ELISABETH A. LLOYD

3  Units and Levels of Selection

The theory of evolution by natural selection is, perhaps, the
crowning intellectual achievement of the biological sciences. There
is, however, considerable debate about which entity or entities are
selected and what it is that fits them for that role. In this chapter I
aim to clarify what is at issue in these debates by identifying several
distinct, though often confused, concerns and then identifying how
the debates on what constitute the units of selection depend to
a significant degree on which of these different questions a thinker
regards as central. Chief among these distinctions are replicators
versus interactors as well as who benefits from a process of evolution
by selection, that is, who benefits in the long run from a selection
process and who gets the benefit of possessing adaptations that
result from a selection process. Because Richard Dawkins is the
primary source of several of the confusions addressed in this essay,
I treat his work at some length.

1. INTRODUCTION

For more than twenty-five years, certain participants in the ‘‘units of
selection’’ debates have argued that more than one issue is at stake.
Richard Dawkins (1978, 1982a), for example, introduced ‘repli-
cator’” and ““vehicle” to stand for different roles in the evolutionary
process. He proceeded to argue that the units of selection debates
should not be about vehicles, as they had formerly, but about
replicators. David Hull (1980) in his influential article “Individuality
and Selection’” suggested that Dawkins’s ““replicator”’ subsumes two
quite distinct functional roles and broke them up into “replicator”
and “interactor.” Robert Brandon (1982), arguing that the force of
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Hull’s distinction had been underappreciated, analyzed the units of
selection controversies further, claiming that the question about
interactors should more accurately be called the ““levels of selec-
tion’” debate to distinguish it from the dispute about replicators,
which he allowed to keep the ““units of debate’ title.

The purpose of this chapter is to delineate further the various
questions pursued under the rubric of ““units and levels of selection.”
This analysis is not meant to resolve any of the conflicts about
which research questions are most worth pursuing; moreover, I
make no attempt to decide which of the questions or combinations of
questions discussed ought to be considered ““the’” units of selection
question.

2. FOUR BASIC QUESTIONS

With respect to the controversies that surround the units and levels
of selection question, four basic questions can be delineated as dis-
tinct and separable. As will be demonstrated in Section 3, these
questions are often used in combination to represent the units of
selection problem. But let us begin by clarifying terms (see Lloyd
1992, 2001).

The term replicator, originally introduced by Dawkins but since
modified by Hull, is used to refer to any entity of which copies are
made. Dawkins (1982a, 47) classifies replicators using two ortho-
gonal distinctions. A ‘‘germ-line”’ replicator, as distinct from a
““dead-end” replicator, is ‘“the potential ancestor of an indefinitely
long line of descendant replicators’” (1982a, 47). For instance, DNA
in a chicken’s egg is a germ-line replicator, whereas that in a
chicken’s wing is a dead-end replicator. An “‘active” replicator is
““a replicator that has some causal influence on its own probability
of being propagated,” whereas a “‘passive’”’ replicator is never tran-
scribed and has no phenotypic expression whatsoever. Dawkins
(1982a, 47) is especially interested in active germ-line replicators,
““since adaptations ‘for’ their preservation are expected to fill the
world and to characterize living organisms.”’

Dawkins (1982b, 295) also introduced the term vehicle, which he
defines as ““any relatively discrete entity ... which houses replica-
tors, and which can be regarded as a machine programmed to pre-
serve and propagate the replicators that ride inside it.” According to
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Dawkins (1982a, 62), most replicators’ phenotypic effects are
represented in vehicles, which are themselves the proximate targets
of natural selection.

