss the case of Halliday and Arnold (1987), who

proposed that male and female reproductive tendency may

be genetically correlated in a variety of species, and that

multiple mating by females was genetically correlated to a

polygenic trait selected in males, but not selected in

females.

Reeve and Sherman say:

Halliday and Arnold’s (1987) explanation suffers

from an incomplete phenotype-set specification, since

the possibility clearly exists that male and female

mating frequencies were in the past free to evolve

separately, with a positive correlation between the

two becoming established later when it was favored.

Thus regardless of male polygyny, the reproductive

consequences of multiple mating for females would

still merit investigation (e.g., Westneat et al. 1990;

Birkhead and Miller 1992). (1993, p. 20)

But there is no evidence concerning a past in which the

traits were independent, as they seem to have been

correlated throughout, according to the evidence presented

by Halliday and Arnold. Reeve and Sherman intend, in

setting up the optimality models for the studies, that the

evolutionists should assume full independence of the states.

This testifies to the usual methodological adaptationist

assumption: if the genetic correlations are good, selection

will create them; if they are bad, selection will remove

them (see Marrow and Johnstone 1996). But Halliday and

Arnold think the correlation ‘‘merits investigation,’’ as

suggested here, and are proposing something much more

useful than further speculation about what selection has

done, which is that geneticists expertly studying various

species actually perform genetic studies to empirically

discover whether or not (instead of speculating about

whether or not) the females of the various species do have

the genetic correlations that they are hypothesized to

have—not to create yet more adaptive stories or assump-

tions about it!

This suggestion about how to set up optimality models

reflects an atomization project on the part of Reeve and

Sherman. They propose to methodologically assume that

they have separable traits in the face of biological evidence

that the separability of these traits is false (e.g., Halliday

and Arnold’s experimental research). About these atomized

traits they then ask the methodological adaptationist

question: ‘‘What is the function of this trait?’’ and give

separate answers for each trait.

‘‘Null’’ Hypotheses

‘‘Does this trait have a function?’’ The evolutionary factors

researcher asks this precise question. Note that it has a very

different logic from the methodological adaptationists’

question. The evolutionary factors approach assumes that

we can identify the trait under investigation even though it

may not have a function, or a correlation with fitness; many

adaptationists in practice act as if one cannot identify traits

unless they have functions, that they are not within the

purview of evolutionary explanations if they lack func-

tions. But this is indefensible, given that there are a number

of nonadaptive evolutionary explanations potentially

available for traits, as Gould and Lewontin emphasized in

their ‘‘Spandrels’’ paper (1979). The logic of the evolu-

tionary factors framework, under which a leading question

asked is whether or not the trait has a function, is more

holistic, less atomistic, more open, less presumptive, and

less reductionistic.

To ask ‘‘Does this trait have a function?’’ we need to

have a method of identification of the trait, independent

from the breakdown and atomization of traits we get from

adaptationists. This can get tricky. For example, consider

Michael Wade’s ‘‘larval count’’ of willow beetles in his

field studies (Wade and Breden 1986; Breden and Wade

1987; McCauley et al. 1988; Wade 1994). When in the

field, Wade sought to find a count of all the group-living

larvae clustered together in the groups of beetles on each

leaf. Is this trait of ‘‘larval count’’ a biologically significant

one in nature, or a mere figment of the researcher’s

imagination? Consider one of the predators who eat the

larvae, the warblers. They bite off the whole chunk of leaf

that the entire group lives on together, all at once, thus

confirming that ‘‘larval count’’ is a useful trait for both

biology and nature. However, there is also a bug (a species
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of plant bugs, Miridae), that eats the larvae, but does so one

by one, seemingly never encountering the whole larval

group embodied in Wade’s ‘‘larval count.’’ In between, we

have the ladybird beetles, that sometimes eat whole groups

of larvae, and sometimes eat only one or two at a time,

depending on how desperate they are for food. Thus, we

have an entire array of biologically meaningful ways to

carve up the willow beetle larval groupings, depending on

which predator we are focused on, only one of which is

captured by Wade’s ‘‘larval count’’ (Wade and Breden

1986; Breden and Wade 1987; McCauley et al. 1988;

Wade 1994). We can put Wade’s emphasis on interde-

pendent and non-atomistic traits within the evolutionary

factors methodology, as a relevant sharp contrast with the

methodological adaptationists. The atomization of traits

that Gould and Lewontin were concerned with was a fun-

damental element in their concerns about adaptationism.

Ritual recitation of Gould and Lewontin’s ‘‘Spandrels’’

paper in the adaptationist literature usually includes only

the lesson that not everything is an adaptation. But this

misses one of the primary points of their paper, which

includes the problem of the neglect of developmental

constraints, phyletic inertia, and Baupläne as evolutionary

causes (or the breakdown of these into atomic bits via their

optimization methodology). Attention to the logic of

research questions illuminates this problem. How can these

other factors ever appear on the methodological adapta-

tionist’s list of real answers?

I argue that methodological adaptationists are commit-

ted to this neglect by the logic of their initial orienting

question. Once this first move is carried out, which seems

so innocent, methodological adaptationism is rationally

going to lead to error in some cases. This is because

starting our biological inquiry by asking the methodologi-

cal adaptationists’ function-question involves treating

nonadaptive hypotheses as something like statistical nulls.

For example, David Barash says explicitly in a discussion

regarding a byproduct/bonus theory of female orgasm, that

the possibilities include ‘‘the ‘null hypothesis’ that it might

not be a direct product of evolution after all’’ (2009,

p. 133).19 In general usage in science or biology, a null

hypothesis is usually a negative alternative to a positive

correlational hypothesis, often used in Neyman-Pearson

statistical analyses; the use of the ‘‘null’’ hypothesis by

behavioral biologists tends to be much more informal, and

not to signify necessarily the application of any formal

statistical test at all. The positive hypothesis in this case

would be one in which a trait was positively correlated with

fitness or some component of fitness, while the null

hypothesis would be simply a non-correlation with fitness,

often indicating non-selection. An example will bring this

out.

Stefan Linquist, writing about my analysis of a

byproduct/bonus explanation for the evolution of human

female orgasm, asserted that ‘‘[t]he burden of Lloyd’s

argument [in her 2005 book] is to show that none of the

available adaptationist hypotheses are defensible’’ (Lin-

quist 2006, p. 413). If this were right, then defending the

byproduct/bonus view would in effect be to show that we

must settle for the null hypothesis, since we fail to reject

it. This is why researchers like Alcock and Sherman

equate the bonus/byproduct account with scientific sur-

render; it would amount to giving up on having a causal

account (e.g., see the language in Alcock 1987, 1998;

Sherman 1989). This, however, is the wrong standard. It

presents the scientific situation as all-or-nothing, the

adaptation account or no scientific account at all. The

byproduct/bonus theory is a causal evolutionary account,

and has its own kind of evidence in its favor (see Beatty

(1987) for a parallel point about drift). Analysis of the

logic of research questions helps make the source and

nature of this confusion quite clear. But Alcock’s case

also verifies that the methodological adaptationists’ list of

questions is all adaptation answers, and no other kinds of

answers.

Let’s review the questions asked by the methodological

adaptationists and the holders of the evolutionary factors

framework, and their samples of relevant well-formed

answers here:

Analysis according to the Logic of Research Questions:

Methodological Adaptationists: What is the function of

this trait?’’

Possible Answers:

A: The function of this trait is F.

A: The function of this trait is G.

A: The function of this trait is H, or I, J…Z, AA,

BB,…ZZ, AAA, BBB…????

(Faulty A: This trait has no known function or correla-

tion with fitness, and may not be a direct product of

selection at all (i.e., adaptationists’ ‘‘null’’ hypothesis,

which, e.g., Linquist treats as equivalent to the bonus/

byproduct hypothesis))

Evolutionary Factors Approach: What evolutionary

factors account for the form and distribution of this trait?

Does this trait have a function?

Possible Answers:

A: This trait occurs in the population because it has the

function F, which is an adaptation.

A: This trait has its current form and distribution among

one sex largely because it is a byproduct of selection on

the opposite sex’s trait.
19 By ‘‘evolution,’’ Barash means ‘‘selection,’’ in context. This

mistake is discussed in the next section.
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A: This trait occurs widely in this population because it

is genetically linked to a trait that is highly adaptive in

this species.

A: This trait has its current form largely because of an

ancestral developmental pattern that provides a contem-

porary developmental constraint.

A: This trait has its current form and distribution largely

because of a phyletic pattern from an ancestor that is

continued in this trait.

Etc.

As can be seen by analysis of the logic of these research

questions, then, those using the methodological adapta-

tionist approach cannot appreciate the accumulated evi-

dence for the byproduct/bonus approach. This evidence is

in some sense only visible on the evolutionary factors

framework, where the weight of evidence is the right

approach to use in evaluating the byproduct/bonus

hypothesis and its alternatives. Methodological adapta-

tionism is much more restrictive or limited than it at first

appears. The evolutionary factors framework works very

differently from the methodological adaptationist one in

terms of how to treat evidence: an adaptive hypothesis can

be compared directly to a nonadaptive one, for example a

byproduct/bonus hypothesis, by comparing evidence in

favor of each view. Under the function question asked by

the methodological adaptationists, the byproduct/bonus

account gets incorrectly classified as a null hypothesis, and

a null hypothesis cannot have independent evidence in its

favor (thus they were following something like a Fisher-

type approach to nulls in statistics, informally).20

Two points emerge from the discussion above. First,

characterizing the byproduct/bonus alternative as a ‘‘null’’

hypothesis leads to the impossibility of positive evidence

for what is, in truth, a causal hypothesis, which needs

empirical support or refutation. Thus, the attribution of a

‘‘null’’ is completely mistaken and illegitimate. Secondly,

if, in attempting to pursue the evolutionary factors

methodology, the research community gets stuck on the

first, adaptationist step of pursuing only functional answers

to the question of whether the trait has a function, then the

other characterizations of the trait will not be pursued, and

a balanced view of the weight of evidence will not appear.

Logically, they would be behaving as methodological

adaptationists. Both of these errors must be avoided if the

reasoning processes about evidence are to go smoothly, and

the evidence weighed appropriately, e.g., in the byproduct/

bonus case we are considering.

To see this, it is important to analyze questions by

looking at what counts as valid answers to them. A ‘‘verbal

twin’’21 of the evolutionary factors methodologists’ ‘‘does

this have a function’’ question could, in practice, only

allow answers that affirm that it does. This would be to

logically ask the methodological adaptationist question in

the guise of asking the evolutionary factors question. So

what question is logically being asked cannot be detected

by looking at the surface syntax of the sentences the sci-

entist uses to express questions. Two syntactically indis-

tinguishable questions may be expressing logically

distinguishable questions. One can also express the same

question by using syntactically different sentences; the

details of the wording are in some sense logically arbitrary.

The logic of the research question is revealed by the

answers attached to it. Thus, both the methodological

adaptationist and the evolutionary factors approach theorist

can ask about adaptive traits or functions, but the full

meaning of the question will not be revealed until we can

see what list of answers are live options and under full

consideration. As we have shown, the methodological

adaptationists may claim to have the same items on their

lists as the evolutionary factors theorists, but when push

comes to shove, they deny treating them as live options, on

their own accounts.

This is a subtle but crucial point. You need to look at the

logic of the research questions themselves, not just the

verbal formulations of them, in order to really understand

what is being compared and investigated. They could

investigate very different things, depending on what

answers are actually being allowed—either a range of

function answers, or a full range of evolutionary factors.

Only investigating the logic of these research questions can

bring out this difference.

As an answer to the more inclusive evolutionary factors

question, a byproduct/bonus account is an alternate causal

hypothesis to an adaptive account, with a set of specific

evolutionary mechanisms involving byproducts of selec-

tion, which can accumulate evidence in its favor: it is not

merely a null result, pace Barash. The identity of the

embryological origins of the tissues, biochemistry, nerves,

and muscles involved in orgasm has been established in

human beings (Komisaruk et al. 2006). The existence and

use of these identical tissues and nerves has been estab-

lished also in nonhuman primates, a nice piece of com-

parative evolutionary evidence (Lloyd 2005). The lack of

the performance of the trait in females during the most

common and ordinary sexual encounters, i.e., vaginal

intercourse, has been abundantly documented, thus under-

mining theories that treat female orgasm as an obvious

adaptation (Lloyd 2005). More importantly, the search for

genetic correlations between numbers of offspring and

20 Thanks to Eduoard Machery for discussion. See Meehl (1954) for

corrections to similar confusions in the comparison between statistical

and causal hypotheses.

21 This language comes from Thompson Clarke, ‘‘The Legacy of

Skepticism,’’ (Clarke 1972).
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occurrence of orgasm failed spectacularly, in a study of

over 8000 women, thus undermining the claim that orgasm

is associated with fitness in an evolutionarily influential

way (Zietsch and Santtila 2013). It cannot be, if there is no

genetic fitness advantage with women who have orgasm

with intercourse, compared to those who do not.22 Yet none

of this evidence is recognized or weighed when consider-

ing this trait from the adaptationist methodology. Thus,

even though the methodological adaptationists present their

adherence to their research program and its attendant

question as perfectly harmless and in fact very good and

productive science, we can see here an example of where it

goes astray.

In essence, the byproduct/bonus hypothesis cannot be an

answer to the function question asked by the method-

ological adaptationist, while it is a perfectly acceptable

answer to the evolutionary factors question. We can see in

these various researchers’ responses to the orgasm case

how confused they become by focusing only on their pri-

mary research question, ‘‘What is the function of this

trait?’’ As discussed in the previous section, when several

adaptationists were launching arguments against Gould’s

presentation of Symons’s byproduct/bonus hypothesis that

was based on my analysis, they—very strangely—behaved

as if no empirical evidence had been considered at all. The

null hypothesis explanation of the methodological adapta-

tionists’ reasoning explains why this occurred. The

byproduct/bonus hypothesis, as a nonadaptive hypothesis,

is being treated as just a null hypothesis. Because they treat

the positive, causal byproduct/bonus hypothesis as merely

a null hypothesis, and because they implicitly assume that

no null hypothesis may have evidence in support, they

cannot see the evidence supporting the byproduct/bonus

account. Demonstrating the truth of the bonus/byproduct

hypothesis became for Andrews et al. just the failure to

support any hypotheses of special design (Andrews et al.

2002a, b). For a methodological adaptationist, the nonse-

lective hypothesis is often treated as the failure to find an

explanation, which they view as scientific surrender and

failure (Alcock 1987, 1998; Sherman 1989; see Lloyd 2005

for discussion). Mayr offers an especially clear example of

this outlook:

As a consequence of the adaptationist dilemma, when

one selectionist explanation of a feature has been

discredited, the evolutionist must test other possible

adaptationist solutions before he can resign and say:

This phenomenon must be a product of chance.

(Mayr 1983, p. 326)

Before we end the discussion of the dangers of method-

ological adaptationism, I must acknowledge that many (or

almost all?) will object to my criticisms of adaptationism:

But methodological adaptationism is so useful! Surely you

are not advocating sacrificing our most fruitful research

tool?! And no, I am not doing so, since the evolutionary

factors framework includes the use of adaptation, and the

search for connections to fitness or function, as a first ‘‘go-

to’’ algorithm. The evolutionary factors framework advo-

cates starting research by trying out the adaptive answer to

‘‘Does this trait have a function?’’ and learning and keeping

at the top of the mind as real causal alternatives the other

evolutionary factors. (Sometimes this different set of

answers may require a different laboratory setup or tools,

e.g., David Wake’s work on salamanders, 1991, 2009;

Griesemer 2013, 2015.) That is the difference between

methodological adaptationism and the evolutionary factors

framework: the non-adaptive explanations are real, causal,

live alternatives that can be supported with evidence, and

need to have their own support found for them. Moreover,

this evidential support for the variety of non-adaptive

evolutionary factors must be recognized when it is

presented, and not treated within a mutually exclusive

framework of evidence, in contrast to the recent past

history I have touched on in this paper.

How to Apply Evolutionary Factors Methodology:
A Case Study

‘‘To show that female orgasm is most likely not an adaptation

would require good evidence contradicting the upsuck

hypothesis which is altogether absent’’ (Linquist 2006,

p. 419). Linquist’s suggested approach is significantly dif-

ferent from the evolutionary factors approach of weighing

evidence discussed above in the ‘‘’Null’ Hypotheses’’ sec-

tion, where each explanation acquires evidence on its own

account, independently, and not in relation to a privileged

adaptive account. Developmental constraints are often dis-

covered and understood during the investigation of adaptive

traits, so in this case searching for a function of a trait may

serve a useful research goal. However, when developmental

constraints are uncovered, it becomes extremely important

for the researcher to acknowledge that there is an indepen-

dent, nonadaptive causal process involved in the evolution of

this trait, and which is complementary to the selective pro-

cess, and which provides limits and constraints upon it, and

which also needs to be investigated independently. What is

known about the genetics of this developmental trait–are

there similar traits in related species? What can we find out

about its evolutionary history? What about its social context

and history in different regions? All of these questions are

independent of the adaptationist research question involving

22 It may be that modern circumstances somehow block the

historically relevant correlations from appearing in the data; however,

the authors argue against such an interpretation (Zietsch and Santtila

2013).
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the function of the original trait. They are nonselective

causes, and are customarily treated separately, and have their

own set of confirmatory and evidential standards. As such,

then, the original methodological adaptationist research

question, ‘‘What is the function of this trait?’’ could be

understood as quickly leading to information regarding

another evolutionary cause, different and independent of

selection, which then needs to be investigated under a dis-

tinct set of evidential standards as an answer to a different

question.

For a concrete example, part (the male aspect) of the

evolutionary explanation for the form and distribution of

the original trait of female orgasm (as the evolutionary

factors research question would pose it) is answered by the

selection account, and part (the female aspect) by the

nonselective, developmental constraint account. This is

ordinary evolutionary theory, but there is little room for

such an explanation in the approach outlined by Linquist,

or Andrews et al. We could not narrow such a complex

evolutionary explanation into a binary setup such as

Andrews et al. proposed (2002a, p. 503).

In my 2005 book, I have shown the multiple and weighty

lines of evidence favoring the bonus/byproduct hypothesis,

in the form of conformance with the distribution of orgasmic

performance, the nonhuman primate evidence for the sepa-

ration of orgasm from reproductive acts, and the (admittedly

inadequate) cross-cultural evidence confirming the lack of

orgasm in reproductive contexts altogether. Since then a

complete lack of genetic correlation between female orgasm

and fitness has been documented, thus undermining attempts

to pose the trait as an evolutionary adaptation (Zietsch and

Santtila 2013). This is why the byproduct/bonus account

cannot be treated as a ‘‘null’’ hypothesis; the byproduct/

bonus theory has all this, and more, evidence weighing in its

favor, which should not be allowed to disappear when

compared with one or another adaptive hypothesis. For

example, according to 37 studies of 148,346 women using 27

metrics, only about 20 % of the female population reliably

has orgasm with intercourse, while about 90 % of the female

population does have orgasm sometime during their lives. So

while there is a wide variety of ease and frequency of orgasm

among women, due possibly to differences in other devel-

opmental factors, social factors, and other environmental

differences, orgasm is present in the vast majority of women,

but it does not routinely appear in the evolutionarily relevant

context, i.e., vaginal intercourse. The byproduct/bonus view

gives an explanation for this.

Compare the status of the empirical evidence supporting

the most favored current adaptive account (Puts et al. 2012;

Wheatley and Puts 2015) with the bonus/byproduct

account. The popular female choice account posits females

mating multiple times over a short period of time with

different males. It assumes that orgasm increases

fertilization through the mechanism of uterine upsuck,

which makes it more likely that females will be impreg-

nated by higher-quality males and produce more and better

offspring. Alan Dixson, the world authority on comparative

primate sexuality, denies that this sort of cryptic female

choice selection occurs in human beings (2012, p. 630). As

expected, then, the female choice set of claims is not

supported, as can be seen by the following levels/quality of

empirical evidence (see Lloyd 2005; Levin 2011, 2014a, b;

Zietsch et al. 2011). (Each evolutionary model is supplied

with traits, a hereditary basis, a connection of the trait to

fitness, if there is one, and a selection pressure, if there is

one.) Note that these authors do not evaluate the byproduct/

bonus account on its own merits.

Female Choice/Good Males Hypothesis

Trait—[Mate with multiple males]: Fair evidence

Trait—[Female orgasm preferentially with high quality

males]: Fair evidence

Trait—[Uterine upsuck]: Evidence Against

Hereditary basis—[Orgasm’s heritability]: Good evidence

Connection to fitness—[More offspring with higher

orgasm frequency]: Evidence Against

Selection pressure—[Strong pressure on women to have

offspring of high-quality fathers; female choice, sperm

transport]: Poor evidence

Contrast this evolutionary model with the one for the

bonus/byproduct account, under which female orgasm

occurs through a developmental homology between the

penis and clitoris and orgasmic tissues shared between men

and women, combined with stabilizing selection on the

male orgasm. A few of the pieces of evidence supporting

this account are listed below, including women’s surpris-

ingly low rate of orgasm with intercourse23 (Lloyd 2005;

Levin 2014b), the hereditary basis of orgasm (Dawood

et al. 2005; Dunn et al. 2005), and the total lack of any

genetic correlation with fitness (Zietsch and Santtila 2013).

Byproduct/Bonus Hypothesis

Trait—[Developmental homologies between orgasmic

tissues]: Excellent evidence

Trait—[Effectiveness of female masturbation in produc-

ing orgasm]: Excellent evidence

23 This low rate is apparently explained by an anatomical correlation

between the structure of the genitals and the rate of orgasm with

intercourse. Those women with a longer distance between clitoris and

urinary meatus have reliably many fewer orgasms with intercourse

than those women with a shorter distance (Wallen and Lloyd 2011).

Note again that the occurrence of orgasm is not correlated with fitness

measures (Zietsch and Santtila 2011, 2013), so these different

distances cannot be interpreted functionally, under the present

information. Only Hrdy’s, of the current theories, presents female

orgasm as anything but a present adaptation.
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Trait—[Low rates of female orgasm with intercourse]:

Excellent evidence

Trait—[Female orgasm in nonhuman primates]: Good

evidence

Hereditary basis—[Orgasm’s heritability]: Good evidence

Connection to fitness—[NO correlation with fitness]:

Very good evidence

Note that in both cases, there is evidence for no function

of orgasm in females, which is nonresponsive to the

research question of the methodological adaptationists,

‘‘What is the function of this trait?’’ Instead, the byproduct/

bonus explanation is better seen in terms of the logic of the

evolutionary factors research question, specifically, ‘‘What

evolutionary factors account for the form and distribution

of the trait of female orgasm?’’ What the byproduct/bonus

explanation does is give a new possible alternative answer:

A: This trait has its current form and distribution largely

because it is a byproduct/bonus of strong stabilizing

selection on the male orgasm.

This is the correct reading of the bonus/byproduct theory

of female orgasm, as a positive alternative causal hypoth-

esis, not as a null hypothesis. It is an alternative to the

previous, function answers to the methodological adapta-

tionists’ question, and it is an answer that is not on their list

of possible answers, which only includes answers like:

‘‘The function of female orgasm is to preferentially mate

with high-quality males,’’ or ‘‘The function of female

orgasm is to aid the pair bond,’’ etc.

So, the problem is not simply that the methodological

adaptationists are asking the wrong questions, but rather,

they are ignoring a possible way to handle the question

they are asking, namely, how to view the possible answer

that, ‘‘This trait does not have a function.’’ At that point,

the adaptationist could move on to a different, more pro-

ductive, question, such as, ‘‘What other evolutionary fac-

tors may play a role in the form and structure of this trait?’’

But they do not.

To illustrate the danger of methodological adaptationism

in this particular case: several prominent adaptationists

repeatedly complain that under the byproduct/bonus

hypothesis, female orgasm would fade away and deterio-

rate over evolutionary time, and would tend to disappear

from the population. This notion has been advanced not

only by leading scientists such as John Alcock, Paul

Sherman, and Barash, but also by outstanding primatologist

and human evolutionist Sarah Blaffer Hrdy, and it is based

on a misunderstanding of both how the byproduct/bonus

account works, and about the evolutionary factors frame-

work itself (Alcock 1998; Sherman 1989; Smith (Hrdy)

2005). These misunderstandings are likely a consequence

of their adaptationist bias that a particular trait will only be

sustained in a population if it itself is under sustained

selective pressure. But under the bonus/byproduct account,

the basic muscle, nerve, and tissue pathways involved in

female orgasm would be maintained in the female over the

generations in virtue of the fact that they are under ongoing

strong stabilizing selection in the male; male nipples are

maintained in the same fashion. Thus, methodological

adaptationist explanatory biases involving the necessity of

selection have led to fundamental mischaracterizations of

the byproduct/bonus hypothesis by these researchers.

Another example shows that, when discussing alterna-

tives to adaptations, methodological adaptationists have

been prone to make further scientific errors concerning

what the byproduct/bonus account says and assumes. These

biologists reason that if a trait is not adaptive, it cannot be

part of an evolutionary account at all.

On leading animal behaviorist John Alcock’s analysis,

the byproduct/bonus hypothesis is a null result, and offers

only a ‘‘proximate’’ explanation of how women come to

have orgasms. This is quite implausible, so I will go into

some detail here. Alcock emphasizes the difference

between ‘‘proximate’’ explanations, i.e., the immediate

developmental or physiological origins in an individual,

and ‘‘ultimate’’ explanations, which concern the adaptive

or reproductive value of the traits (1998, p. 328). Alcock

accuses Gould, who defended the byproduct/bonus account

of orgasm in 1987, of pursuing the following strategy:

‘‘Because the adaptationist is interested in evolutionary or

ultimate explanations, he or she would be out of business if

it could be shown that a proximate explanation of a trait

makes it unnecessary to explain why selection resulted in

the spread of the mechanisms underlying the trait’’ (Alcock

1998, p. 328; emphasis added). (Note that in this sentence,

only selection is appealed to in giving evolutionary

explanations, and not any other evolutionary forces.)

Alcock then characterizes the byproduct/bonus account of

female orgasm as a proximate explanation; in other words,

it explains how female babies grow up to have orgasms as

adult women, but does not offer an evolutionary account.

Alcock accuses Gould of attempting ‘‘to obscure the

complementarity of proximate and ultimate causation,’’ in

telling us ‘‘that this proximate explanation for female

orgasm [the bonus/byproduct explanation] eliminates the

need for adaptationist hypotheses’’ (1998, p. 329).

Alcock writes further:

Proximate explanations of a biological characteristic

do not make it impossible to ask whether the trait of

interest contributed to individual reproductive suc-

cess in the past or does so currently. If we were to

discover the female orgasm occurred with positive

effects on female reproductive success, we would

gain an evolutionary dimension to our understanding
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of this trait that is not covered by any proximate

explanation. (Alcock 1998, p. 330; emphasis mine,

emphasis his)

Proximate explanations, as such, contrast with not only

direct selection but also indirect selection explanations,

because they are said to not be evolutionary. And this is

clearly a result of the fact that the only answer to Alcock’s

adaptation question (‘‘…orgasm occurred with positive

effects…’’) had to do with describing a function for female

orgasm.24 With no reproductive function, the orgasm is

seen as having no place in an evolutionary account at all.

No room is allowed for an alternate, nonadaptive evolu-

tionary explanation of female orgasm. This is a conse-

quence of the logic of Alcock’s methodological

adaptationist research question.

Here we can also look to David Barash, the author of the

most widely selling textbook on sociobiology for a couple

of decades, and a grandfather of the field of human evo-

lution, who writes, with his wife, in a sympathetic dis-

cussion regarding the impetus behind those favoring the

byproduct/bonus theory, that it involves

… a scientifically legitimate desire to explore all

possible explanations for any biological enigma of

this sort, including the ‘‘null hypothesis’’ that it might

not be a direct product of evolution after all. (2009,

p. 133; my emphasis)

Note the equivalence of evolution with selection in this

statement; the bonus/byproduct explanation is mistakenly

not considered evolutionary, just as we saw before with

Alcock and Sherman. This is again the result of the logic of

the research question, through methodological adaptation-

ism. The total identification of evolution itself with natural

selection [only] was also made by David Buss and co-

authors in their 1998 piece defining ‘‘exaptation’’ for

psychologists, a particularly unfortunate place for the error

(Buss et al. 1998, pp. 534–535; Lloyd and Gould

[2002]2014).

For these authors, unless we are allowed to assume there

is an adaptation, then we cannot tell whether we can

explain it in an evolutionary way. This happens partly

because of the atomism that allows the inference that we

must assume a trait is an adaptation in order to discuss it in

evolutionary biology. Methodological adaptationists have a

tendency to see the biological domain as the domain of

adaptive explanations; otherwise, they assume we cannot

talk about a trait in evolutionary biology (e.g., Alcock

1987, 1998). The rest of evolutionary biology that we have

been discussing in the evolutionary factors methodology is

invisible, under this account; it is disappeared. The

methodological adaptationists’ methodology was supposed

to be benign, it was not supposed to be a risky endeavor

with radical theoretical commitments, although that is

where it seems to have ended up.

The Logic of Research Questions

Andrews et al. characterized Gould and Lewontin’s com-

plaints about adaptationism as the complaint that adapta-

tionists ‘‘often use inappropriate evidentiary standards for

identifying adaptations and their functions, and that they

often fail to consider alternative hypotheses to adaptation’’

(2002a, p. 489). As quoted above, Andrews et al. also

thought that others, such as Gould, may be guilty of giving

nonadaptive explanations without sufficient evidentiary

standards, accusing them of ‘‘Just-so Storytelling’’ a la

Gould and Lewontin (1979).

In this article, I have been emphasizing the initial pat-

terns of inference and explanation, of exploration and

investigation, rather than the final ‘‘evidentiary standards,’’

that are emphasized and discussed in the Andrews et al.,

Mayr (1983), Reeve and Sherman (1993), and Buss et al.

(1998) papers, and in Gould and Lewontin’s (1979) paper.

My focus is much more on the investigative standards, and

less on the evidential standards. My point is that if you use

the methodological adaptationist research question, the

evidentiary standards of the byproduct/bonus view, accu-

rately portrayed, never come up, since they are buried

under the assumptions regarding the null hypothesis and

other myths. The just-so story objection is exactly about

the standards of evidence, but I have identified the deeper

danger earlier, which is in the logic of the research ques-

tions asked, particularly in the consequences of the

methodological adaptationist framework. So the claim by

Andrews et al. (2002a) that the center point of disagree-

ment between the adaptationists and Gould and Lewontin

concerns the standard of evidence makes sense, consider-

ing their focus on the just-so stories accusation, but it

distracts us from the more central issues concerning the

research questions themselves, and the research programs’

reckoning with the full array of possible evolutionary

answers.

I would like to close by again emphasizing that I am not

in any way against adaptive explanations themselves. But I

have highlighted some risks of a particular very popular

approach to research into evolutionary causes. These dan-

gers become obvious when we examine the logic of the

research questions and their relevant answers, within the

methodological adaptationist approach and the contrasting

evolutionary factors framework. When a research method

makes any particular types of hypotheses especially

24 See Mitchell (2002) for an excellent critique of Sherman’s similar

‘‘levels of analysis’’ approach to evolutionary explanations. Ian

Jamieson rejected the ‘‘levels’’ approach (1989, p. 696).
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difficult to entertain or accept, it deserves serious scrutiny.

Keeping the logic of the research questions in mind when

dealing with the scientific errors committed by adapta-

tionists allows us to analyze and explain them straightfor-

wardly. The presence of researchers like Symons who

engaged in their research using the more inclusive evolu-

tionary factors methodology exemplify a living available

alternative method. Evolutionists say that they have

learned their lessons about an inclusive approach to evo-

lutionary explanation from Gould and Lewontin’s 1979

‘‘Spandrels’’ article, but methodological adaptationism

seems to make it very difficult for them to act on those

lessons.
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Abstract

A recent slew of ENCyclopedia Of DNA Elements (ENCODE) Consortium publications, specifically the article signed by all Consortium

members, put forward the idea that more than 80% of the human genome is functional. This claim flies in the face of current

estimates according to which the fraction of the genome that is evolutionarily conserved through purifying selection is less than10%.

Thus, according to the ENCODE Consortium, a biological function can be maintained indefinitely without selection, which implies

that at least 80� 10¼70% of the genome is perfectly invulnerable to deleterious mutations, either because no mutation can ever

occur in these “functional” regions or because no mutation in these regions can ever be deleterious. This absurd conclusion was

reached through various means, chiefly by employing the seldom used “causal role” definition of biological function and then

applying it inconsistently todifferentbiochemicalproperties,bycommittinga logical fallacyknownas“affirmingtheconsequent,” by

failing to appreciate the crucial difference between “junk DNA” and “garbage DNA,” by using analytical methods that yield biased

errorsand inflateestimatesof functionality,by favoringstatistical sensitivityover specificity, andbyemphasizingstatistical significance

rather than the magnitude of the effect. Here, we detail the many logical and methodological transgressions involved in assigning

functionality to almost every nucleotide in the human genome. The ENCODE results were predicted by one of its authors to neces-

sitate the rewriting of textbooks. We agree,many textbooks dealing with marketing, mass-media hype, and public relations may well

have to be rewritten.

Key words: junk DNA, genome functionality, selection, ENCODE project.

“Data is not information, information is not knowledge,

knowledge is not wisdom, wisdom is not truth,”
—Robert Royar (1994) paraphrasing Frank

Zappa’s (1979) anadiplosis

“I would be quite proud to have served on the

committee that designed the E. coli genome. There is,

however, no way that I would admit to serving on a

committee that designed the human genome. Not even

a university committee could botch something that

badly.”
—David Penny (personal communication)

“The onion test is a simple reality check for anyone who

thinks they can assign a function to every nucleotide in

the human genome.

Whatever your proposed functions are, ask yourself this

question: Why does an onion need a genome that is

about five times larger than ours?”
—T. Ryan Gregory (personal communication)

Early releases of the ENCyclopedia Of DNA Elements

(ENCODE) were mainly aimed at providing a “parts list” for

the human genome (ENCODE Project Consortium 2004). The

latest batch of ENCODE Consortium publications, specifically

the article signed by all Consortium members (ENCODE

Project Consortium 2012), has much more ambitious interpre-

tative aims (and a much better orchestrated public relations

campaign). The ENCODE Consortium aims to convince its

readers that almost every nucleotide in the human genome

GBE
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has a function and that these functions can be maintained

indefinitely without selection. ENCODE accomplishes these

aims mainly by playing fast and loose with the term “func-

tion,” by divorcing genomic analysis from its evolutionary con-

text and ignoring a century of population genetics theory, and

by employing methods that consistently overestimate func-

tionality, while at the same time being very careful that

these estimates do not reach 100%. More generally, the

ENCODE Consortium has fallen trap to the genomic equiva-

lent of the human propensity to see meaningful patterns in

random data—known as apophenia (Brugger 2001; Fyfe et al.

2008)—that have brought us other “codes” in the past

(Witztum 1994; Schinner 2007).

Three papers have already commented critically on aspects

of the ENCODE inferences (Eddy 2012; Niu and Jiang 2013;

Bray and Pachter 2013), but without addressing the issues

exclusively from an evolutionary genomics perspective. In

the following, we shall dissect several logical, methodological,

and statistical improprieties involved in assigning functionality

to almost every nucleotide in the genome. We shall only deal

with a single article (ENCODE Project Consortium 2012) out of

more than 30 that have been published since the 6 September

2012 release. We shall also refer to three commentaries, one

written by a scientist and two written by Science journalists

(Ecker 2012; Pennisi 2012a, 2012b), all trumpeting the death

of “junk DNA.”

“Selected Effect” and “Causal Role”
Functions

The ENCODE Project Consortium assigns function to 80.4%

of the genome (ENCODE Project Consortium 2012). We dis-

agree with this estimate. However, before challenging this

estimate, it is necessary to discuss the meaning of “function”
and “functionality.” Like many words in the English language,

these terms have numerous meanings. What meaning, then,

should we use? In biology, there are two main concepts of

function: the “selected effect” and “causal role” concepts of

function. The “selected effect” concept is historical and evo-

lutionary (Millikan 1989; Neander 1991). Accordingly, for a

trait, T, to have a proper biological function, F, it is necessary

and (almost) sufficient that the following two conditions hold:

1) T originated as a “reproduction” (a copy or a copy of a

copy) of some prior trait that performed F (or some function

similar to F) in the past, and 2) T exists because of F (Millikan

1989). In other words, the “selected effect” function of a trait

is the effect for which it was selected, or by which it is main-

tained. In contrast, the “causal role” concept is ahistorical and

nonevolutionary (Cummins 1975; Amundson and Lauder

1994). That is, for a trait, Q, to have a “causal role” function,

G, it is necessary and sufficient that Q performs G. For clarity,

let us use the following illustration (Griffiths 2009). There are

two almost identical sequences in the genome. The first, TATA

AA, has been maintained by natural selection to bind a

transcription factor; hence, its selected effect function is to

bind this transcription factor. A second sequence has arisen

by mutation and, purely by chance, it resembles the first se-

quence; therefore, it also binds the transcription factor.