Hull (1980, 318), in his introduction of the term interactor,
observes that Dawkins’s theory has replicators interacting with
their environments in two distinct ways: they produce copies of
themselves, and they influence their own survival and the survival
of their copies through the production of secondary products that
ultimately have phenotypic expression. Hull (1980, 318) suggests
interactor for the entities that function in this second process. An
interactor denotes that entity that interacts, as a cohesive whole,
directly with its environment in such a way that replication is dif-
ferential — in other words, an entity on which selection acts directly.
The process of evolution by natural selection is ““a process in which
the differential extinction and proliferation of interactors cause the
differential perpetuation of the replicators that produced them”
(Hull 1980, 318; see also Brandon 1982, 317-18).

Hull also introduced the concept of ““evolvers,” which are the
entities that evolve as a result of selection on interactors: these are
usually what Hull (1980, 327) calls lineages. So far, no one has
directly claimed that evolvers are units of selection. They can be
seen, however, to be playing a role in considering the question of
who owns an adaptation and who benefits from evolution by
selection, which we will consider in Sections 2.3 and 2.4.

12

2.1 The Interactor Question

In its traditional guise, the interactor question is, What units are
being actively selected in a process of natural selection? As such,
this question is involved in the oldest forms of the units of selection
debates (Darwin 1859, Haldane 1932, Wright 1945). In his classic
review article, Lewontin (1970, 7) contrasts the levels of selection,
““especially as regards their efficiency as causers of evolutionary
change.” Similarly, Slobodkin and Rapaport (1974, 184) assumed
that a unit of selection is something that ‘““responds to selective
forces as a unit — whether or not this corresponds to a spatially
localized deme, family, or population.”

Questions about interactors focus on the description of the
selection process itself, that is, on the interaction between an entity,
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that entity’s traits and environment, and how this interaction
produces evolution; they do not focus on the outcome of this process
(see Wade 1977; Vrba and Gould 1986). The interaction between
some interactor at a certain level and its environment is assumed
to be mediated by ‘“traits” that affect the interactor’s expected sur-
vival and reproductive success. Here, the interactor is possibly at any
level of biological organization, including a group, a kin-group, an
organism, a gamete, a chromosome, or a gene. Some portion of the
expected fitness of the interactor is directly correlated with the value
of the trait in question. The expected fitness of the interactor is
commonly expressed in terms of genotypic fitness parameters, that
is, in terms of the fitness of combinations of replicators; hence,
interactor success is most often reflected in and counted through
replicator success. Several methods are available for expressing such
a correlation between interactor trait and (genotypic or genic)
fitness, including partial regression, variances, and covariances.

In fact, much of the interactor debate has been played out through
the construction of mathematical genetic models — with the
exception of Wade’s (1978, 1980) and some of Wilson and Colwell’s
(1981) work on female-biased sex ratios (see especially Griesemer
and Wade 1988). The point of building such models is to determine
what kinds of selection, operating at which levels, may be effective
in producing evolutionary change.

It is widely held, for instance, that the conditions under which
group selection can effect evolutionary change are quite stringent and
rare. Typically, group selection is seen to require small group size, low
migration rate, and extinction of entire demes. Some modelers, how-
ever, disagree that these stringent conditions are necessary. Matessi
and Jayakar (1976, 384, for example, show that in the evolution of
altruism by group selection, very small groups may not be necessary,
contra Maynard Smith (1964). Wade and McCauley (1980, 811) also
argue that small effective deme size is not a necessary prerequisite to
the operation of group selection. Similarly, Boorman (1978, 1909)
shows that strong extinction pressure on demes is not necessary. And
finally, Uyenoyama (1979) develops a group selection model that
violates all three of the “‘necessary’’ condition usually cited.

That different researchers reach such disparate conclusions about
the efficacy of group selection occurs partly because they are using
different models with different parameter values. Wade (1978)
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highlighted several assumptions, routinely used in group selection
models, that biased the results of these models against the efficacy of
group selection. For example, he noted that many group selection
models use a specific mechanism of migration; it is assumed that the
migrating individuals mix completely, forming a “‘migrant pool”
from which migrants are assigned to populations randomly. All
populations are assumed to contribute migrants to a common pool
from which colonists are drawn at random. Under this approach,
which is used in all models of group selection prior to 1978, small
sample size is needed to get a large genetic variance between popu-
lations (Wade 1978, 110; see discussion in Okasha 2003).