However, transcription factor binding to the second sequence

does not result in transcription, that is, it has no adaptive or

maladaptive consequence. Thus, the second sequence has no

selected effect function, but its causal role function is to bind a

transcription factor.

The causal role concept of function can lead to bizarre

outcomes in the biological sciences. For example, while the

selected effect function of the heart can be stated unambig-

uously to be the pumping of blood, the heart may be assigned

many additional causal role functions, such as adding 300 g to

body weight, producing sounds, and preventing the pericar-

dium from deflating onto itself. As a result, most biologists use

the selected effect concept of function, following the

Dobzhanskyan dictum according to which biological sense

can only be derived from evolutionary context. We note

that the causal role concept may sometimes be useful;

mostly as an ad hoc device for traits whose evolutionary his-

tory and underlying biology are obscure. This is obviously not

the case with DNA sequences.

The main advantage of the selected-effect function defini-

tion is that it suggests a clear and conservative method of

inference for function in DNA sequences; only sequences

that can be shown to be under selection can be claimed

with any degree of confidence to be functional. The selected

effect definition of function has led to the discovery of many

new functions, for example, microRNAs (Lee et al. 1993), and

to the rejection of putative functions, for example, numts

(Hazkani-Covo et al. 2010).

From an evolutionary viewpoint, a function can be assigned

to a DNA sequence if and only if it is possible to destroy it. All

functional entities in the universe can be rendered nonfunc-

tional by the ravages of time, entropy, mutation, and what

have you. Unless a genomic functionality is actively protected

by selection, it will accumulate deleterious mutations and will

cease to be functional. The absurd alternative, which unfor-

tunately was adopted by ENCODE, is to assume that no

deleterious mutations can ever occur in the regions they

have deemed to be functional. Such an assumption is akin

to claiming that a television set left on and unattended will

still be in working condition after a million years because no

natural events, such as rust, erosion, static electricity, and

earthquakes can affect it. The convoluted rationale for the

decision to discard evolutionary conservation and constraint

as the arbiters of functionality put forward by a lead ENCODE

author (Stamatoyannopoulos 2012) is groundless and

self-serving.

Of course, it is not always easy to detect selection.

Functional sequences may be under selection regimes that

are difficult to detect, such as positive selection or weak

(statistically undetectable) purifying selection, or they may be
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recently evolved species-specific elements. We recognize

these difficulties, but it would be ridiculous to assume that

70+% of the human genome consists of elements under

undetectable selection, especially given other pieces of evi-

dence, such as mutational load (Knudson 1979; Charlesworth

et al. 1993). Hence, the proportion of the human genome

that is functional is likely to be larger to some extent than

the approximately 9% for which there exists some evidence

for selection (Smith et al. 2004), but the fraction is unlikely to

be anything even approaching 80%. Finally, we would like to

emphasize that the fact that it is sometimes difficult to identify

selection should never be used as a justification to ignore se-

lection altogether in assigning functionality to parts of the

human genome.

ENCODE adopted a strong version of the causal role defi-

nition of function, according to which a functional element is

a discrete genome segment that produces a protein or an RNA

or displays a reproducible biochemical signature (e.g., protein

binding). Oddly, ENCODE not only uses the wrong concept of

functionality, it uses it wrongly and inconsistently (see below).

Using the Wrong Definition of
“Functionality” Wrongly

Estimates of functionality based on conservation are likely to

be, well, conservative. Thus, the aim of the ENCODE

Consortium to identify functions experimentally is, in principle,

a worthy one. We have already seen that ENCODE uses an

evolution-free definition of “functionality.” Let us for the sake

of argument assume that there is nothing wrong with this

practice. Do they use the concept of causal role function prop-

erly? According to ENCODE, for a DNA segment to be

ascribed functionality it needs to 1) be transcribed, 2) be asso-

ciated with a modified histone, 3) be located in an open-

chromatin area, 4) bind a transcription factor, or 5) contain

a methylated CpG dinucleotide. We note that most of these

properties of DNA do not describe a function; some describe a

particular genomic location or a feature related to nucleotide

composition. To turn these properties into causal role func-

tions, the ENCODE authors engage in a logical fallacy known

as “affirming the consequent.” The ENCODE argument goes

like this:

1. DNA segments that “function” in a particular biological
process (e.g., regulating transcription) tend to display a
certain “property” (e.g., transcription factors bind to
them).

2. A DNA segment displays the same “property.”
3. Therefore, the DNA segment is “functional.”

(More succinctly: if function, then property; thus, if property,

therefore function.) This kind of argument is false because a

DNA segment may display a property without necessarily

manifesting the putative function. For example, a random se-

quence may bind a transcription factor, but that may not

result in transcription. The ENCODE authors apply this

flawed reasoning to all their functions.

Is 80% of the Genome Functional? Or
Is It 100%? Or 40%? No Wait . . .

So far, we have seen that as far as functionality is concerned,

ENCODE used the wrong definition wrongly. We must now

address the question of consistency. Specifically, did ENCODE

use the wrong definition wrongly in a consistent manner? We

do not think so. For example, the ENCODE authors singled out

transcription as a function, as if the passage of RNA polymer-

ase through a DNA sequence is in some way more meaningful

than other functions. But, what about DNA polymerase and

DNA replication? Why make a big fuss about 74.7% of the

genome that is transcribed, and yet ignore the fact that 100%

of the genome takes part in a strikingly “reproducible bio-

chemical signature”—it replicates!

Actually, the ENCODE authors could have chosen any of a

number of arbitrary percentages as “functional,” and . . . they

did! In their scientific publications, ENCODE promoted the

idea that 80% of the human genome was functional. The

scientific commentators followed, and proclaimed that at

least 80% of the genome is “active and needed” (Kolata

2012). Subsequently, one of the lead authors of ENCODE

admitted that the press conference mislead people by claim-

ing that 80% of our genome was “essential and useful.” He

put that number at 40% (Gregory 2012), although another

lead author reduced the fraction of the genome that is de-

voted to function to merely 20% (Hall 2012). Interestingly,

even when a lead author of ENCODE reduced the functional

genomic fraction to 20%, he continued to insist that the term

“junk DNA” needs “to be totally expunged from the lexicon,”
inventing a new arithmetic according to which 20%> 80%.

In its synopsis of the year 2012, the journal Nature adopted

the more modest estimate, and summarized the findings of

ENCODE by stating that “at least 20% of the genome can

influence gene expression” (Van Noorden 2012). Science

stuck to its maximalist guns, and its summary of 2012 re-

peated the claim that the “functional portion” of the

human genome equals 80% (Anonymous 2012). Unfortu-

nately, neither 80% nor 20% are based on actual evidence.

The ENCODE Incongruity

Armed with the proper concept of function, one can derive

expectations concerning the rates and patterns of evolution of

functional and nonfunctional parts of the genome. The surest

indicator of the existence of a genomic function is that losing

it has some phenotypic consequence for the organism.

Countless natural experiments testing the functionality of

every region of the human genome through mutation have

taken place over millions of years of evolution in our ancestors

and close relatives. As most mutations in functional regions
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are likely to impair function, they will tend to be eliminated by

natural selection. Thus, functional regions of the genome

should evolve more slowly, and therefore be more conserved

among species than nonfunctional ones. The majority of com-

parative genomic studies suggest that less than 15% of the

genome is functional according to the evolutionary conserva-

tion criterion (Smith et al. 2004; Meader et al. 2010; Ponting

and Hardison 2011), with the most comprehensive study to

date suggesting a value of approximately 5% (Lindblad-Toh

et al. 2011). Ward and Kellis (2012) confirmed that

approximately 5% of the genome is interspecifically con-

served, and by using intraspecific variation, found evidence

of lineage-specific constraint suggesting that an additional

4% of the human genome is under selection (i.e., functional),

bringing the total fraction of the genome that is certain to be

functional to approximately 9%. The journal Science used this

value to proclaim “No More Junk DNA” (Hurtley 2012), thus,

in effect rounding up 9% to 100%.

In 2007, an ENCODE pilot-phase publication (ENCODE

Project Consortium 2007) estimated that 60% of the

genome is functional. The 2012 ENCODE estimate (ENCODE

Project Consortium 2012) of 80.4% represents a significant

increase over the 2007 value. Of course, neither estimate is

congruent with estimates based on evolutionary conservation.

With apologies to the late Robert Ludlum, we shall refer to the

difference between the fraction of the genome claimed by

ENCODE to be functional (>80%) and the fraction of the

genome under selection (2–15%) as the “ENCODE

Incongruity.” The ENCODE Incongruity implies that a biolog-

ical function can be maintained without selection, which in

turn implies that no deleterious mutations can occur in those

genomic sequences described by ENCODE as functional.

Curiously, Ward and Kellis, who estimated that only approx-

imately 9% of the genome is under selection (Smith et al.

2004), themselves embody this incongruity, as they are co-

authors of the principal publication of the ENCODE

Consortium (ENCODE Project Consortium 2012).

Revisiting Five ENCODE “Functions”
and the Statistical Transgressions
Committed for the Purpose of
Inflating Their Genomic Pervasiveness

According to ENCODE, 74.7% of the genome is transcribed,

56.1% is associated with modified histones, 15.2% is found

in open-chromatin areas, 8.5% binds transcription factors,

and 4.6% consists of methylated CpG dinucleotides. In the

following sections, we discuss the validity of each of these

“functions.” We decided to ignore some the ENCODE func-

tions, especially those for which the quantitative data are dif-

ficult to obtain. For example, we do not know what

proportion of the human genome is involved in chromatin

interactions. All we know is that the majority of interacting

sites (98%) are intrachromosomal, that the distance between

interacting sites ranges between 105 and 107 nucleotides, and

that the majority of interactions cannot be explained by a

commonality of function (ENCODE Project Consortium 2012).

In our evaluation of the properties deemed functional by

ENCODE, we pay special attention to the means by which the

genomic pervasiveness of functional DNA was inflated. We

identified three main statistical infractions. ENCODE used

methodologies encouraging biased errors in favor of inflating

estimates of functionality, it consistently and excessively

favored sensitivity over specificity, and it paid unwarranted

attention to statistical significance, rather than to the magni-

tude of the effect.

Transcription Does Not Equal Function

The ENCODE Project Consortium systematically catalogued

every transcribed piece of DNA as functional. In real life,

whether a transcript has a function depends on many addi-

tional factors. For example, ENCODE ignores the fact that

transcription is fundamentally a stochastic process (Raj and

van Oudenaarden 2008). Some studies even indicate that

90% of the transcripts generated by RNA polymerase II may

represent transcriptional noise (Struhl 2007). In fact, many

transcripts generated by transcriptional noise exhibit extensive

association with ribosomes and some are even translated

(Wilson and Masel 2011).

We note that ENCODE used almost exclusively pluripotent

stem cells and cancer cells, which are known as transcription-

ally permissive environments. In these cells, the components of

the Pol II enzyme complex can increase up to 1,000-fold, al-

lowing for high transcription levels from nonpromoter and

weak promoter sequences. In other words, in these cells tran-

scription of nonfunctional sequences, that is, DNA sequences

that lack a bona fide promoter, occurs at high rates (Marques

et al. 2005; Babushok et al. 2007). The use of HeLa cells is

particularly suspect, as these cells are not representative of

human cells, and have even been defined as an independent

biological species (Helacyton gartleri) (Van Valen and Maior-

ana 1991). In the following, we describe three classes of se-

quences that are known to be abundantly transcribed, but are

typically devoid of function: pseudogenes, introns, and mobile

elements.

The human genome is rife with dead copies of protein-

coding and RNA-specifying genes that have been rendered

inactive by mutation. These elements are called pseudogenes

(Karro et al. 2007). Pseudogenes come in many flavors (e.g.,

processed, duplicated, unitary) and, by definition, they are

nonfunctional. The measly handful of “pseudogenes” that

have so far been assigned a tentative function (Sassi et al.

2007; Chan et al. 2013) are, by definition, functional genes,

merely pseudogene look-alikes. Up to one-tenth of all known

pseudogenes are transcribed (Pei et al. 2012); some are even

translated in tumor cells (Kandouz et al. 2004). Pseudogene
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transcription is especially prevalent in pluripotent stem cells,

testicular, and germline cells, as well as cancer cells such as

those used by ENCODE to ascertain transcription (Babushok

et al. 2007). Comparative studies have repeatedly shown

that pseudogenes, which have been so defined because

they lack coding potential due to the presence of disruptive

mutations, evolve very rapidly and are mostly subject to no

functional constraint (Pei et al. 2012). Hence, regardless of

their transcriptional or translational status, pseudogenes are

nonfunctional!

Unfortunately, because “functional genomics” is a recog-

nized discipline within molecular biology, while “nonfunc-

tional genomics” is only practiced by a handful of “genomic

clochards” (Makalowski 2003), pseudogenes have always

been looked upon with suspicion and wished away. Gene

prediction algorithms, for instance, tend to zombify pseudo-

genes in silico by annotating many of them as functional

genes. In fact, since 2001, estimates of the number of

protein-coding genes in the human genome went down con-

siderably, while the number of pseudogenes went up.

When a human protein-coding gene is transcribed, its

primary transcript contains not only reading frames but also

introns and exonic sequences devoid of reading frames. In

fact, from the ENCODE data, one can see that only 4% of

primary mRNA sequences is devoted to the coding of proteins,

whereas the other 96% is mostly made of noncoding regions.

Because introns are transcribed, the authors of ENCODE con-

cluded that they are functional. But, are they? Some introns

do indeed evolve slightly slower than pseudogenes, although

this rate difference can be explained by a minute fraction of

intronic sites involved in splicing and other functions. There is a

long debate whether or not introns are indispensable compo-

nents of eukaryotic genome. In one study (Parenteau et al.

2008), 96 introns from 87 yeast genes were knocked out.

Only three of them (3%) seemed to have a negative effect

on growth. Thus, in the majority of cases, introns evolve neu-

trally, whereas a small fraction of introns are under selective

constraint (Ponjavic et al. 2007). Of course, we recognize that

some human introns harbor regulatory sequences (Tishkoff

et al. 2006), as well as sequences that produce small RNA

molecules (Hirose et al. 2003; Zhou et al. 2004). We note,

however, that even those few introns under selection are not

constrained over their entire length. Hare and Palumbi (2003)

compared nine introns from three mammalian species (whale,

seal, and human), and found that only about a quarter of their

nucleotides exhibit telltale signs of functional constraint. A

study of intron 2 of the human BRCA1 gene, revealed that

only 300 bp (3% of the length of the intron) is conserved

(Wardrop et al. 2005). Thus, the practice of ENCODE of sum-

ming up all the lengths of all the introns and adding them to

the pile marked “functional” is clearly excessive and

unwarranted.

The human genome is populated by a very large number of

transposable and mobile elements. Transposable elements,

such as LINEs, SINEs, retroviruses, and DNA transposons,

may, in fact, account for up to two-thirds of the human

genome (Deininger et al. 2003; Jordan et al. 2003; de

Koning et al. 2011) and for more than 31% of the transcrip-

tome (Faulkner et al. 2009). Both human and mouse had been

shown to transcribe nonautonomous retrotransposable ele-

ments called SINEs (e.g., Alu sequences) (Sinnett et al. 1992;

Shaikh et al. 1997; Li et al. 1999; Oler et al. 2012). The phe-

nomenon of SINE transcription is particularly evident in carci-

noma cell lines, in which multiple copies of Alu sequences are

detected in the transcriptome (Umylny et al. 2007). Moreover,

retrotransposons can initiate transcription on both strands

(Denoeud et al. 2007). These transcription initiation sites are

subject to almost no evolutionary constraint, casting doubt on

their “functionality.” Thus, while some transposons have

been domesticated into functionality, one cannot assign a

“universal utility for retrotransposons.” (Faulkner et al.

2009). Whether transcribed or not, the majority of transpo-

sons in the human genome are merely parasites, parasites of

parasites, and dead parasites, whose main “function” would

appear to be causing frameshifts in reading frames, disabling

RNA-specifying sequences, and simply littering the genome.

Let us now examine the manner in which ENCODE

mapped RNA transcripts onto the genome. This will allow us

to document another methodological legerdemain used by

ENCODE—the consistent and excessive favoring of sensitivity

over specificity. Because of the repetitive nature of the human

genome, it is not easy to identify the DNA region from which

an RNA is transcribed. The ENCODE authors used a probability

based alignment tool to map RNA transcripts onto DNA. Their

choice for the type I error, that is, the probability of incorrect

rejection of a true null hypothesis, was 10%. This choice is

unusual in biology, although the more common 5%, 1%, and

0.1% are equally arbitrary. How does this choice affect esti-

mates of “transcriptional functionality?” In ENCODE, the tran-

scripts are divided into those that are smaller than 200 bp, and

those that are larger than 200 bp. The small transcripts cover

only a negligible part of the genome, and in the following they

will be ignored. The total number of long RNA transcripts in

the ENCODE study is approximately 109 million. The mean

transcript length is 564 nucleotides. Thus, a total of 6 billion

nucleotides, or two times the size of the human genome, are

potentially misplaced. This value represents the maximum

error allowed by ENCODE, and the actual error is, of course,

much smaller. Unfortunately, ENCODE does not provide us

with data on the actual error, so we cannot evaluate their

claim. (Of course, nothing is straightforward with ENCODE;

there are close to 47 million transcripts shorter than 200 nu-

cleotides in the data set purportedly composed of transcripts

that are longer than 200 nucleotides.) Oddly, in another

ENCODE paper, it is indirectly suggested that the 10% type

I error may be too stringent, and lowering the threshold “may

reveal many additional repeat loci currently missed due to the

stringent quality thresholds applied to the data” (Djebali et al.
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2012), indicating that increasing the number of false positives

is a worthy pursuit in the eyes of some ENCODE researchers.

Of course, judiciously trading off specificity for sensitivity is a

standard and sound practice in statistical data analysis, how-

ever, by increasing the number of false positives, ENCODE

achieves an increase in the total number of test positives,

thereby, exaggerating the fraction of “functional” elements

within the genome.

At this point, we must ask ourselves, what is the aim of

ENCODE: Is it to identify every possible functional element at

the expense of increasing the number of elements that are

falsely identified as functional? Or is it to create a list of func-

tional elements that is as free of false positives as possible. If

the former, then sensitivity should be favored over selectivity;

if the latter then selectivity should be favored over sensitivity.

ENCODE chose to bias its results by excessively favoring sen-

sitivity over specificity. In fact, they could have saved millions

of dollars and many thousands of research hours by ignoring

selectivity altogether, and proclaiming a priori that 100% of

the genome is functional. Not one functional element would

have been missed by using this procedure.

Histone Modification Does Not Equal
Function

The DNA of eukaryotic organisms is packaged into chromatin,

whose basic repeating unit is the nucleosome. A nucleosome is

formed by wrapping 147 base pairs of DNA around an octa-

mer of four core histones, H2A, H2B, H3, and H4, which are

frequently subject to many types of posttranslational covalent

modification. Some of these modifications may alter the chro-

matin structure and/or function. A recent study looked into the

effects of 38 histone modifications on gene expression (Karlić

et al. 2010). Specifically, the study looked into how much of

the variation in gene expression can be explained by combina-

tions of three different histone modifications. There were 142

combinations of three histone modifications (out of 8,436 pos-

sible such combinations) that turned out to yield statistically

significant results. In other words, less than 2% of the histone

modifications may have something to do with function. The

ENCODE study looked into 12 histone modifications, which

can yield 220 possible combinations of three modifications.

ENCODE does not tell us how many of its histone modifica-

tions occur singly, in doublets, or triplets. However, in light of

the study by Karlić et al. (2010), it is unlikely that all of them

have functional significance.

Interestingly, ENCODE, which is otherwise quite miserly in

spelling out the exact function of its “functional” elements,

provides putative functions for each of its 12 histone modifi-

cations. For example, according to ENCODE, the putative

function of the H4K20me1 modification is “preference for

50 end of genes.” This is akin to asserting that the function

of the White House is to occupy the lot of land at the 1600

block of Pennsylvania Avenue in Washington, D.C.

Open Chromatin Does Not Equal
Function

As a part of the ENCODE project, Song et al. (2011) de-

fined “open chromatin” as genomic regions that are detected

by either DNase I or by a method called Formaldehyde-

Assisted Isolation of Regulatory Elements (FAIRE). They

found that these regions are not bound by histones, that is,

they are nucleosome depleted. They also found that

more than 80% of the transcription start sites were con-

tained within open chromatin regions. In yet another

breathtaking example of affirming the consequent, ENCODE

makes the reverse claim, and adds all open chromatin

regions to the “functional” pile, turning the mostly true state-

ment “most transcription start sites are found within open

chromatin regions” into the entirely false statement “most

open chromatin regions are functional transcription start

sites.”
Are open chromatin regions related to transcription? Only

30% of open chromatin regions shared by all cell types are

even in the neighborhood of transcription start sites, and in

cell-type-specific open chromatin, the proportion is even smal-

ler (Song et al. 2011). The ENCODE authors most probably

smelled a rat and, thus, came up with the suggestion that

open chromatin sites may be “insulators.” However, the de-

letion of two out of three such “insulators” did not eliminate

the insulator activity (Oler et al. 2012).

Transcription Factor Binding Does Not
Equal Function

The identification of transcription factor binding sites can be

accomplished through either computational, for example,

searching for motifs (Bulyk 2003; Bryne et al. 2008), or

experimental methods, for example, chromatin immu-

noprecipitation (Valouev et al. 2008). ENCODE relied

mostly on the latter method. We note, however, that tran-

scription factor binding motifs are usually very short and,

hence, transcription factor binding look-alike sequences

may arise in the genome by chance. None of these two

methods can detect such instances. Recent studies on func-

tional transcription factor binding sites have indicated, as

expected, that a major telltale of functionality is a high

degree of evolutionary conservation (Stone and Wray

2001; Vallania et al. 2009; Wang et al. 2012; Whitfield

et al. 2012). Sadly, the authors of ENCODE decided to dis-

regard evolutionary conservation as a criterion for identifying

function. Thus, their estimate of 8.5% of the human

genome being involved in transcription factor binding

must be hugely exaggerated. For starters, any random

DNA sequence of sufficient length will contain transcription

factor binding sites. What is the magnitude of the exagger-

ation? A study by Vallania et al. (2009) may be instructive in

this respect. Vallania et al. set out to identify transcription
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factor binding sites in the mouse genome by combining

computational predictions based on motifs, evolutionary

conservation among species, and experimental validation.

They concentrated on a single transcription factor, Stat3.

By scanning the whole mouse genome sequence, they

found 1,355,858 putative binding sites. By considering

only sites located up to 10 kb upstream of putative tran-

scription start sites, and by including only sites that were

conserved among mouse and at least 2 other vertebrate

species, the number was reduced to 4,339 (0.32%). From

these 4,339 sites, 14 were tested experimentally; experi-

mental validation was only obtained for 12 (86%) of

them. Assuming that Stat3 is a typical transcription fac-

tor, by extrapolation, the fraction of the genome dedi-

cated to binding transcription factors may be as low as

8.5%�0.32%�86%¼0.024% rather than the 8.5%

touted by ENCODE.

But, let us assume that there are no false positives in

the ENCODE data. Even then, their estimate of approxi-

mately 280 million nucleotides being dedicated to transcrip-

tion factor binding cannot be supported. The reason for

this statement is that ENCODE identified putative transcription

factor binding sites by using a methodology that encouraged

biased errors yielding inflated estimates of functionality.

The ENCODE database for transcription factor binding sites

is organized by institution. The mean length of the entries

from three of them, University of Chicago, SYDH (Stanford,

Yale, University of Southern California, and Harvard), and

Hudson Alpha Institute for Biotechnology, are 824, 457, and

535 nucleotides, respectively. These mean lengths, which

are highly statistically different from one another, are much

larger than the actual sizes of all known transcription

factor binding sites. So far, the majority of known transcription

factor binding sites were found to range in length from 6 to

14 nucleotides (Christy and Nathans 1989; Oliphant et al.

1989; Klemm et al. 1994; Okkema and Fire 1994; Loots and

Ovcharenko 2004; Pavesi et al. 2004), which is 1–2 orders

of magnitude smaller than the ENCODE estimate. (An excep-

tion to the 6-to-14-bp rule is the canonical p53 binding

site, which is composed of two decamer half sites that

can be separated by up to 13 bp.) If we take 10 bp as the

average length for a transcription factor binding site

(Stewart and Plotkin 2012), instead of the approximately

600 bp used by ENCODE, the 8.5% value may turn out to

be 8.5%� 10/600¼ 0.14% or lower, depending on the

proportion of false positives in their data. Interestingly, the

DNA coverage value obtained by SYDH is approximately

18%. We were unable to identify the source of the discrep-

ancy between 18% for SYDH versus the pooled value of

8.5%. The discrepancy may be either an actual error, or the

pooled analysis may have used more stringent criteria than the

SYDH institutional analysis. At present, the discrepancy must

remain one of ENCODE’s many unsolved mysteries.

DNA Methylation Does Not Equal
Function

ENCODE determined that almost all CpGs in the genome

were methylated in at least one cell type or tissue. Saxonov

et al. (2006) studied CpGs at promoter sites of known

protein-coding genes and noticed that expression is negatively

correlated with the degree of CpG methylation in promoters.

Thus, the conclusion of ENCODE was that all methylated sites

are “functional.” We note, however, that the number of

CpGs in the genome is much higher than the number of

protein-coding genes. A scan over all human chromosomes

(22 autosomes + X + Y) reveals that there are 150,281,981

CpG sites (4.8% of the genome), as opposed to merely

20,476 protein-coding genes in the latest ENSEMBL release

(Flicek et al. 2012). The average GC content of the human

genome is 41%. Thus, the randomly expected CpG frequency

is 8.4%. The actual frequency of CpG dinucleotides in the

genome is about half the expected frequency. There are

two reasons for the scantiness of CpGs in the genome. First,

methylated CpGs readily mutate to non-CpG dinucleotides.

Second, by depressing gene expression, CpG dinucleotides are

actively selected against from regions of importance in the

genome. Thus, what ENCODE should have sought are regions

devoid of CpGs rather than regions with CpGs.

According to ENCODE, 96% of all CpGs in the genome are

methylated. This observation is not an indication of function,

but rather an indication that all CpGs have the ability to be

methylated. This ability is merely a chemical property, not a

function. Finally, it is known that CpG methylation is indepen-

dent of sequence context (Meissner et al. 2008), and that the

pattern of CpG methylation in cancer cells is completely dif-

ferent from that in normal cells (Lodygin et al. 2008;

Fernandez et al. 2012), which may render the entire

ENCODE edifice on the issue of methylation entirely irrelevant.

Does the Frequency Distribution of
Primate-Specific Derived Alleles
Provide Evidence for Purifying
Selection?

In this section, we discuss the purported evidence for purifying

selection on ENCODE elements. The ENCODE authors com-

pared the frequency distribution of 205,395 derived ENCODE

single-nucleotide polymorphisms (SNPs) and 85,155 derived

non-ENCODE SNPs and found that ENCODE-annotated SNPs

exhibit “depressed derived allele frequencies consistent with

recent negative selection.” Here, we examine in detail the

purported evidence for selection. Of course, it is not possible

to enumerate all the methodological errors in this analysis;

some errors, such as disregarding the underlying phylogeny

for the 60 human genomes, and treating them as indepen-

dently derived, will not be commented upon.
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Given that the number of SNPs in the human population

exceeds 10 million, one might wonder why so few SNPs were

used in the ENCODE study. The reason lies in the choice of

“primate-specific regions” and the manner in which the data

were “cleaned.” Based on a three-step so-called EPO align-

ment (Paten, Herrero, et al. 2008; Paten et al. 2008) of 11

mammalian species, the authors identified 1.3 million

primate-specific regions that were at least 200 bp in length.

The term “primate specific” refers to the fact that these se-

quences were not found in mouse, rat, rabbit, horse, pig, and

cow. By choosing primate-specific regions only, ENCODE

effectively removed everything that is of interest functionally

(e.g., protein coding and RNA-specifying genes as well as

evolutionarily conserved regulatory regions). What was left

consisted among others of dead transposable and retrotran-

sposable elements, such as a TcMAR-Tigger DNA transposon

fossil (Smit and Riggs 1996) and a dead AluSx, both on chro-

mosome 19.

Interestingly, out of three ethnic samples that were avail-

able to the ENCODE researchers (59 Yorubans, 60 East Asians

from Beijing and Tokyo, and 60 Utah residents of Northern

and Western European ancestry), only the Yoruba sample was

used. Because polymorphic sites were defined by using all

three human samples, the removal of two samples had the

unfortunate effect of turning some polymorphic sites into

monomorphic ones. As a consequence, the ENCODE data

include 2,136 alleles each with a frequency of exactly 0. In a

miraculous feat of “next generation” science, the ENCODE

authors were able to determine the frequencies of nonexistent

alleles.

The primate-specific regions were then masked by exclud-

ing repeats, CpG islands, CG dinucleotide, and any other re-

gions not included in the EPO alignment block or in the

human genome. After the masking, the actual primate-spe-

cific segments that were left for analysis were extremely small.

Eighty-two percent of the segments were smaller than 100 bp

and the median was 15 bp. Thus, the ENCODE authors would

like us to believe that inferences based in part on approxi-

mately 85,000 alignment blocks of size 1 bp and approxi-

mately 76,000 alignment blocks of size 2 bp are reliable!

The primate-specific segments were, then, divided into seg-

ments containing ENCODE-annotated sequences and “con-

trols.” There are three interesting facts that were not

commented upon by ENCODE: 1) the ENCODE-annotated

sequences are much shorter than the controls, 2) some seg-

ments contain both ENCODE and non-ENCODE elements,

and 3) 15% of all SNPs in the ENCODE-annotated sequences,

and 17% of the SNPs in the control segments are located

within regions defined as short repeats, repetitive elements,

or nested repeat elements. Be that as it may, the ENCODE-

containing sample had on average a frequency that was lower

by 0.20% than that of the derived alleles in the control region.

Of course, with such huge sample sizes, the difference turned

out to be highly significant statistically (Kolmogorov–Smirnov

test, P¼ 4� 10�37).

Is this statistically significant difference important from a

biological point of view? First, with very large numbers of

loci, one can easily obtain statistically significant differences.

Second, the statistical tests employed by ENCODE let us be-

lieve that the possibility of linkage disequilibrium may not have

been taken into account. That is, it is not clear to us whether

the test took into account the fact that many of the allele

frequencies are not independent because the alleles occupy

loci in very close proximity to one another. Finally, the exten-

sive overlap between the two distributions (�99.958% by our

calculations) indicates that the difference between the two

distributions is likely too small to be biologically meaningful.

Can the shape of the derived allele frequency distribution

be used as a test for selection? That is, is the excess of ex-

tremely rare alleles (private alleles) necessarily indicative of se-

lection? Actually, such a distribution may also be due to

demographic effects, especially rapid population growth

(Slatkin and Hudson 1991; Williamson et al. 2005), back-

ground selection (Charlesworth et al. 1993; Kaiser and

Charlesworth 2009), or sequencing errors (Achaz 2008;

Knudsen and Miyamoto 2009; MacArthur et al. 2012).

Before claiming evidence for selection, ENCODE needs to

refute these causes.

“Junk DNA Is Dead! Long Live Junk
DNA”

If there was a single succinct take-home message of the

ENCODE consortium, it was the battle cry “Junk DNA is

Dead!” Actually, a surprisingly large number of scientists

have had their knickers in a twist over “junk DNA” ever

since the term was coined by Ohno (1972). The dislike for

the term became more evident following the “disappointing”
finding that protein-coding genes occupy only a minuscule

fraction of the human genome. The first attempt to estimate

the number of protein-coding genes in the human genome

appeared in the literature approximately 50 years ago. Vogel

(1964) used the molecular weight of the human haploid chro-

mosomes to calculate the genome size and by using the size

of a “typical” gene came up with an estimate of 6.7 million

genes per haploid chromosome set (Pertea and Salzberg

2010). Before the unveiling of the sequence of the human

genome in 2001, learned estimates of human protein-coding

gene number ranged from 50,000 to more than 140,000

(Roest Crollius et al. 2000), while estimates in GeneSweep,

an informal betting contest started at Cold Spring Harbor

Laboratory in 2000, in which scientists attempted to guess

how many protein-coding sequences it takes to make a

human (Pennisi 2003), reached values as high as 212,278

genes. The number of protein-coding genes went down con-

siderably with the publication of the two draft human ge-

nomes. In one publication, it was stated that there are
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“26,588 protein-encoding transcripts for which there was

strong corroborating evidence and an additional �12,000

computationally derived genes with mouse matches or other

weak supporting evidence” (Venter et al. 2001). In the other

publication, it was stated that there “appear to be about

30,000–40,000 protein-coding genes in the human genome”
(International Human Genome Sequencing Consortium

2001). When the “finished” euchromatic sequence of the

human genome was published, the number of protein-coding

genes went down even further to “20,000–25,000

protein-coding genes” (International Human Genome

Sequencing Consortium 2004). This “diminishing” tendency

continues to this day, with the number of protein-coding

genes in Ensembl being 21,065 and 20,848 on May 2012

and January 2013, respectively.

The paucity of protein-coding genes in the human genome

in conjunction with the fact that the “lowly” nematode Cae-

norhabditis elegans turned out to have 20,517 protein-coding

genes, resulted in a puzzling situation similar to the C-value

paradox (Thomas 1971), whereby the number of genes did

not sit well with the perceived complexity of the human or-

ganism. Thus, “junk DNA” had to go.

The ENCODE results purported to revolutionize our under-

standing of the genome by “proving” that DNA hitherto la-

beled “junk” is in fact functional. The ENCODE position

concerning the nonexistence of “junk DNA” was mainly

based on several logical misconceptions and, possibly, a

degree of linguistic prudery.

Let us first dispense with the semantic baggage of the term

“junk.” Some biologists find the term “junk DNA” “deroga-

tory” and “disrespectful” (Brosius and Gould 1992). In addi-

tion, the fact that “junk” is used euphemistically in off-color

contexts does not endear it to many biologists.

In dissecting common objections to “junk DNA,” we iden-

tified several misconceptions, chief among them 1) a lack of

knowledge of the original and correct sense of the term, 2)

the belief that evolution can always get rid of nonfunctional

DNA, and 3) the belief that “future potential” constitutes “a

function.”
First, we note that Ohno’s original definition of “junk

DNA” referred to a genomic segment on which selection

does not operate (Ohno 1972). The correct usage implies a

genomic segment that has no immediate use, but that might

occasionally acquire a useful function in the future. This sense

of the word is very similar to the colloquial meaning of “junk,”
such as when a person mentions a “garage full of junk,” in

which the implication is that the space is full of useless objects,

but that in the future some of them may be useful. Of course,

as in the case of the garage full of junk, the majority of junk

DNA will never acquire a function. This sense of the term

“junk DNA” was used by Jacob (1977) in his famous paper

“Evolution and Tinkering”: “[N]atural selection does not work

as an engineer . . . It works like a tinkerer—a tinkerer who

does not know exactly what he is going to produce but

uses whatever he finds around him whether it be pieces

of string, fragments of wood, or old cardboards . . . The

tinkerer . . . manages with odds and ends. What he ultimately

produces is generally related to no special project, and it re-

sults from a series of contingent events, of all the opportuni-

ties he had to enrich his stock with leftovers.”
Second, there exists a misconception among functional

genomicists that the evolutionary process can produce a

genome that is mostly functional. Actually, evolution can

only produce a genome devoid of “junk” if and only if the

effective population size is huge and the deleterious effects of

increasing genome size are considerable (Lynch 2007). In the

majority of known bacterial species, these two conditions are

met; selection against excess genome is extremely efficient

due to enormous effective population sizes, and the fact

that replication time and, hence, generation time are corre-

lated with genome size. In humans, there seems to be no

selection against excess genomic baggage. Our effective pop-

ulation size is pitiful and neither the time it takes to replicate

the genome nor generation time correlate with genome size.

Third, numerous researchers use teleological reasoning ac-

cording to which the function of a stretch of DNA lies in its

future potential. Such researchers (Makalowski 2003; Wen

et al. 2012) use the term “junk DNA” to denote a piece of

DNA that can never, under any evolutionary circumstance, be

useful. As any piece of DNA may become functional, many are

eager to get rid of the term “junk DNA” altogether. This type

of reasoning is false. Of course, pieces of junk DNA may be

coopted into function, but that does not mean that they pres-

ently are functional. Junk DNA may, in fact, exhibit a very

similar behavior to the regular junk in one’s garage, which is

kept for years and years, and then thrown out a day before it

may become useful (David Wool, personal communication).

To deal with the confusion in the literature, we propose to

refresh the memory of those objecting to “junk DNA” by

repeating a 15-year old terminological distinction made by

Brenner (1998), who astutely differentiated between “junk

DNA,” one the one hand, and “garbage DNA,” on the

other: “Some years ago I noticed that there are two kinds

of rubbish in the world and that most languages have differ-

ent words to distinguish them. There is the rubbish we keep,

which is junk, and the rubbish we throw away, which is gar-

bage. The excess DNA in our genomes is junk, and it is there

because it is harmless, as well as being useless, and because

the molecular processes generating extra DNA outpace those

getting rid of it. Were the extra DNA to become disadvanta-

geous, it would become subject to selection, just as junk that

takes up too much space, or is beginning to smell, is instantly

converted to garbage . . . ”.