If, in contrast, migration occurs by means of large populations,
higher heritability of traits and a more representative sampling of
the parent population will result. Each propagate is made up of
individuals derived from a single population, and there is no mixing
of colonists from the different populations during propagule forma-
tion. On the basis of Slatkin and Wade’s (1978, 3531) analysis, much
more between-population genetic variance can be maintained with
the propagule model. They conclude that by using propagule pools as
the assumption about colonization, one can greatly expand the set of
parameter values for which group selection can be effective.

Another aspect of this debate that has received a great deal of
consideration concerns the mathematical tools necessary for iden-
tifying when a particular level of biological organization meets the
criteria for being an interactor. Examples of suggested techniques
within the philosophical community include Bandon’s use of
Salmon’s notion of screening off and the work by Wimsatt (1980,
1981) and Lloyd ([1988] 1994) on the additivity approach (see Sarkar
1994 and Godfrey-Smith 1992 for criticisms of this last approach,
and Griesemer and Wade 1988, and Okasha 2004a for defenses of it).
Biologists have also suggested a variety of statistical techniques for
addressing this issue. See, for example, the work of Arnold and
Fristrup (1982), Heisler and Damuth (1987), and Wade (1985),
respectively.

Overall, while many of the suggested techniques have had
strengths, no one approach to this aspect of the interactor question
has been generally accepted, and indeed it remains the subject of
debate in biological circles (Okasha 2004Db, c). Discussions of these
issues within philosophy have been muted of late as a result of the
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influence of genic pluralism, which regards the entire interactor
debate as a mistake.

Note that the “interactor question’”” does not involve attributing
adaptations or benefits to the interactors, or indeed, to any candidate
unit of selection. Interaction at a particular level involves only the
presence of a trait at that level with a special relation to genic or
genotypic expected success that is not reducible to interactions at a
lower level. A claim about interaction indicates only that there is an
evolutionarily significant event occurring at the level in question; it
says nothing about the existence of adaptations at that level. As we
shall see, the most common error made in interpreting many of the
interactor-based approaches is that the presence of an interactor at a
level is taken to imply that the interactor is also a manifestor of an
adaptation at that level.

2.2  The Replicator Question

The focus of discussions about replicators concerns just which organic
entities actually meet the definition of replicator. Answering this
question obviously turns on what one takes the definition of replicator
to be. In this connection Hull’s contribution turned out to be central.
Starting from Dawkins’s view, Hull (1980, 318) refined and restricted
the meaning of “replicator,” which he defined as “an entity that
passes on its structure directly in replication.” The terms replicator
and interactor will be used in Hull’s sense in the rest of this essay.

Hull’s definition of replicator corresponds more closely than
Dawkins’s to a long-standing debate in genetics about how large or
small a fragment of a genome ought to count as a replicating unit —
something that is copied, and that can be treated separately in evo-
lutionary theory (see especially Lewontin 1970). This debate
revolves critically around the issue of linkage disequilibrium and led
Lewontin, most prominently, to advocate the usage of parameters
referring to the entire genome rather than to allele and genotypic
frequencies in genetical models. The basic point is that with much
linkage disequilibrium, individual genes cannot be considered as
replicators because they do not behave as separate units during
reproduction. Although this debate remains pertinent to the choice
of state space of genetical models, it has been eclipsed by concerns
about interactors in evolutionary genetics.
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This is not to suggest that the replicator question has been solved.
Work on the replicator question is part of a rich and continuing
research program; it is simply no longer a large part of the units
debates. That this parting of ways took place is largely due to the fact
that evolutionists and philosophers working on the units problems
tacitly adopted Dawkins’s suggestion that the replicator, whatever it
turned out to be, be called the ‘gene’ (see Section 3.3). This move
neatly removes the replicator question from consideration. Exactly
why this move should have met with near-universal acceptance is to
some extent historical. However, the fact that the intellectual tools
(largely mathematical models) of the participants in the units
debates were better suited to dealing with aspects of that debate
other than the replicator question, which requires mainly bio-
chemical investigation, surely contributed to this outcome.

There is a very important class of exceptions to this general
abandonment of the replicator question. Susan Oyama, Paul Griffiths,
and Russell Gray have been leading thinkers in formulating a radical
alternative to the interactor/replicator dichotomy known as Devel-
opmental Systems Theory (Oyama 1985; Griffiths and Gray 1994,
1997; Oyama, Griffiths, and Gray 2001). Here the evolving unit is
understood to be the developing system as a whole, privileging
neither the replicator nor the interactor. James Griesemer (2000) has
originated a profound reconceptualization of the evolution by
selection process and has rejected the role of replicator as mis-
conceived. He proposes in its place the role of “reproducer,” which
focuses on the material transference of genetic and other matter
from generation to generation. The reproducer plays a central role,
along with a hierarchy of interactors, in his much-awaited book on
the evolutionary process.

2.3  The Beneficiary Question

Who benefits from a process of evolution by selection? There are two
predominant interpretations of this question: Who benefits ulti-
mately in the long term, from the evolution by selection process? And
who gets the benefit of possessing adaptations as a result of a selection
process? Take the first of these, the issue of the ultimate beneficiary.

There are two obvious answers to this question — two different
ways of characterizing the long-term survivors and beneficiaries of
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the evolution by selection process. One might say that the species or
lineages (Hull’s evolvers) are the ultimate beneficiaries of the evo-
lutionary process. Alternatively, one might say that the lineages
characterized on the genic level, that is, the surviving alleles, are the
relevant long-term beneficiaries. I have not located any authors
holding the first view, but, for Dawkins, the latter interpretation is
the primary fact about evolution. To arrive at this conclusion,
Dawkins adds the requirement of agency to the notion of beneficiary
(see Hampe and Morgan 1988). For Dawkins, a beneficiary, by defi-
nition, does not simply passively accrue credit in the long term; it
must function as the initiator of a causal pathway. Under this defi-
nition, the replicator is causally responsible for all of the various
effects that arise further down the biochemical or phenotypic
pathway, irrespective of which entities might reap the long-term
rewards.

A second and quite distinct version of the beneficiary question
involves the notion of adaptation. The evolution by selection pro-
cess may be said to “benefit’” a particular level of entity under
selection, through producing adaptations at that level (Williams
1966, Maynard Smith 1976, Vrba 1984, Eldredge 1985). On this
approach, the level of entity actively selected (the interactor) bene-
fits from evolution by selection at that level through its acquisition
of adaptations.

It is crucial to distinguish the question concerning the level at
which adaptations evolve from the question about the identity of the
ultimate beneficiaries of that selection process. One can think — and
Dawkins does - that organisms have adaptations without thinking
that organisms are the ‘“‘ultimate beneficiaries” of the selection
process. This sense of ““beneficiary’”’ that concerns adaptations will
be treated as a separate issue, discussed in the next section.

2.4  The Manifestor-of-Adaptation Question

At what level do adaptations occur? Or, as Sober (1984, 204) puts this
question, “When a population evolves by natural selection, what, if
anything, is the entity that does the adapting?”’ As mentioned pre-
viously, the presence of adaptations at a given level is sometimes
taken to be a requirement for something to be a unit of selection.
Wright (1980), in an absolutely crucial observation, distinguished
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group selection for ““group advantage” from group selection per se.
In other words, he claimed that the combination of the interactor
question with the question of what entity had adaptations had created
a great deal of confusion in the units of selection debates in general.