It has been pointed to us that junk DNA, garbage DNA, and

functional DNA may not add up to 100% because some parts

of the genome may be functional but not under constraint

with respect to nucleotide composition. We tentatively call

such genomic segments “indifferent DNA.” Indifferent DNA
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refers to DNA sites that are functional, but show no evidence

of selection against point mutations. Deletion of these sites,

however, is deleterious, and is subject to purifying selection.

Examples of indifferent DNA are spacers and flanking ele-

ments whose presence is required but whose sequence is

not important. Another such case is the third position of

4-fold redundant codons, which needs to be present to

avoid a downstream frameshift.

Large genomes belonging to species with small effective

population sizes should contain considerable amounts of junk

DNA and possibly even some garbage DNA. The amount of

indifferent DNA is not known. Junk DNA and indifferent DNA

can persist in the genome for very long periods of evolutionary

time; garbage is transient. In this paper, we have not dealt in

any detail with the implications of ENCODE on genomes much

larger than our own. If ENCODE is right in its claim that junk

DNA does not exist, then it would seem sensible to assume

that organisms with much larger genomes are also devoid of

junk. Thus, taking ENCODE’s rationale to its logical conclusion,

one would have to surmise that onions, marbled lungfishes,

and certain amoebas are respectively 5, 40, and 250 times

more complex phenotypically than we are (Doolittle 2013).

We urge biologists not be afraid of junk DNA. The only

people that should be afraid are those claiming that natural

processes are insufficient to explain life and that evolutionary

theory should be supplemented or supplanted by an intelli-

gent designer (Dembski 1998; Wells 2004). ENCODE’s take-

home message that everything has a function implies purpose,

and purpose is the only thing that evolution cannot provide.

Needless to say, in light of our investigation of the ENCODE

publication, it is safe to state that the news concerning the

death of “junk DNA” has been greatly exaggerated.

“Big Science,” “Small Science,” and
ENCODE

The Editor-in-Chief of Science, Alberts (2012), has recently

expressed concern about the future of “small science,”
given that ENCODE-style Big Science grabs the headlines

that decision makers so dearly love. Actually, the main func-

tion of Big Science is to generate massive amounts of reliable

and easily accessible data. The road from data to wisdom is

quite long and convoluted (Royar 1994). Insight, understand-

ing, and scientific progress are generally achieved by “small

science.” The Human Genome Project is a marvelous example

of “big science,” as are the Sloan Digital Sky Survey (Abazajian

et al. 2009) and the Tree of Life Web Project (Maddison et al.

2007).

Did ENCODE generate massive amounts of reliable and

easily accessible data? Judging by the computer memory it

takes to store the data, ENCODE certainly delivered quantita-

tively. Unfortunately, the ENCODE data are neither easily ac-

cessible nor very useful—without ENCODE, researchers would

have had to examine 3.5 billion nucleotides in search of

function, with ENCODE, they would have to sift through 2.7

billion nucleotides. ENCODE’s biggest scientific sin was not

being satisfied with its role as data provider; it assumed the

small-science role of interpreter of the data, thereby perform-

ing a kind of textual hermeneutics on a 3.5-billion-long DNA

text. Unfortunately, ENCODE disregarded the rules of scien-

tific interpretation and adopted a position common to many

types of theological hermeneutics, whereby every letter in a

text is assumed a priori to have a meaning.

So, what have we learned from the efforts of 442 re-

searchers consuming 288 million dollars? According to Eric

Lander, a Human Genome Project luminary, ENCODE is the

“Google Maps of the human genome” (Kolata 2012). We

beg to differ, ENCODE is considerably worse than even

Apple Maps. Evolutionary conservation may be frustratingly

silent on the nature of the functions it highlights, but progress

in understanding the functional significance of DNA se-

quences can only be achieved by not ignoring evolutionary

principles.

High-throughput genomics and the centralization of

science funding have enabled Big Science to generate

“high-impact false positives” by the truckload (The PLoS

Medicine Editors 2005; Platt et al. 2010; Anonymous

2012a, 2012b; MacArthur 2012; Moyer 2012). Those in-

volved in Big Science will do well to remember the depress-

ingly true popular maxim: “If it is too good to be true, it is too

good to be true.”
We conclude that the ENCODE Consortium has, so far,

failed to provide a compelling reason to abandon the prevail-

ing understanding among evolutionary biologists according to

which most of the human genome is devoid of function. The

ENCODE results were predicted by one of its lead authors to

necessitate the rewriting of textbooks (Pennisi 2012a, 2012b).

We agree, many textbooks dealing with marketing, mass-

media hype, and public relations may well have to be

rewritten.
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Karlić R, Chung HR, Lasserre J, Vlahovicek K, Vingron M. 2010. Histone

modification levels are predictive for gene expression. Proc Natl Acad

Sci U S A. 107:2926–2931.

Karro JE, et al. 2007. Pseudogene.org: a comprehensive database and

comparison platform for pseudogene annotation. Nucleic Acids Res.

35:D55–D60.

Klemm JD, Rould MA, Aurora R, Herr W, Pabo CO. 1994. Crystal structure

of the Oct-1 POU domain bound to an octamer site: DNA recognition

with tethered DNA binding modules. Cell 77:21–32.

Knudsen B, Miyamoto MM. 2009. Accurate and fast methods to estimate

the population mutation rate from error prone sequences. BMC

Bioinformatics 10:247.

Knudson AG. 1979. Our load of mutations and its burden of disease. Am J

Hum Genet. 31:401–413.

Kolata G. 2012 Sep 5. Bits of mystery DNA, far from ‘Junk,’ play crucial

role. New York Times (Science). Available from: http://www.nytimes.

com/2012/09/06/science/far-from-junk-dna-dark-matter-proves--

crucial-to-health.html?pagewanted¼all&_r¼0.

Lee RC, Feinbaum RL, Ambros V. 1993. The C. elegans heterochronic gene

lin-4 encodes small RNAs with antisense complementarity to lin-14.

Cell 75:843–854.

Graur et al. GBE

588 Genome Biol. Evol. 5(3):578–590. doi:10.1093/gbe/evt028 Advance Access publication February 20, 2013
Downloaded from https://academic.oup.com/gbe/article-abstract/5/3/578/583411/On-the-Immortality-of-Television-Sets-Function-in
by Acquisitions Section Library University of Guelph user
on 03 October 2017

http://arxiv.org/pdf/1212.3076v1.pdf
http://arxiv.org/pdf/1212.3076v1.pdf
http://www.genomicron.evolverzone.com/2012/09/encode-spokesperson-40-not-80/
http://www.genomicron.evolverzone.com/2012/09/encode-spokesperson-40-not-80/
http://www.nytimes.com/2012/09/06/science/far-from-junk-dna-dark-matter-proves-crucial-to-health.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/09/06/science/far-from-junk-dna-dark-matter-proves-crucial-to-health.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/09/06/science/far-from-junk-dna-dark-matter-proves-crucial-to-health.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/09/06/science/far-from-junk-dna-dark-matter-proves-crucial-to-health.html?pagewanted=all&_r=0
http://www.nytimes.com/2012/09/06/science/far-from-junk-dna-dark-matter-proves-crucial-to-health.html?pagewanted=all&_r=0


Li T, Spearow J, Rubin CM, Schmid CW. 1999. Physiological stresses in-

crease mouse short interspersed element (SINE) RNA expression in

vivo. Gene 239:367–372.

Lindblad-Toh K, et al. 2011. A high-resolution map of human evolutionary

constraint using 29 mammals. Nature 478:476–482.

Lodygin D, et al. 2008. Inactivation of miR-34a by aberrant CpG methyl-

ation in multiple types of cancer. Cell Cycle 7:2591–2600.

Loots GG, Ovcharenko I. 2004. rVISTA 2.0: evolutionary analysis of tran-

scription factor binding sites. Nucleic Acids Res. 32:W217–W221.

Lynch M. 2007. The origins of genome architecture. Sunderland (MA):

Sinauer Associates.

MacArthur DG, et al. 2012. A systematic survey of loss-of-function variants

in human protein-coding genes. Science 335:823–828.

Maddison DR, Schulz K-S, Maddison WP. 2007. The tree of life web proj-

ect. Zootaxa 1668:19–40.

Makalowski W. 2003. Not junk after all. Science 300:1246–1247.

Marques AC, Dupanloup I, Vinckenbosch N, Reymond A, Kaessmann H.

2005. Emergence of young human genes after a burst of retroposition

in primates. PLoS Biol. 3:e357.

Meader S, Ponting CP, Lunter G. 2010. Massive turnover of functional

sequence in human and other mammalian genomes. Genome Res.

20:1335–1343.

Meissner A, et al. 2008. Genome-scale DNA methylation maps of plurip-

otent and differentiated cells. Nature 454:766–770.

Millikan RG. 1989. In defense of proper functions. Philos Sci. 56:288–302.

Moyer AM. 2012. Handling false positives in the genomic era. Clin Chem.

58:1605–1606.

Neander K. 1991. Functions as selected effects: the conceptual analyst’s

defense. Philos Sci. 58:168–184.

Niu D-K, Jiang L. 2013. Can ENCODE tell us how much junk DNA we carry

in our genome? Biochem Biophys Res Commun. 430:1340–1343.

Ohno S. 1972. So much “junk” DNA in our genome. Brookhaven Symp

Biol. 23:366–370.

Okkema PG, Fire A. 1994. The Caenorhabditis elegans NK-2 class homeo-

protein CEH-22 is involved in combinatorial activation of gene expres-

sion in pharyngeal muscle. Development 120:2175–2186.

Oler AJ, et al. 2012. Alu expression in human cell lines and their retro-

transpositional potential. Mobile DNA 3:11.

Oliphant AR, Brandl CJ, Struhl K. 1989. Defining the sequence specificity

of DNA-binding proteins by selecting binding sites from random-

sequence oligonucleotides: analysis of yeast GCN4 protein. Mol Cell

Biol. 9:2944–2949.

Parenteau J, et al. 2008. Deletion of many yeast introns reveals a minority

ofgenes that require splicing for function.MolBiolCell. 19:1932–1941.

Paten B, Herrero J, Beal K, Fitzgerald S, Birney E. 2008. Enredo and Pecan:

genome-wide mammalian consistency-based multiple alignment with

paralogs. Genome Res. 18:1814–1828.

Paten B, et al. 2008. Genome-wide nucleotide-level mammalian ancestor

reconstruction. Genome Res. 18:1829–1843.

Pavesi G, Mereghetti P, Mauri G, Pesole G. 2004. Weeder Web: discovery

of transcription factor binding sites in a set of sequences from

co-regulated genes. Nucleic Acids Res. 32:W199–W203.

Pei B, et al. 2012. The GENCODE pseudogene resource. Genome Biol. 13:

R51.

Pennisi E. 2003. A low number wins the GeneSweep pool. Science 300:

1484.

Pennisi E. 2012a. ENCODE project writes eulogy for junk DNA. Science

337:1159–1161.

Pennisi E. 2012b. Genomics’ big talker. Science 337:1167–1169.

Pertea M, Salzberg SL. 2010. Between a chicken and a grape: estimating

the number of human genes. Genome Biol. 11:206.
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 What is Conservation Biology?

 A new synthetic discipline addresses the dynamics and problems
 of perturbed species, communities, and ecosystems

 Michael E. Soule

 C onservation biology, a new
 stage in the application of sci-
 ence to conservation prob-

 lems, addresses the biology of species,
 communities, and ecosystems that are
 perturbed, either directly or indirect-
 ly, by human activities or other
 agents. Its goal is to provide princi-
 ples and tools for preserving biologi-
 cal diversity. In this article I describe
 conservation biology, define its fun-
 damental propositions, and note a
 few of its contributions. I also point
 out that ethical norms are a genuine
 part of conservation biology, as they
 are in all mission- or crisis-oriented
 disciplines.

 Crisis disciplines

 Conservation biology differs from
 most other biological sciences in one
 important way: it is often a crisis
 discipline. Its relation to biology, par-
 ticularly ecology, is analogous to that
 of surgery to physiology and war to
 political science. In crisis disciplines,
 one must act before knowing all the
 facts; crisis disciplines are thus a mix-
 ture of science and art, and their
 pursuit requires intuition as well as
 information. A conservation biologist
 may have to make decisions or rec-

 Michael E. Soule is an adjunct professor
 in the Wildland Management Center, Uni-
 versity of Michigan School of Natural
 Resources. He is coauthor with Otto H.
 Frankel of Conservation and Evolution,
 published by Cambridge University Press.
 Address correspondence to 4747 Black
 Mountain Road, San Diego, CA 92130.
 ? 1985 American Institute of Biological
 Sciences.

 Although crisis oriented,
 conservation biology

 is concerned with

 the long-term viability
 of whole systems

 ommendations about design and
 management before he or she is com-
 pletely comfortable with the theoreti-
 cal and empirical bases of the analysis
 (May 1984, Soule and Wilcox 1980,
 chap. 1). Tolerating uncertainty is of-
 ten necessary.

 Conservation biologists are being
 asked for advice by government agen-
 cies and private organizations on such
 problems as the ecological and health
 consequences of chemical pollution,
 the introduction of exotic species and
 artificially produced strains of exist-
 ing organisms, the sites and sizes of
 national parks, the definition of mini-
 mum conditions for viable popula-
 tions of particular target species, the
 frequencies and kinds of management
 practices in existing refuges and man-
 aged wildlands, and the ecological
 effects of development. For political
 reasons, such decisions must often be
 made in haste.

 For example, the rapidity and irre-
 versibility of logging and human re-
 settlement in Western New Guinea
 (Irian Jaya) prompted the Indonesian
 government to establish a system of
 national parks. Two of the largest
 areas recommended had never been
 visited by biologists, but it appeared

 likely that these areas harbored en-
 demic biotas.1 Reconnaissance later
 confirmed this. The park boundaries
 were established in 1981, and subse-
 quent development has already pre-
 cluded all but minor adjustments.
 Similar crises are now facing manag-
 ers of endangered habitats and species
 in the United States-for example,
 grizzly bears in the Yellowstone re-
 gion, black-footed ferrets in Wyo-
 ming, old-growth Douglas-fir forests
 in the Pacific Northwest, red-cockad-
 ed woodpeckers in the Southeast, and
 condors in California.

 Other characteristics of
 conservation biology
 As illustrated in Figure 1, conserva-
 tion biology shares certain character-
 istics with other crisis-oriented disci-
 plines. A comparison with cancer
 biology illustrates some of these char-
 acteristics, including conservation bi-
 ology's synthetic, eclectic, multidis-
 ciplinary structure. Furthermore,
 both fields take many of their ques-
 tions, techniques, and methods from
 a broad range of fields, not all biolog-
 ical. This illustration is also intended
 to show the artificiality of the dichot-
 omy between pure and applied
 disciplines.

 Finally, this figure illustrates the
 dependence of the biological sciences
 on social science disciplines. Today,
 for example, any recommendations
 about the location and size of nation-

 1Jared M. Diamond, 1985, personal communi-
 cation. University of California, Los Angeles.
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 Figure 1. Cancer biology and conservation biology are both synthetic, multidisciplinary sciences. The dashed line indicates the
 artificial nature of the borders between disciplines and between "basic" and "applied" research. See text.

 al parks should consider the impact of
 the park on indigenous peoples and
 their cultures, on the local economy,
 and on opportunity costs such as for-
 feited logging profits.

 There is much overlap between
 conservation biology and the natural
 resource fields, especially fisheries bi-
 ology, forestry, and wildlife manage-
 ment. Nevertheless, two characteris-
 tics of these fields often distinguish
 them from conservation biology. The
 first is the dominance in the resource
 fields of utilitarian, economic objec-
 tives. Even though individual wildlife
 biologists honor Aldo Leopold's land
 ethic and the intrinsic value of nature,
 most of the financial resources for
 management must go to enhancing
 commercial and recreational values
 for humans. The emphasis is on our
 natural resources.

 The second distinguishing charac-
 teristic is the nature of these re-
 sources. For the most part, they are a
 small number of particularly valuable
 target species (e.g., trees, fishes, deer,
 and waterfowl)-a tiny fraction of
 the total biota. This distinction is
 beginning to disappear, however, as
 some natural resource agencies be-
 come more "ecological" and because

 conservation biologists frequently fo-
 cus on individual endangered, critical,
 or keystone species.

 Conservation biology tends to be
 holistic, in two senses of the word.
 First, many conservation biologists,
 including many wildlife specialists,
 assume that ecological and evolution-
 ary processes must be studied at their
 own macroscopic levels and that re-
 ductionism alone cannot lead to ex-
 planations of community and ecosys-
 tem processes such as body-size
 differences among species in guilds
 (Cody and Diamond 1975), pollina-
 tor-plant coevolution (Gilbert and
 Raven 1975), succession, speciation,
 and species-area relationships. Even
 ecological reductionists, however,
 agree that the proper objective of
 conservation is the protection and
 continuity of entire communities and
 ecosystems. The holistic assumption
 of conservation biology should not be
 confused with romantic notions that
 one can grasp the functional intrica-
 cies of complex systems without con-
 ducting scientific and technological
 studies of individual components
 (Levins and Lewontin 1985, chap. 6).
 Holism is not mysticism.

 The second implication of the term

 holistic is the assumption that multi-
 disciplinary approaches will ultimate-
 ly be the most fruitful. Conservation
 biology is certainly holistic in this
 sense. Modern biogeographic analysis
 is now being integrated into the con-
 servation movement (Diamond 1975,
 Simberloff and Abele 1976, Terborgh
 1974, Wilcox 1980). Population ge-
 netics, too, is now being applied to
 the technology of wildlife manage-
 ment (Frankel 1974, Frankel and Soule
 1981, Schonewald-Cox et al. 1983,
 Soule and Wilcox 1980). Multidis-
 ciplinary research, involving govern-
 ment agencies and wildlife biologists, is
 also evident in recent efforts to illumi-
 nate the question of viable population
 size (Salwasser et al. 1984).