Some, if not most, of this confusion is a result of a very important
but neglected duality in the meaning of ““adaptation.” Sometimes
““adaptation’’ is taken to signify any trait at all that is a direct result
of a selection process at that level. In this view, any trait that arises
directly from a selection process is claimed to be, by definition, an
adaptation. Sometimes, on the other hand, the term ““adaptation’’ is
reserved for traits that are ““good for’’ their owners, that is, those that
provide a “‘better fit” with the environment and that intuitively
satisfy some notion of ““good engineering.”” These two meanings
of adaptation, the selection-product and engineering definitions,
respectively, are distinct, and in some cases, incompatible.

Williams, in his extremely influential book Adaptation and
Natural Selection (1966), advocated an engineering definition of
adaptation. He believed that it was possible to have evolutionary
change result from direct selection favoring a trait without having to
consider that changed trait as an adaptation. Consider, for example,
his discussion of Waddington’s (1956) genetic assimilation experi-
ments. Williams (1966, 70-81) interprets the results of Waddington’s
experiments in which latent genetic variability was made to express
itself phenotypically because of an environmental pressure (see the
lucid discussion in Sober 1984, 199-201).

Williams (1966, 75-78) considers the question of whether the
bithorax condition (resulting from direct artificial selection on that
trait) should be seen as an adaptive trait, and his answer is that
it should not. Williams instead sees the bithorax condition as “a
disruption ... of development,” a failure of the organism to respond.
Hence, Williams drives a wedge between the notion of a trait that is
a direct product of a selection process and a trait that fits his stronger
engineering definition of an adaptation (see Gould and Lewontin
1979; Sober 1984, 201; cf. Dobzhansky 1956).!

In sum, when asking whether a given level of entity possesses
adaptations, it is necessary to state not only the level of selection
in question but also which notion of adaptation - either selection-
product or engineering — is being used. This distinction between
the two meanings of adaptation also turns out to be pivotal in
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the debates about the efficacy of higher levels of selection, as we will
see in Sections 3.1 and 3.2.

2.5  Summary

In this section, four distinct questions have been described that
appear under the rubric of ““the units of selection’”” problem: What is
the interactor? What is the replicator? What is the beneficiary? And
what entity manifests any adaptations resulting from evolution by
selection? There is a serious ambiguity in the meaning of ““adapta-
tion’’; which meaning is in play has had deep consequences for both
the group selection debates and the species selection debates.
Commenting on this analysis, John Maynard Smith (2001, 1497)
wrote in Evolution, Lloyd (2001) argues, ““correctly I believe, that
much of the confusion has arisen because the same terms have been
used with different meanings by different authors ... [but]Ifear that
the confusions she mentions will not easily be ended.” In Section 3,
this taxonomy of questions is used to sort out some of the most
influential positions in three debates: group selection (3.1), species
selection (3.2), and genic selection (3.3).

3. AN ANATOMY OF THE DEBATES

3.1  Group Selection

George Williams’s (1966) famous near-deathblow to group panse-
lectionism was, oddly enough, about benefit. He was interested in
cases in which there was selection among groups and the groups as a
whole benefited from organism-level traits (including behaviors)
that seemed disadvantageous to the organism. (Similarly, for
Maynard Smith [1964].) Williams argued that the presence of a
benefit to the group was not sufficient to establish the presence of
group selection. He did this by showing that a group benefit was not
necessarily a group adaptation. (Hence, Williams is here using the
term benefit to signify the manifestation of an adaptation at the
group level.) His assumption was that a genuine group selection
process results in the evolution of a group-level trait — a real
adaptation — that serves a design purpose for the group. The mere
existence, however, of traits that benefit the group is not enough
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to show that they are adaptations; in order to be an adaptation, under
Williams’s (1966) view, the trait must be an engineering adaptation
that evolved by natural selection. Williams argued that group ben-
efits do not, in general, exist because they benefit the group; that is,
they do not have the appropriate causal history.

Implicit in Williams’s discussion is the assumption that being a
unit of selection at the group level requires two things: (1) having
the group as an interactor and (2) having a group-level engineering-
type adaptation. That is, Williams combines two different questions,
the interactor question and the manifestor-of-adaptation question,
and calls this combined set the unit of selection question. These
requirements for “‘group selection’” make perfect sense given that
Williams’s prime target was Vero Wynne-Edwards, who promoted a
view of group selection that incorporated this same two-pronged
definition of a unit of selection.

This combined requirement of engineering group-level adaptation
in addition to the existence of an interactor at the group level is a
very popular version of the necessary conditions for being a unit of
selection within the group selection debates. David Hull (1980, 325)
claims that the group selection issue hinges on ““whether entities
more inclusive than organisms exhibit adaptations.” John Cassidy
(1978, 582) states that the unit of selection is determined by ““who or
what is best understood as the possessor and beneficiary of the trait.”
Similarly, Eldredge (1985, 108) requires adaptations for an entity to
count as a unit of selection, as does Vrba (1983, 1984).

Maynard Smith (1976, 282) also ties the engineering notion of
adaptation into the version of the units of selection question he
would like to consider. In an argument separating group and kin
selection, Maynard Smith concludes that group selection is favored
by small group size, low migration rates, and rapid extinction of
groups infected with a selfish allele and that ““the ultimate test of the
group selection hypothesis will be whether populations having these
characteristics tend to show ‘self-sacrificing’ or ‘prudent’ behavior
more commonly than those which do not.” This means that the
presence of group selection or the effectiveness of group selection
is to be measured by the existence of nonadaptive behavior of indi-
vidual organisms along with the presence of a corresponding
group-level adaptation. Therefore, Maynard Smith does require a
group-level adaptation from groups to count as units of selection.
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As with Williams, it is significant that he assumes the engineering
notion of adaptation rather than the weaker selection-product
notion. As Maynard Smith (1976, 278) puts it, ““an explanation in
terms of group advantage should always be explicit, and always calls
for some justification in terms of the frequency of group extinction.”

In contrast to the preceding authors, Sewall Wright (1929, 1931}
separated the interactor and manifestor-of-adaptation questions in
his group selection models. He distinguishes between what he calls
“intergroup selection,” that is, interdemic selection in his shifting
balance process, and “‘group selection for group advantage.” Wright
(1980, 840) cites Haldane (1932) as the originator of the term
““altruist”” to denote a phenotype “‘that contributes to group advan-
tage at the expense of disadvantage to itself.” Wright (1980, 841)
connects this debate to Wynne-Edwards, whom he characterizes as
asserting the evolutionary importance of “group selection for group
advantage.”” He argues that Hamilton’s kin selection model is “very
different” from ‘‘group selection for the uniform advantage of a
group.” Hamilton himself concurred in a little-known paper from
1975 (Hamilton 1996, vol. 1, 337).

Wright (1980, 841) takes Maynard Smith, Williams, and Dawkins
to task for mistakenly thinking that because they have successfully
criticized group selection for group advantage, they can conclude
that “‘natural selection is practically wholly genic.” Wright (1980,
841) argues that ““none of them discussed group selection for organ-
ismic advantage to individuals, the dynamic factor in the shifting
balance process, although this process, based on irreversible local
peak-shifts is not fragile at all, in contrast with the fairly obvious
fragility of group selection for group advantage, which they con-
sidered worthy of extensive discussion before rejection.”

This is a fair criticism of Maynard Smith, Williams, and Dawkins.
According to Wright, the problem is that these authors failed to
distinguish between two questions: the interactor question and the
manifestor-of-adaptation question. Wright’s interdemic group selec-
tion model involves groups only as interactors, not as manifestors of
group-level adaptations. Further, he is interested only in the effect
the groups have on organismic adaptedness and expected reproduc-
tive success. More recently, modelers following Sewall Wright'’s
interest in structured populations have created a new set of genetical
models that are also called ““group selection”” models and in which
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the questions of group adaptations and group benefit play little or
no role.