 Another distinguishing characteris-
 tic of conservation biology is its time
 scale. Generally, its practitioners at-
 tach less weight to aesthetics, maxi-
 mum yields, and profitability, and
 more to the long-range viability of
 whole systems and species, including
 their evolutionary potential. Long-
 term viability of natural communities
 usually implies the persistence of di-
 versity, with little or no help from
 humans. But for the foreseeable fu-
 ture, such a passive role for managers
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 is unrealistic, and virtually all conser-
 vation programs will need to be but-
 tressed artificially. For example, even
 the largest nature reserves and nation-
 al parks are affected by anthropogen-
 ic factors in the surrounding area
 (Janzen 1983, Kushlan 1979), and
 such refuges are usually too small to
 contain viable populations of large
 carnivores (Frankel and Soule, 1981,
 Shaffer and Samson 1985). In addi-
 tion, poaching, habitat fragmenta-
 tion, and the influx of feral animals
 and exotic plants require extraordi-
 nary practices such as culling, eradi-
 cation, wildlife immunization, habitat
 protection, and artificial transfers.
 Until benign neglect is again a possi-
 bility, conservation biology can com-
 plement natural resource fields in
 providing some of the theoretical and
 empirical foundations for coping with
 such management conundrums.

 Postulates of conservation
 biology

 Conservation biology, like many of
 its parent sciences, is very young.
 Therefore, it is not surprising that its
 assumptions about the structure and
 function of natural systems, and
 about the role of humans in nature,
 have not been systematized. What are
 these postulates? I propose two sets: a
 functional, or mechanistic, set and an
 ethical, or normative, set.

 The functional postulates. These are
 working propositions based partly on
 evidence, partly on theory, and partly
 on intuition. In essence, they are a set
 of fundamental axioms, derived from
 ecology, biogeography, and popula-
 tion genetics, about the maintenance
 of both the form and function of
 natural biological systems. They sug-
 gest the rules for action. A necessary
 goal of conservation biology is the
 elaboration and refinement of such

 principles.
 The first, the evolutionary postu-

 late states: Many of the species that
 constitute natural communities are

 the products of coevolutionary pro-
 cesses. In most communities, species
 are a significant part of one another's
 environment. Therefore, their geneti-
 cally based physiological and behav-
 ioral repertoires have been naturally
 selected to accommodate the exis-
 tence and reactions of a particular

 biota. For example, the responses of
 prey to a predator's appearance or of
 a phytophagous insect to potential
 host plants are continually "tuned"
 by natural selection.

 This postulate merely asserts that
 the structure, function, and stability
 of coevolved, natural communities
 differ significantly from those of un-
 natural or synthetic communities. It
 does not necessarily rely on determin-
 istic factors like density-dependent
 population dynamics or the molding
 by competition of morphological re-
 lationships in communities over both
 ecological and evolutionary time. In
 addition, this postulate is neutral on
 the issue of holistic versus reduction-
 istic analysis of community structure.
 (In practice, a reductionistic method-
 ology, including autecological re-
 search, may be the best way to estab-
 lish the holistic structure of
 communities.)

 There are many "corollaries" of
 this postulate. Strictly speaking, most
 of them are empirically based general-
 izations. The following all assume the
 existence of community processes as
 well as a coevolutionary component
 in community structure.

 Species are interdependent. Not
 only have species in communities
 evolved unique ways of avoiding
 predators, locating food, and captur-
 ing and handling prey, but mutualis-
 tic relationships are frequent (Janzen
 1975, Seifert and Seifert 1979). This
 is not to say that every species is
 essential for community function, but
 that there is always uncertainty about
 the interactions of species and about
 the biological consequences of an ex-
 tinction. Partly for this reason, Aldo
 Leopold (1953) admonished conser-
 vationists to save all of the parts
 (species) of a community.

 Many species are highly special-
 ized. Perhaps the majority of animal
 species, including phytophagous in-
 sects, parasites, and parasitoids, de-
 pend on a particular host (Price
 1980). This means that the coattails
 of endangered host species can be
 very long, taking with them dozens
 (Raven 1976) or hundreds (Erwin
 1983) of small consumer species
 when they go.

 Extinctions of keystone species can
 have long-range consequences. The
 extinction of major predators, large
 herbivores, or plants that are impor-

 tant as breeding or feeding sites for
 animals may initiate sequences of
 causally linked events that ultimately
 lead to further extinctions (Frankel
 and Soule 1981, Gilbert 1980, Ter-
 borgh and Winter 1980).

 Introductions of generalists may re-
 duce diversity. The introduction of
 exotic plant and animal species may
 reduce diversity, especially if they are
 large or generalist species (Diamond
 1984, Elton 1958). Apparently, the
 larger the land mass, the less the
 impact of exotics (e.g., Simberloff
 1980).

 The evolutionary postulate and its
 corollaries formalize the evidence that
 natural communities comprise species
 whose genetic makeups have been
 mutually affected by their coexistence
 (Futuyma and Slatkin 1983, Gilbert
 and Raven 1975). An alternative the-
 ory, the null hypothesis that commu-
 nities are randomly assembled, is usu-
 ally restricted to "horizontal"
 subcommunities such as guilds, spe-
 cific taxa, or trophic levels (e.g.,
 James and Boecklen 1984). In gener-
 al, this latter thesis lacks empirical
 support, except that competitive
 structuring within guilds or trophic
 levels is often absent or difficult to
 demonstrate (Strong et al. 1984), and
 that harsh environments or the vaga-
 ries of dispersal may often be more
 important than biological interac-
 tions in determining local community
 composition (e.g., Underwood and
 Denley 1984).

 The second functional postulate
 concerns the scale of ecological pro-
 cesses: Many, if not all, ecological
 processes have thresholds below and
 above which they become discontinu-
 ous, chaotic, or suspended. This pos-
 tulate states that many ecological pro-
 cesses and patterns (including
 succession, nutrient cycling, and den-
 sity-dependent phenomena) are inter-
 rupted or fail altogether where the
 system is too small. Smallness and
 randomness are inseparable.

 Nonecological processes may also
 dominate at the other end of the
 spatial and temporal scale, in very
 large or very old systems. In very
 large systems, such as continents, cli-
 matic and physiographic phenomena
 often determine the major patterns of
 the landscape, including species dis-
 tribution. In very old systems, eco-
 logical processes give way to geologi-
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 cal and historical ones or to
 infrequent catastrophic events, such
 as inundation, volcanism, and glacia-
 tion. In other words, ecological pro-
 cesses belong to an intermediate scale
 of physical size and time (MacArthur
 1972), and these processes begin to
 fail or are overwhelmed near the ex-
 tremities of these ranges.

 Two major assumptions, or gener-
 alizations, underlie this postulate.
 First, the temporal continuity of habi-
 tats and successional stages depends
 on size. The random disappearance of
 resources or habitats will occur fre-
 quently in small sites but rarely, if
 ever, in large ones. The reasons in-
 clude the inherent randomness of
 such processes as patch dynamics,
 larval settlement, or catastrophic
 events, as well as the dynamics of
 contagious phenomena such as dis-
 ease, windstorm destruction, and fire.
 The larger an area, the less likely that
 all patches of a particular habitat will
 disappear simultaneously. Species
 will disappear if their habitats
 disappear.

 Second, outbursts reduce diversity.
 If population densities of ecologically
 dominant species rise above sustain-
 able levels, they can destroy local prey
 populations and other species sharing
 a resource with such species. Out-
 bursts are most probable in small sites
 that lack a full array of population
 buffering mechanisms, including hab-
 itat sinks for dispersing individuals,
 sufficient predators, and alternative
 feeding grounds during inclement
 weather. The unusually high popula-
 tion densities that often occur in na-
 ture reserves can also increase the rate
 of disease transmission, frequently
 leading to epidemics that may affect
 every individual.

 Taken together, the corollaries of
 this postulate lead to the conclusion
 that survival rates of species in re-
 serves are proportional to reserve
 size. Even though there is now a
 consensus that several small sites can
 contain as many species as one large
 site (when barriers to dispersal are
 absent), the species extinction rate is
 generally higher in small sites (Soule
 and Simberloff, in press).

 The third functional postulate con-
 cerns the scale of population phenom-
 ena: Genetic and demographic pro-
 cesses have thresholds below which

 nonadaptive, random forces begin to

 prevail over adaptive, deterministic
 forces within populations. The sto-
 chastic factors in population extinc-
 tion have been discussed extensively
 (Shaffer 1981, Soule 1983, Terborgh
 1974) in the context of the minimum
 conditions for population viability.
 The main implication of this postu-
 late for conservation is that the prob-
 ability of survival of a local popula-
 tion is a positive function of its size.
 One of the corollaries of this postu-
 late is that below a certain population
 size (between 10 and 30), the proba-
 bility of extinction from random de-
 mographic events increases steeply
 (Shaffer 1981).

 The next three corollaries are ge-
 netic. First, populations of outbreed-
 ing organisms will suffer a chronic
 loss of fitness from inbreeding depres-
 sion at effective population sizes of
 less than 50 to 100 (Franklin 1980,
 Soule 1980). Second, genetic drift in
 small populations (less than a few
 hundred individuals) will cause a pro-
 gressive loss of genetic variation; in
 turn, such genetic erosion will reduce
 immediate fitness because multilocus
 heterozygosity is generally advanta-
 geous in outbreeding species (Beard-
 more 1983, Soule 1980, and refer-
 ences cited below). (The genetic bases
 of these two corollaries may be the
 same: homozygosity for deleterious,
 recessive alleles.) Finally, natural se-
 lection will be less effective in small
 populations because of genetic drift
 and the loss of potentially adaptive
 genetic variation (Franklin 1980).

 The fourth functional postulate is
 that nature reserves are inherently
 disequilibrial for large, rare orga-
 nisms. There are two reasons for this.
 First, extinctions are inevitable in
 habitat islands the size of nature re-
 serves (MacArthur and Wilson
 1967); species diversity must be artifi-
 cially maintained for many taxa be-
 cause natural colonization (reestab-
 lishment) from outside sources is
 highly unlikely. Second, speciation,
 the only other nonartificial means of
 replacing species, will not operate for
 rare or large organisms in nature re-
 serves because reserves are nearly al-
 ways too small to keep large or rare
 organisms isolated within them for
 long periods, and populations isolat-
 ed in different reserves will have to be
 maintained by artificial gene flow if
 they are to persist. Such gene flow

 would preclude genetic differentiation
 among the colonies (Soule 1980).

 The normative postulates. The nor-
 mative postulates are value state-
 ments that make up the basis of an
 ethic of appropriate attitudes toward
 other forms of life-an ecosophy
 (Naess 1973). They provide stan-
 dards by which our actions can be
 measured. They are shared, I believe,
 by most conservationists and many
 biologists, although ideological purity
 is not my reason for proposing them.

 Diversity of organisms is good.
 Such a statement cannot be tested or
 proven. The mechanisms by which
 such value judgments arise in con-
 sciousness are unknown. The concep-
 tual mind may accept or reject the
 idea as somehow valid or appropri-
 ate. If accepted, the idea becomes part
 of an individual's philosophy.

 We could speculate about the sub-
 conscious roots of the norm, "diversi-
 ty is good." In general, humans enjoy
 variety. We can never know with cer-
 tainty whether this is based on avoid-
 ing tedium and boredom or some-
 thing else, but it may be as close to a
 universal norm as we can come. This
 is probably one of the reasons for the
 great popularity of zoos and national
 parks, which in recent years have had,
 respectively, over 100 million and
 200 million visitors annually in the
 United States. Perhaps there is a ge-
 netic basis in humans for the appeal
 of biotic diversity (Orians 1980, Wil-
 son 1984). After all, humans have
 been hunter-gatherers, depending on
 a wide array of habitats and re-
 sources, for virtually all of the past
 several million years.

 A corollary of this postulate is that
 the untimely extinction of popula-
 tions and species is bad. Conservation
 biology does not abhor extinction per
 se. Natural extinction is thought to be
 either value free or good because it is
 part of the process of replacing less
 well-adapted gene pools with better
 adapted ones. Ultimately, natural ex-
 tinction, unless it is catastrophic, does
 not reduce biological diversity, for it
 is offset by speciation. Natural extinc-
 tions, however, are rare events on a
 human time scale. Of the hundreds of
 vertebrate extinctions that have oc-
 curred during the last few centuries,
 few, if any, have been natural (Dia-
 mond 1984, Frankel and Soule 1981),
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 whereas the rate of anthropogenic
 extinctions appears to be growing
 exponentially.

 It may seem logical to extend the
 aversion of anthropogenic extinction
 of populations to the suffering and
 untimely deaths of individuals be-
 cause populations are composed of
 individuals. I do not believe this step
 is necessary or desirable for conserva-
 tion biology. Although disease and
 suffering in animals are unpleasant
 and, perhaps, regrettable, biologists
 recognize that conservation is en-
 gaged in the protection of the integri-
 ty and continuity of natural process-
 es, not the welfare of individuals. At
 the population level, the important
 processes are ultimately genetic and
 evolutionary because these maintain
 the potential for continued existence.
 Evolution, as it occurs in nature,
 could not proceed without the suffer-
 ing inseparable from hunger, disease,
 and predation.

 For this reason, biologists often
 overcome their emotional identifica-
 tion with individual victims. For ex-
 ample, the biologist sees the aban-
 doned fledgling or the wounded
 rabbit as part of the process of natu-
 ral selection and is not deceived that
 "rescuing" sick, abandoned, or
 maimed individuals is serving the spe-
 cies or the cause of conservation. (Sal-
 vaging a debilitated individual from a
 very small population would be an
 exception, assuming it might eventu-
 ally contribute to the gene pool.)
 Therefore, the ethical imperative to
 conserve species diversity is distinct
 from any societal norms about the
 value or the welfare of individual
 animals or plants. This does not in
 any way detract from ethical systems
 that provide behavioral guidance for
 humans on appropriate relationships
 with individuals from other species,
 especially when the callous behavior
 of humans causes animals to suffer
 unnecessarily. Conservation and ani-
 mal welfare, however, are conceptu-
 ally distinct, and they should remain
 politically separate.

 Returning to the population issue,
 we might ask if all populations of a
 given species have equal value. I think
 not. The value of a population, I
 believe, depends on its genetic
 uniqueness, its ecological position,
 and the number of extant popula-
 tions. A large, genetically polymor-

 phic population containing unique al-
 leles or genetic combinations has
 greater value, for example, than a
 small, genetically depauperate popu-
 lation of the same species. Also, the
 fewer the populations that remain,
 the greater the probability of the si-
 multaneous extinction (random or
 not) of all populations, and thus of
 the species. Hence, how precious a
 population is is a function of how
 many such populations exist.

 Ecological complexity is good. This
 postulate parallels the first one, but
 assumes the value of habitat diversity
 and complex ecological processes. Ar-
 riving at this judgment may require
 considerable sophistication, training,
 and thought. Someone familiar with
 descriptive plant and animal biogeog-
 raphy, trophic levels, nutrient cycling,
 edaphic heterogeneity, and other as-
 pects of ecological classification is in
 a better position to fully appreciate
 the complexity in a tidepool or forest.

 Like the first one, this postulate
 expresses a preference for nature over
 artifice, for wilderness over gardens
 (cf. Dubos 1980). When pressed,
 however, ecologists cannot prove that
 their preference for natural diversity
 should be the standard for managing
 habitats. For example, even if it could
 be shown that a decrease in species
 diversity led to desertification, eutro-
 phication, or the piling up of organic
 material, it is still not a logical conclu-
 sion that such consequences are bad.
 For example, such events in the past
 created fossil fuels (although not ev-
 eryone would argue that this was
 good).

 Ecological diversity can be en-
 hanced artificially, but the increase in
 diversity can be more apparent than
 real (especially if cryptic taxa and
 associations are considered, such as
 soil biotas and microbial communi-
 ties). In addition, humans tend to
 sacrifice ecological and geographic
 heterogeneity for an artificially main-
 tained, energy-intensive, local species
 diversity. Take, for example, the large
 numbers of plant taxa maintained in
 the warm-temperate and subtropical
 cities of the world. Most of these
 species are horticultural varieties that
 do well in landscaped gardens and
 parks. One sees a great variety of such
 plants in Sydney, Buenos Aires, Cape
 Town, Athens, Mexico City, Miami,
 and San Diego. But the roses, citrus,

 camellias, bougainvilleas, daffodils,
 eucalyptus, and begonias are every-
 where similar.

 This combination of local variety
 and geographic homogeneity pro-
 duces several pleasant benefits for hu-
 mans. Not only are the exotic species
 more spectacular, but the world trav-
 eler can always feel botanically at
 home. In addition, many cities now
 have a greater diversity of plant fam-
 ilies and tree species than did the
 original habitat destroyed to make
 way for the city. But these aesthetic
 benefits are costly. The price is low
 geographic diversity and ecological
 complexity. Botanical gardens, zoos,
 urban parks, and aquaria satisfy, to a
 degree, my desire to be with other
 species, but not my need to see wild
 and free creatures or my craving for
 solitude or for a variety of landscapes
 and vistas.

 Evolution is good. Implicit in the
 third and fourth functional postulates
 is the assumption that the continuity
 of evolutionary potential is good. As-
 suming that life itself is good, how
 can one maintain an ethical neutrality
 about evolution? Life itself owes its
 existence and present diversity to the
 evolutionary process. Evolution is the
 machine, and life is its product. One
 possible corollary of this axiom is an
 ethical imperative to provide for the
 continuation of evolutionary process-
 es in as many undisturbed natural
 habitats as possible.

 Biotic diversity has intrinsic value,
 irrespective of its instrumental or
 utilitarian value. This normative pos-
 tulate is the most fundamental. In
 emphasizing the inherent value of
 nonhuman life, it distinguishes the
 dualistic, exploitive world view from
 a more unitary perspective: Species
 have value in themselves, a value
 neither conferred nor revocable,
 but springing from a species' long
 evolutionary heritage and potential or
 even from the mere fact of its exis-
 tence.2 A large literature exists on this
 subject (Devall and Sessions 1985;
 Ehrenfeld 1981; Passmore 1974; Rol-
 ston 1985, p. 718 this issue; Tobias

 2Hunters, loggers, and developers often express
 the same love for nature as do professional
 conservationists, but for many reasons, includ-
 ing economic ones, honorable people may be
 unable to behave according to their most cher-
 ished values, or they honestly disagree on what
 constitutes ethical behavior.
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 Figure 2. Combinations of effective population sizes and generation lengths (in years) in
 managed populations required to maintain at least 90% of the genetic variation that
 existed in the source population; the program lasts 200 years. The calculations on
 which the curves are based assume an intrinsic population growth rate of 1.0% per
 year. For curve C, the founder size is equal to the ultimate size of the managed
 population. Minimum founder sizes for most species are in the range of 15 to 30 (from
 Soule et al., in press).

 1985; and the journal Environmental
 Ethics).

 Endless scholarly debate will prob-
 ably take place about the religious,
 ethical, and scientific sources of this
 postulate and about its implications
 for policy and management. For ex-
 ample, does intrinsic value imply
 egalitarianism and equal rights
 among species? A more profitable dis-
 cussion would be about the rules to
 be used when two or more species
 have conflicting interests (Naess
 1985).

 Contributions of conservation
 biology
 Recently, rapid progress has been
 made by zoos and similar institutions
 in the technology and theory of cap-
 tive breeding of endangered species. It
 is becoming apparent that nearly
 2000 species of large mammals and

 birds will have to be maintained arti-
 ficially if they are to avoid premature
 extinction (Myers 1984, Soule et al.,
 in press). Eventual advances in tech-
 nology may enable some, if not most,
 such species to be kept in a suspend-
 ed, miniaturized state, such as frozen
 sperm, ova, and embryos. Mean-
 while, however, traditional ways to
 maintain most of the planet's mega-
 fauna must be improved.

 In recent years, the breeding of
 endangered species has undergone
 profound changes as physiologists
 and geneticists have become involved.
 Active research is sponsored by many
 zoos. At the San Diego Zoo, new
 techniques were developed for the
 determination of sex in sexually
 monomorphic bird species (Bercovitz
 et al. 1978). Other workers (e.g., Ben-
 irschke 1983) have found cytogenetic
 explanations for the poor reproduc-
 tive performance of several mammal

 species. Ryder and Wedemeyer (1982)
 pioneered retrospective genetic analy-
 sis of captive stocks with the objective
 of equalizing founder representation.
 At the National Zoo in Washington,
 DC, Ralls and Ballou (1983) have
 provided incontrovertible evidence
 for the universality of inbreeding de-
 pression in mammals [see November
 1984 BioScience 34: 606-610, 612].

 Many authors have appealed for
 larger founder sizes in groups of cap-
 tively bred animals to minimize in-
 breeding problems and the loss of
 genetic variability (Senner 1980, Tem-
 pleton and Read 1983), but specific
 guidelines have been lacking. Recent
 analyses have clarified the interrela-
 tionships between founder size and
 several other variables, including gen-
 eration length, maximum captive
 group size (carrying capacity), and
 group growth rate (Figure 2).

 Conservation biology has also con-
 tributed to the design and manage-
 ment of wildland areas. An example
 is the new field of population viability
 analysis, whose goal is to estimate the
 (effective) number of individuals
 needed to maintain a species' long-
 term genetic fitness and ensure
 against extinction from other, nonge-
 netic causes. Several relatively inde-
 pendent pathways of research in pop-
 ulation biology, community ecology,
 and biogeography are being joined in
 this effort, which I believe will con-
 tribute significantly to theoretical
 population biology. One approach is
 to integrate demographic stochasti-
 city (random variation in birth and
 death rates and sex ratio) and envi-
 ronmental variation to predict the
 probability of survival (Leigh 1981,
 Shaffer and Samson 1985). This ap-
 proach is leading to very large esti-
 mates for long-term viability.3

 Genetics is also important in viabil-
 ity analysis. At least in outbreeding
 species, it appears that relatively het-
 erozygous individuals are frequently
 more fit than relatively homozygous
 ones. Many fitness criteria have been
 studied, including growth rates, over-
 winter survival, longevity, develop-
 mental stability, metabolic efficiency,
 and scope for growth (for reviews see
 Beardmore 1983, Frankel and Soule

 3Gary Belovsky and Daniel Goodman, 1985,
 personal communications. University of Michi-
 gan and Montana State University.
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 1981, and Mitton and Grant 1984).
 Russell Lande and George Barrow-
 clough4 are proposing that popula-
 tions must reach effective sizes of
 several hundred if they are to retain
 genetic variation for quantitative
 traits. Larger numbers will be needed
 for qualitative traits, including genet-
 ic polymorphisms. The US Forest Ser-
 vice is already beginning to integrate
 viability analysis into its planning
 protocols (Salwasser et al. 1984).

 Field work in conservation biology
 is supported by several agencies and
 organizations, including the World
 Wildlife Fund, NSF, the New York
 Zoological Society, and the Smithson-
 ian Institution. These studies have
 contributed a great deal to our under-
 standing of diversity and its mainte-
 nance in the Neotropics. Field work
 by the New York Zoological Society
 in savanna ecosystems is clarifying
 the relative importance of environ-
 mental and genetic factors in primate
 behavior and ecology. This organiza-
 tion is also providing basic informa-
 tion on many of the highly endan-
 gered large animals around the world.
 Such field work is essential for the
 efficient design of nature reserves.

 Conclusions

 Conservation biology is a young field,
 but its roots antedate science itself.
 Each civilization and each human
 generation responds differently to the
 forces that weaken the biological in-
 frastructure on which society depends
 and from which it derives much of its
 spiritual, aesthetic, and intellectual
 life. In the past, the responses to
 environmental degradation were of-
 ten literary, as in the Babylonian Tal-
 mud (Vol. I, Shabbath 129a, chap.
 xviii, p. 644), Marsh (1864), Leopold
 (1966), Carson (1962) and others (see
 Passmore 1974). More recently, legal
 and regulatory responses have been
 noticeable, especially in highly indus-
 trialized and democratized societies.
 Examples include the establishment
 of national parks and government
 policies on human population and
 family planning, pollution, forest
 management, and trade in endan-

 4Russell Lande and George Barrowclough,
 1985, personal communication. University of
 Chicago and American Museum of Natural
 History.

 gered species. At this point in history,
 a major threat to society and nature is
 technology, so it is appropriate that
 this generation look to science and
 technology to complement literary
 and legislative responses.

 Our environmental and ethical
 problems, however, dwarf those
 faced by our ancestors. The current
 frenzy of environmental degradation
 is unprecedented (Ehrlich and Ehrlich
 1981), with deforestation, desertifica-
 tion, and destruction of wetlands and
 coral reefs occurring at rates rivaling
 the major catastrophes in the fossil
 record and threatening to eliminate
 most tropical forests and millions of
 species in our lifetimes. The response,
 therefore, must also be unprecedent-
 ed. It is fortunate, therefore, that con-
 servation biology, and parallel ap-
 proaches in the social sciences,
 provides academics and other profes-
 sionals with constructive outlets for
 their concern.

 Conservation biology and the con-
 servation movement cannot reverse
 history and return the biosphere to its
 prelapsarian majesty. The momentum
 of the human population explosion,
 entrenched political and economic be-
 havior, and withering technologies
 are propelling humankind in the op-
 posite direction. It is, however, within
 our capacity to modify significantly
 the rate at which biotic diversity is
 destroyed, and small changes in rates
 can produce large effects over long
 periods of time. Biologists can help
 increase the efficacy of wildland man-
 agement; biologists can improve the
 survival odds of species in jeopardy;
 biologists can help mitigate techno-
 logical impacts. The intellectual chal-
 lenges are fascinating, the opportuni-
 ties plentiful, and the results can be
 personally gratifying.
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Since the arrival of Homo sapi-
ens in New Zealand sometime 
during the 13th century, the 
number of plant species in the 

country has doubled, from roughly 
2,000 to more than 4,000. This island 
nation with no native land mammals 
apart from a few species of bats is now 
home to more than two dozen types 
of mammals, including possums, rab-
bits, deer, and wallabies. Biodiversity 
has increased. And yet New Zealand, 
along with the rest of the Earth, is often 
described as undergoing a “biodiver-
sity crisis,” with species going extinct 
at an alarming rate. These seemingly 
incompatible facts and statements have 
prompted intense scientific debate and 
discussion in recent years.

Many attributes of nature that people 
value deeply have been severely dete-
riorated by our actions at the same time 
that biodiversity in many situations has 
not changed or has even increased. This 
fact is called the biodiversity conservation 
paradox. We can potentially resolve this 
paradox, at least in part, by consider-
ing that ecological patterns and pro-
cesses can be different on small versus 
large spatial scales, an age-old topic of 
discussion in ecology. For example, the 
loss of roughly half the native bird spe-
cies of New Zealand represents a global 
loss of bird biodiversity, given that all of 
these species were endemic, living no-
where else on the planet. The human-
assisted introduction and establishment 

of roughly the same number of bird 
species as went extinct has maintained 
bird biodiversity in New Zealand but 
has done nothing to counter the global 
loss, given that all new arrivals already 
live elsewhere.

The fact that biodiversity changes 
differ across spatial scales, however, 
does not fully resolve the paradox. 
Most ecologists and conservation 
biologists— myself included—would 
still consider the New Zealand situa-
tion “bad” even if the regional losses 
were not also global losses. We place 
great value—entirely separate from sci-
entific considerations—on wild nature, 
unsullied by human activities. In other 
words, human values influence how 
we describe and study biodiversity. 
Thus, to more fully resolve the biodi-
versity conservation paradox, we need 
to first examine how science and hu-
man values became intertwined in the 
development of the very concepts of 
biodiversity and of nonnative species. 
A collision of the dominant narratives 
on these two topics ultimately revealed 
logical inconsistencies— the paradox 
with which ecologists and conservation 
biologists have been grappling.

Is Biodiversity Always Good? 
Biodiversity is good. This statement of 
value was declared as one of the postu-
lates of the fledgling field of conserva-
tion biology in the 1980s, and by the 
1990s my fellow students of ecology 
and I uncritically accepted it. But the 
impulse to preserve wild nature has 
much earlier origins. We felt a deep 
connection with nature and its stun-
ning diversity of life forms, and we 
were eager to accept and promulgate 
arguments about the value of biodi-
versity for human well-being. Passion-
ate pleas for biodiversity conservation 

from the likes of Norman Myers, Paul 
Ehrlich, and E.O. Wilson were codi-
fied in conservation biology textbooks, 
leaving no room for questions about 
whether biodiversity was good and 
whether human activities were bad for 
its maintenance. Habitat destruction 
and fragmentation, climate change, nu-
trient pollution, and non native species 
are bad, bad, bad, and bad. If anyone 
was talking about exceptions or nuanc-
es, they weren’t doing so loud enough 
for it to reach the classroom and the 
next generation of ecologists and con-
servation biologists. 

With the rise of conservation biol-
ogy, the concept of biodiversity came 
to sit at the core of conservation policy 
across the world. As of 2016, 196 coun-
tries or political units had ratified the 
international Convention on Biologi-
cal Diversity (CBD), first opened for 
signing in 1993. (The United States is 
a solitary exception, having signed but 
not ratified the convention.) The first 
objective of the CBD is simply “the 
conservation of biological diversity,” 
and individual countries have pur-
sued this objective in various ways, 
perhaps most often by providing legal 
protection to species at risk of extinc-
tion. The United States has its Endan-
gered Species Act, Canada has its Spe-
cies At Risk Act, and New Zealand has 
its Conservation Act.

Since the term biodiversity became 
widespread only in the late 1980s, 
ecologists have also been busy with 
the more mundane task of developing 
and calculating old and new indices to 
quantify it. The most straightforward 
index is species richness: the number of 
species in a given place and time. In-
dices of evenness aim to reflect the idea 
that, for example, a community with 
two equally abundant species is more 
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Even in places where nature is perceptibly altered by human actions, the 
number of species does not necessarily decline.
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diverse than one in which one of the 
species is dominant and the other very 
rare. Still other indices aim to capture 
phylogenetic or functional trait diversity, 
whereby a forest with both pine trees 
and maple trees is considered more 
diverse than one with only two species 
of pine (or maple) trees (see the figure 
on page 96). Species richness is the only 
metric that has been reported often 
enough, and in a sufficiently standard-
ized way, to allow general compari-
sons across different regions, habitats, 
taxa, or scales of space and time.

Quantitative indices of biodiversity 
possess the scientifically useful attri-
bute of incorporating no a priori val-
ue judgments about different species 
based on their geographic origins. If 
one native species goes extinct while 
one nonnative species becomes estab-
lished (or vice versa), species richness 
is unchanged. These value-free calcula-
tions lie in stark contrast to the unam-
biguous incorporation of values into 
the study and politics of biodiversity, 

in particular with respect to nonnative 
species. In his pioneering text, The Ecol-
ogy of Invasions by Animals and Plants, 
Charles Elton set the tone for invasion 
biology in 1958 that lives on to the 
present: “It is not just nuclear bombs 
and wars that threaten us…this book is 
about ecological explosions.” In other 
words, nonnative species, introduced 
from one continent to another, are bad; 
they must be prevented from establish-
ing or be eradicated if established.

One reason given for deeming non-
native species bad is that they are an 
important cause of biodiversity loss. 
Flightless birds in New Zealand were 
not only prone to hunting by humans, 
but the smaller ones such as kiwis were 
(and are) also highly vulnerable to pre-
dation by introduced species such as 
possums and weasels. New Zealand’s 
Conservation Act distinguishes “in-
digenous” from “introduced” species, 
and one of its aims is to “control any 
introduced species causing damage to 
any indigenous species or habitat.” In-

deed humans could be considered a 
non native species in New Zealand, re-
sponsible directly or indirectly for most, 
if not all, extinctions in recent centuries. 
But as we have seen already, nonnative 
species themselves contribute to local 
and regional biodiversity. If the case of 
New Zealand were unusual, we might 
consider it an exception to the rule that 
nonnative species cause biodiversity 
loss. It turns out, however, that the New 
Zealand story is quite typical.

In the early 2000s, Dov Sax, now of 
Brown University, and his colleagues 
reported data that presented a major 
challenge to the conventional wisdom 
about nonnative species and biodi-
versity. In recent centuries, during 
which human impacts have been the 
most profound, oceanic islands rang-
ing in size from less than 1 kilometer 
squared to greater than 250,000 kilo-
meters squared have shown changes 
in species richness that mirror exactly 
the results in New Zealand. For birds, 
the establishment of one introduced 
species has matched every one of the 
many species that have gone extinct. 
For plants, very few species have gone 
extinct on these islands, and roughly 
the same number as originally pres-

Tree lupines (Lupinus arboreus) line the shoreline of Lake Wakatipu on the South Island of 
New Zealand, where they are a nonnative species introduced from the United States. Some 
researchers claim that introduced species cause biodiversity decline, but in New Zealand the 
number of plant species has doubled, with very few extinctions of native plants.
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ent have been introduced and have 
established populations, thus doubling 
the original total. The species richness 
of freshwater fishes shows even more 
dramatic growth, with a fourfold in-
crease over time on oceanic islands (see 
the figure at right). Ecologists are ac-
tively debating and studying whether 
these results imply a steady-
state carrying capacity for some 
groups (for example, birds), a 
general “openness” to coloni-
zation in communities of some 
other groups (such as plants), 
or whether current diversity 
levels are transient, with future 
extinctions and colonizations 
altering or reversing the net 
changes seen so far. 

In individual states or drain-
age basins in the United States 
(considered mainland areas, 
rather than islands), changes in 
species richness have been in 
the same direction, but of lower 
magnitude: no net change for 
birds, and a 20 percent increase 
for both plants and fishes, on 
average (see the figure at right). 
A 2009 study by Marten Win-
ter, now of the German Centre 
for Integrative Biodiversity 
Research, and his colleagues 

showed a comparable increase of 20 
to 25 percent for plants in European 
countries over the past 500 years. 
Since regional extinctions in these 
mainland areas very rarely represent 
global extinctions, we cannot reconcile 
this manifestation of the biodiversity 
conservation paradox by invoking 

the scale-dependence of biodiversity 
change. Species are being transported 
and introduced to new places around 
the world, so that regional diversity 
often increases, even as global diver-
sity declines.

The net result of human activities in 
recent centuries thus appears on aver-
age to have been an increase, or at least 
no change, in species richness at the re-
gional scale. If biodiversity is good, this 
news ought to be good, but one would 
be hard-pressed to find an ecologist 
who would say that. So, at the local or 
regional scale, perhaps it is not really 
biodiversity per se that we value. 

Personally, I find value in the natu-
ralness of a given ecosystem, flora, or 

fauna, with the benchmark for 
natural being the absence or at 
least minimization of human 
influence. I also have a love of 
variety in and of itself, which 
prompts me to seek out the 
unique, mysterious, and beau-
tiful plants and animals in dif-
ferent corners of the globe. For 
example, the sight of scarlet and 
blue-and-yellow macaws flit-
ting about on a riverside cliff in 
Peru, after waiting hours for fog 
to lift, is a profoundly thrilling 
experience. Of course, I con-
sider the sustainable use of re-
sources and promotion of pub-
lic health to be major priorities 
for humanity, but regardless of 
whether biodiversity is the key 
ingredient in the maintenance 
of ecosystem services, I support 
its conservation because I want 
others to have opportunities to 
experience the sense of wonder 

Species richness of plants and fishes has increased especially 
on oceanic islands (yellow bars) since the arrival of humans 
in the past few thousand years, and also in continental re-
gions (green bars) since European colonization. For birds, the 
number of species has not changed much. Overall, there has 
not been a loss in biodiversity at the regional scale. (Adapted 
from Sax and Gaines 2003.)
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Biodiversity can be measured in different ways: the total number of species, how evenly dis-
tributed the abundances of those species are, and how closely related the species are. In the 
above example forests, all of them have the same number of species (two), but the forest on the 
far left clearly looks more diverse than the other two. That is because the middle forest has two 
closely related species of conifer tree that look more similar, share more of the same genes, and 
may share more functional roles. So, the middle forest has low phylogenetic and functional 
diversity. The far right forest has the same phylogenetic diversity and number of species as the 
one on the left, but the abundances of the two species in the lefthand forest are more evenly 
distributed. The lefthand forest has higher evenness, even though it has the same number of 
species, or species richness. 
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and excitement in nature that inspires 
me. Ultimately, ecosystems— whether 
natural or intensely managed by 
people— provide the life support sys-
tem for humanity. It is up for debate, 
however, how or whether biodiversity 
per se fits into this picture.

The Instrumental Value of Biodiversity
For decades, environmental historians 
and conservation biologists have been 
discussing the reasons people value 
nature—and biodiversity. Some val-
ues are profoundly personal, such as 
feelings of moral obligation to protect 
nonhuman life or a spiritual connec-
tion with wild nature. For the most 
part, these values are outside the realm 
of science, except in the sense that we 
might quantify how many people 
share such values. There is nothing 
in the forest itself, however, that we 
scientists can measure to quantify its 
moral or spiritual value.

But there are some attributes of the 
forest we can measure that are of less 
ambiguous value to people, such as 
the filtration of the air we breathe or 
the water we drink. These attributes 
are referred to as instrumental values. 
A major thrust of ecological research 
over the past 25 years has been the 
experimental creation of ecosystems 
with different numbers of species and 
subsequent tests of how the number 
of species influences ecosystem func-

tions such as biomass production by 
plants and the efficiency of nutrient 
use. These functions, in turn, influence 
the delivery of ecosystem services, 
such as the removal of carbon from 
the atmosphere and the reduction of 
fertilizer runoff and other waste nutri-
ents leaching into water bodies. In the 
1980s, Paul and Anne Ehrlich likened 
species extinctions to the loss of rivets 
from an airplane—a few popped rivets 
might have no effect, a few too many 
and the plane crashes. These studies 
effectively test this hypothesis.