For a period spanning two decades, however, Maynard Smith,
Williams, and Dawkins did not acknowledge that the position they
attacked, namely, Wynne-Edwards’s, is significantly different from
other available approaches to group selection, such as that of Wright,
Wade, Wilson, Uyenoyama, Feldman, and Lewontin. Ultimately,
however, both Williams and Maynard Smith recognized the sig-
nificance of the distinction between the interactor question and the
manifestor-of-an-adaptation question. As a result, Williams (1985,
7-8) wrote, “If some populations of species are doing better than
others at persistence and reproduction, and if such differences are
caused in part by genetic differences, this selection at the population
level must play a role in the evolution of the species,” while con-
cluding that group selection “‘is unimportant for the origin and
maintenance of adaptation.”

Shortly thereafter, Maynard Smith (1987, 123) made an extra-
ordinary concession.

There has been some semantic confusion about the phrase ““group selec-
tion,” for which I may be partly responsible. For me, the debate about levels
of selection was initiated by Wynne-Edwards’ book. He argued that there are
group-level adaptations ... which inform individuals of the size of the
population so that they can adjust their breeding for the good of the popu-
lation. He was clear that such adaptations could evolve only if populations
were units of selection. ... Perhaps unfortunately, he referred to the process
as “‘group selection.” As a consequence, for me and for many others who
engaged in this debate, the phrase came to imply that groups were suffi-
ciently isolated from one another reproductively to act as units of evolution,
and not merely that selection acted on groups.

The importance of this debate lay in the fact that group-adaptationist
thinking was at that time widespread among biologists. It was therefore
important to establish that there is no reason to expect groups to evolve
traits ensuring their own survival unless they are sufficiently isolated for
like to beget like. ... When Wilson (1975) introduced his trait-group model, I
was for a long time bewildered by his wish to treat it as a case of group
selection and doubly so by the fact that his original model ... had inter-
esting results only when the members of the group were genetically related,
a process I had been calling kin selection for ten years. I think that these
semantic difficulties are now largely over. (1987, 123)
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Dawkins (1989a) also seems to have rediscovered the evolu-
tionary efficacy of higher-level selection processes in an article on
artificial life. In this article, he is primarily concerned with modeling
the course of selection processes, and he offers a species-level
selection interpretation for an aggregate species-level trait. Still, he
seems not to have recognized the connection between this evolu-
tionary dynamic and the controversies surrounding group selection
because in his second edition of The Selfish Gene (Dawkins 1989b)
he had yet to accept the distinction made so clearly by Wright in
1980. This was in spite of the fact that by 1987, the importance of
distinguishing between evolution by selection processes and any
engineering adaptations produced by these processes had been
acknowledged by the workers Dawkins claimed to be following
most closely, Williams and Maynard Smith.

The most recent significant entry into these debates is Elliott
Sober and David Sloan Wilson’s Unto Others, which they published
in 1998. In this work Sober and Wilson develop a case for group
selection based on the need to account for the existence of biological
altruism. Biological altruism is any behavior that benefits another
organism at some cost to the actor. Such behavior must always
reduce the actor’s fitness, but it may, as Sober and Wilson (following
the work of Haldane and Wright) show, increase the fitness of cer-
tain groups within a structured population. While the biological
modeling in Unto Others was not new, the book did call the issues
involved in the group selection debates to the attention of the larger
philosophic community.

3.2 Species Selection

Ambiguities about the definition of a unit of selection have also
snarled the debate about selection processes at the species level. The
combining of the interactor question and the manifestor-of-adapta-
tion question (in the engineering sense) led to the rejection of
research aimed at considering the role of species as interactors,
simpliciter, in evolution. Once it is understood that species-level
interactors may or may not possess design-type adaptations, it
becomes possible to distinguish two research questions: Do species
function as interactors, playing an active and significant role in
evolution by selection? And does the evolution of species-level
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interactors produce species-level engineering adaptations and, if so,
how often?