Most often, biomass production and 
the efficiency of nutrient use do indeed 
increase as a function of the number of 
species in an ecosystem (see the figure 
above). Biodiversity enhances ecosys-
tem function—not in every single ex-
periment, but in most. This enhanced 
functioning would appear to provide 
proponents of biodiversity conserva-
tion with a powerful argument: We 
must conserve biodiversity because 
human well-being depends on it. Ver-
sions of this argument have made their 
way into documents from innumer-
able conservation organizations and 
government departments across the 
world. The website of the New Zea-
land Department of Conservation 
(http://bit.ly/2gg6vL4), for example, 
states that biodiversity “provides the 
services we rely on for our quality of 
life, our prosperity, and ultimately our 

survival.” The government of Québec, 
my home province, says essentially 
the same thing on its website (http://
bit.ly/2gpCaNM): “Thanks to biodi-
versity, ecosystems can contribute to 
human well-being in terms of health, 
safety, and material comfort” (trans-
lated from French).

But wait a minute. We have already 
learned that nonnative species introduc-
tions have caused regional-scale biodi-
versity to increase rather than decrease 
in recent centuries. And if more species 
means better-functioning ecosystems, 
then the net effect of many nonnative 
species introductions and few native 
extinctions should be enhanced ecosys-
tem function. Here the “biodiversity is 
good” argument collides with the “non-
native species are bad” argument, re-
vealing an inconsistency.

Local-Scale Biodiversity Change
Considering the link between bio-
diversity and ecosystem function 
prompts a return to the issue of how 
patterns of biodiversity can depend 
on spatial scale. The largest and best-
known experiments on this topic have 
been conducted with plants in grass-
lands, using experimental plots of 100 
meters squared at the large end. This 
scale is typically referred to as “local,” 
being orders of magnitude smaller 
than even the smallest of the islands 
included in the “regional” studies 

Experiments such as this one in the Cedar Creek Ecosystem Science Reserve in Min-
nesota show that biodiversity (in this case, species richness) increases ecosystem func-
tions, such as preventing nutrient loss and storing carbon. (Graphs from Tilman et al. 
1996; photograph courtesy of David Tilman.)

0 5 10 15 20 25

0 5 10 15 20 25

65

60

55

50

45

40

35

30

25

0.20

0.15

0.10

0.05

to
ta

l p
la

nt
 c

ov
er

 (
pe

rc
en

t)
ni

tr
at

e 
be

lo
w

 r
oo

tin
g 

zo
ne

 (
m

g 
kg

–1
)

species richness



98     American Scientist, Volume 105 © 2017 Sigma Xi, The Scientific Research Society. Reproduction 
with permission only. Contact perms@amsci.org.

mentioned earlier. On one hand, con-
servation biologists often dismiss re-
sults from such small scales as irrel-
evant to policy or management issues, 
which often pertain to entire national 
parks, counties, or even countries. In 
this case, however, the causal link from 
biodiversity to ecosystem function in-
volves small-scale interactions among 
plants, and so study plots are of an 
entirely appropriate scale.

On average, a plant of a given species 
grows to a larger size if its immediate 
neighbors are plants of different species 
rather than of the same species. The 
best-known example involves grasses 
and nitrogen-fixing legumes, such as 
clovers. Legumes fix atmospheric ni-
trogen via bacterial symbiosis and so 
grow well in nitrogen-poor conditions, 
adding nitrogen to the ecosystem. 
Grasses take up nitrogen efficiently and 
grow rapidly but potentially deplete 
the available resource. The two types of 
plants thus produce more biomass col-
lectively than either can when growing 
alone. In dense grassland, plants are 
closely intertwined, separated one to 
the next by centimeters rather than me-
ters, if they are separated at all. A grass 
plant benefits from a clover immedi-
ately adjacent, but it does not benefit 
measurably from a clover growing a 
kilometer or even 100 meters away. The 
plant–plant interactions within plots of 
a few meters squared have a big impact 
on both species.

The fundamentally small-scale na-
ture of ecological interactions that can 

create an effect of biodiversity on eco-
system function tell us that changes in 
biodiversity at a small scale are indeed 
of relevance to conservation issues. 
Plant biodiversity might be increas-
ing regionally, but if grasslands or for-
ests are experiencing net biodiversity 
losses locally, then the functioning of 
these ecosystems might be in decline. 
To accurately translate the results of 
experiments that test how biodiversity 
affects specific ecosystem functions 
into real-world implications, ecologists 
first must test the widespread assump-
tion that local biodiversity is indeed 
declining (see the figure at the bottom of 
page 99).

One scenario in which it is plain to 
see that local biodiversity has declined 
is when natural vegetation such as a 
tropical forest is converted to a crop 
monoculture or a parking lot. Agricul-
ture in particular is the primary culprit 
implicated in the worldwide loss of 
natural habitat. But the link between 
biodiversity decline and ecosystem 
services in this case is not so simple. 
People convert natural vegetation to 
crop fields deliberately to maximize 
one ecosystem service: food produc-
tion. Land conversion to agriculture 
can come at a steep cost to other eco-
system services, such as soil stabili-
zation and water quality, and the use 
of crop mixtures rather than mono-
cultures (which translates to greater 
biodiversity) can potentially contribute 
to strategies aimed at offsetting such 
costs. But how can we compare the 

relative value of a thousand bushels of 
corn versus less nitrogen in a stream? 
If you’ve got nothing to eat, the corn 
wins out; if you’ve got plenty to eat, 
maybe forest protection is the better 
strategy. In short, one cannot make a 
general statement about whether eco-
system services overall increase or de-
crease when a forest is converted to a 
crop field. Furthermore, any change 
in ecosystem function and services 
seems likely to have resulted more 
from plowing, leaving the field fallow 
each year, and the growth of annuals 
instead of century-old trees, than from 
a change in biodiversity.

Outside of agricultural fields and 
parking lots, in ecosystems that have 
not experienced wholesale human 
conversion, the effects of introduced 
species, climate warming, and other 
environmental changes on biodiver-
sity are much more variable. For ex-
ample, in a California grassland, a 
decrease in rainfall—where soil mois-
ture is already limiting to plants—
appears to have caused a decline in 
local plant diversity over the past 15 
years. In contrast, local plant diversity 
increased between 1968 and 2009 in 
forests and savannas of southern Van-
couver Island as increased disturbance 
due to human development favored 
colonization by disturbance- adapted 
species, both native and nonnative (see 
the graph at the top of the opposite page). 
Because biodiversity- manipulation ex-
periments do not involve habitat con-
version, data from the kinds of studies 

Meta-analyses of biodiversity change over time show that species richness increases just as often as it decreases. The crisis narrative about 
biodiversity generally suggests that species introductions cause declines in biodiversity, but the story is not that simple. (Data for the graphs 
are from Vellend et al. 2013, Dornelas et al. 2014, and Elahi et al. 2015.)
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just described are most relevant to as-
sessing arguments about real-world 
causal links from biodiversity to eco-
system function.

Over the past five years, individual 
studies like these have been synthe-
sized in several large meta-analyses. 
Across more than 200 studies that re-
ported terrestrial plant species rich-
ness in local study plots for at least five 
years, a group of collaborators and I 
found that the average change in the 
number of species over time was statis-
tically indistinguishable from zero (see 
the figure on the opposite page). The same 
result was reported by Maria Dornelas 
of the University of St. Andrews and 
colleagues for 100 time series of species 
richness and other biodiversity met-
rics in a range of terrestrial and aquatic 
habitats from across the globe. A study 
by Robin Elahi of Stanford University 
and colleagues, focusing on the past 
50 years specifically in marine coastal 
ecosystems, found an average net in-
crease in local species richness in more 
than 400 time series, but an average 
net decrease in this measure among 
the subset of studies that experienced 
the greatest human impacts, such as 
sedimentation and pollution. All of 
these studies reveal immense variabil-
ity from case to case, and at present we 
have only a limited understanding of 
the causes of so much variability.

The diversity-change meta-analyses, 
based collectively on many hundreds 
of studies and thousands of individual 
sampling sites, run counter to the as-
sumption that local-scale biodiversity 
is generally in decline. The underlying 
data do come with caveats, such as un-
even representation of geographic re-
gions or levels of human impact. The 
same is true, however, of the experi-
ments linking biodiversity to ecosystem 
function that form the other half of the 
scientific basis for the conservation ar-
gument (see the figure on page 97). Over-
all, the results caution against overgen-
eralizing the argument that biodiversity 
decline in nature is a major cause of 
declining ecosystem services—an argu-
ment at the core of widely used justifi-
cations for biodiversity conservation. 
More generally, even if more data were 
to shift the means of these distributions 
slightly one way or the other, variability 
in the magnitude and direction of tem-
poral trends, both at regional and local 
scales, deviates strongly from the gener-
al expectation of decline that forms the 
core of the biodiversity crisis narrative.

“Nature Abhors a Vacuum.”
Although the absence of a “rule” of 
local biodiversity decline accompany-
ing the global decline is seen by some 
researchers as strongly contrary to ex-
pectation, others find the results unsur-
prising. Elaborating on an expression 
from physics, the famous ecologist Jo-
seph Grinnell stated in 1924, “Nature 
abhors a vacuum in the animate world 
as well as in the inanimate world.” He 
was communicating the idea that when 
ecological opportunities arise, for ex-
ample when species are lost from an 
ecosystem, others are quick to exploit 
the opportunity. For example, when 
people create crop monocultures, it re-
quires a tremendous effort to keep out 
unwanted weeds. Even in the experi-
ments designed to test biodiversity- 
ecosystem function relationships, a 

major cost of research is the manual 
effort of keeping species out of plots 
where they aren’t supposed to be. If 
biodiversity is pushed down, Mother 
Nature often pushes back. 

More generally, theory and some 
empirical data support the notion of a 
quasi-steady state in local biodiversity, 
with a tendency for deviations from the 
steady state to be followed by a return 
to the long-term average. Of course, it 
is possible for environmental change 
to alter the steady-state level, but pre-
dictions can go in either direction. For 
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In a California grassland, plant diversity has been declining (top), driven by a decrease in pre-
cipitation. In several different savanna and forest types on Vancouver Island, the number of 
plant species has increased, largely due to colonization of native and nonnative disturbance-
adapted species (bottom). (Graphs are adapted from Harrison et al. 2015 and McCune and Vel-
lend 2013. Top photograph by Cathy Koehler, courtesy of Susan Harrison; bottom photograph 
courtesy of the author.)

The process to derive real-world implications 
from experiments studying the relationship 
between biodiversity and an ecosystem func-
tion requires estimating biodiversity loss at 
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example, in a forest of eastern North 
America, one might expect climate 
warming to increase local plant diver-
sity (forests to the south have higher 
diversity than those to the north), while 
anthropogenic nitrogen deposition 
strongly favors competitive dominance 
of one or a few species, thus causing 
local biodiversity to decline. Short of 
deliberately simplifying an ecosystem 
via the creation of a corn field or a strip 
mall, anthropogenically driven envi-
ronmental change can push local and 
regional biodiversity in either direction. 

The Trouble with Biodiversity
It is unsettling to have one’s view of 
the world called into question—in this 
case I had to face evidence that is con-
trary to the conventional wisdom in 
conservation biology imparted to me 
in the 1990s. Biodiversity is not gener-
ally declining at all spatial scales: De-
clines at the global scale are not gener-
ally seen at the regional scale and occur 
only in particular scenarios at the local 
scale. Human activities are not always 
to the detriment of biodiversity: Some-
times they are (for example, conversion 
of forest to crops), but sometimes they 
are not (for example, nonnative species 

doubling the numbers of plant species 
in New Zealand and on other islands). 
And nonnative species are not always 
the enemy, contributing sometimes in 
important ways to local and regional 
biodiversity as well as ecosystem ser-
vices such as food and fiber produc-
tion. The grasses and legumes that 
feed livestock in North America were 
mostly introduced from other conti-
nents (primarily Europe and Asia), as 
were the livestock themselves.

Returning to the biodiversity con-
servation paradox, I now think that 
perhaps its ultimate resolution lies in 
the fact that scientific definitions of 
biodiversity fail to capture what peo-
ple really value about nature. If bio-
diversity is quantified in an objective 
way as some aspect of variety in an 
ecological community, then biodiver-
sity can be high in a place that would 
be assigned low conservation value. 
On a visit to Hawaii, I recall seeing 
many kinds of birds in the lowlands, 
including northern cardinals, mourn-
ing doves, and house finches, all fa-
miliar species from my backyard in 
Canada, and all introduced to Hawaii 
from elsewhere, making them part of 
the local conservation problem. But 

if biodiversity is defined as whatever 
people value about nature, then sci-
ence has nothing to contribute to the 
question of whether and how biodi-
versity has value. The definition pro-
vides a built-in answer. 

To be clear, the argument here is not 
that all is well with the ecology of plan-
et Earth. Even if biodiversity loss is 
found not in itself to be a major cause 
of compromised ecosystem services, 
there are plenty of serious ecological 
threats. The number of people on the 
planet and our per capita consumption 
of resources combine to make it highly 
uncertain that future generations will 
be able to enjoy the same level of well-
being we enjoy today. This problem is 
clear after observing statistics on re-
newable and nonrenewable resources, 
and it is reflected in the eye-popping 
human impacts visible in images of 
the Earth taken from space. The tem-
perature of the planet is rising, increas-
ing the likelihood of detrimental heat 
waves, droughts, and coastal flood-
ing. Many of the consequences of such 
changes for people flow through the 
biosphere in the form of altered crop 
production, fisheries yields, or natural 
water filtering. 

Ecosystem services: 
Agriculture produces food, 
but reduces water quality 
and carbon storage.

Novel habitats and 
increased landscape 
heterogeneity support 
biodiversity.

Altered community composition but not 
necessarily biodiversity decline in 
remnant natural habitats.

Local biodiversity loss 
occurs in crop �elds and 
urban areas.

Biodiversity gain via anthropogenic 
introduction and spread of 
non-native species (such as weeds 
and ornamental plants).

Human development can make a landscape more heterogeneous and provide unique ecosystem services at the same time that it imposes 
environmental costs, all of which must be weighed by a society to decide what land to conserve, what land to use, and how to use it. Biodiver-
sity may increase, decrease, or not change depending on the spatial scale and habitat, and thus may not be the best metric for reflecting these 
societal values about land.
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What’s less clear is the degree to 
which biodiversity—by its scientifi-
cally justifiable definition—is a key 
player in mediating the consequences 
of global changes for human well-be-
ing. In the mountains to the north of 
Vancouver, British Columbia, where I 
used to live, forested watersheds are 
protected to provide clean water to the 
city’s residents. The intact forest is crit-
ical to the provisioning of clean water, 
but it seems unlikely that the number 
of tree species is so important. Indeed 
a typical forest stand in coastal British 
Columbia contains just a handful of 
tree species. 

I suspect that scientists harbor deep-
er doubts about the validity of the 
utilitarian argument for biodiversity 
conservation than is evident in their 
published writings. In his 1996 book, 
The Idea of Biodiversity, David Takacs, 
then at Cornell University, interviewed 
many prominent conservation biolo-
gists and revealed a telling dichotomy 
between the reasons that inspire them 
to care about biodiversity, and the 
reasons they provide when trying to 
convince others to care. Inspiration of-
ten comes from an emotionally driven 
love of nature, and so, for example, the 
loss of endemic birds in New Zealand 
saddens us deeply. In contrast, when 
“selling” conservation, biologists more 
often employ the utilitarian argument 
that losing biodiversity will compro-
mise human well-being, even if it’s not 
so clear that the transformation of New 
Zealand’s biota has been to the detri-
ment of human well-being. 

In short, a great burden was placed 
on the shoulders of the concept of 
biodiversity— to simultaneously rep-
resent all that we value about nature 
and to provide a way to quantify this 
value in a straightforward way. The 
concept might now be collapsing un-
der this weight.

Saving the concept of biodiversity 
might require more clearly circum-
scribing the role of science in conser-
vation. If, for example, an endangered 
species has no scientifically known or 
even plausibly hypothesized unique 
benefit to human well-being, we 
should be honest that the motivation 
for protection is driven by ethical val-
ues. It is important to note that such 
honesty requires acknowledging that 
the question of what society should do 
about a given situation (for example, a 
species at risk of extinction) is outside 
the realm of science, and so a scien-

tist’s values carry no more weight than 
anyone else’s. In contrast, scientists do 
have a special standing when it comes 
to giving advice on how to achieve 
conservation policy or management 
goals and on predicting the possible 
consequences of action or inaction on 
a range of issues, including pollution, 
global warming, and land-use change. 

In describing or predicting the con-
sequences of anthropogenic environ-
mental change, I think that scientif-
ic credibility can be safeguarded by 
keeping values out of the quantifica-
tion of biodiversity as much as pos-
sible, or at least by clearly qualifying 
conclusions that incorporate values. I 
have been guilty myself of not clearly 
flagging value-driven decisions in the 
study of biodiversity. In my doctoral 
dissertation, I focused on how agricul-
tural land-use history influenced forest 
specialist plants in New York State, and 
I described changes in “biodiversity,” 
despite deliberately having excluded 
species characteristic of open fields, 
such as those most likely to benefit 
from the environmental change. To a 
casual reader (meaning most readers), 
I thus ensured the appearance of an 
overall biodiversity decline, when real-
ly overall plant biodiversity may have 
shown an entirely different response. 

I believe the example of my PhD 
research is representative of a great 
many similar studies, in which value 
judgments entered into the very cal-
culations whose results might then 
appear to justify the values. Today, I 
would describe the decline I observed 
as a loss of forest specialist plants, not 
a decline in plant biodiversity, unless 
I had data that characterized the full 
set of plant species present over time 
and demonstrated a decline. That way, 
there would be far greater transpar-
ency regarding the values involved in 
developing any conservation practices 
based on this research. I worry that 
the conventional wisdom that was 
overturned by the studies of Dov Sax 
and others (but that still lives on to a 
considerable degree) was built on a 
foundation that included an awkward 
mixture of human values and data. 
In my experience, the presentation of 
any result that runs counter to the bio-
diversity crisis narrative is met with 
a chorus of responses from ecologists 
that start with “yeah, but…”. As the 
professional skeptics we are supposed 
to be as scientists, I think that ecology 
and conservation biology can benefit 

greatly if we consistently apply “yeah, 
but…” thinking not only to results that 
run counter to our personal values, 
but also to those that align with them. I 
have certainly started to do so myself. 
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