For most of the history of the species selection debate, these
questions have been lumped together; asking whether species could
be units of selection meant asking whether they fulfilled both the
interactor and manifestor-of-adaptation roles. For example, Vrba
(1984) used Maynard Smith’s treatment of the evolution of altruism
as a touchstone in her definition of species selection. Maynard
Smith (1976) argued that kin selection could cause the spread of
altruistic genes but that it should not be called group selection.
Again, this was because the groups were not considered to possess
design-type adaptations themselves. Vrba (1984, 319) agreed that the
spread of altruism should not be considered a case of group selection
because “‘there is no group adaptation involved; altruism is not
emergent at the group level” (Maynard Smith gives different reasons
for his rejection). This amounts to assuming that there must be
group benefit in the sense of a design-type group-level adaptation in
order to say that group selection can occur. Vrba’s (1983, 388) view
was that evolution by selection is not happening at a given level
unless there is a benefit or engineering adaptation at that level. She
explicitly equates units of selection with the existence of an inter-
actor plus adaptation at that level. Furthermore, it seems that she
has adopted the stronger engineering definition of adaptation.

Eldredge (1985, 134, 196) also argues that species selection does
not happen unless there are species-level adaptations. Eldredge
(1985, 133) rejects certain cases as higher-level selection processes
overall because ““frequencies of the properties of lower-level indivi-
duals which are part of a high-level individual simply do not make
convincing higher-level adaptations.” Vrba, Eldredge, and Gould all
defined a unit of selection as requiring an emergent, adaptive prop-
erty. This amounts to asking a combination of the interactor and
manifestor-of-adaptation questions.

But consider the lineagewide trait of variability. Treating species as
interactors has a long tradition (Thoday 1953, Dobzhansky 1956,
Lewontin 1958). If species are conceived as interactors (and not
necessarily manifestors-of-adaptations), then the notion of species
selection is not vulnerable to Williams’s original anti-group-selection
objections. As Williams (1992, 27) remarks, “‘the answer to these
difficulties must be found in Lloyd’s idea that higher levels of
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selection depend, not on emergent characters, but on any and all
emergent fitnesses.” The old idea was that lineages with certain
properties of being able to respond to environmental stresses would
be selected for, that the trait of variability itself would be selected
for, and that it would spread in the population of populations. In
other words, lineages were treated as interactors.

The earlier researchers spoke loosely of adaptations whereby
adaptations were treated in the weak sense as equivalent simply to
the outcome of selection processes (at any level). They were explicitly
not concerned with the effect of species selection on organismic level
traits but with the effect on species-level characters such as specia-
tion rates, lineage-level survival, and extinction rates of species. Lloyd
and Gould (1993) argue that this sort of case represents a perfectly
good form of species selection even though some balk at the thought
that variability would then be considered, under a weak definition, a
species-level adaptation (cf. Lloyd [1988] 1994).

Vrba (1989) also eventually recognized the advantages of keeping
the interactor question separate from a requirement for an engi-
neering-type adaptation. In her more recent review article, she has
dropped her former requirement that in order for species to be units
of selection, they must possess species-level adaptations. Ulti-
mately, her current definition of species selection is in conformity
with a simple interactor interpretation of a unit of selection
(cf. Damuth and Heisler 1988; Lloyd [1988] 1994).

It is easy to see how the two-pronged definition of a unit of
selection — as interactor and manifestor-of-adaptation — held sway for
so long in the species selection debates. After all, it dominated much
of the group selection debates until just recently. Some of the con-
fusion and conflict over higher-level units of selection arose because
of a historical contingency — Wynne-Edwards’s implicit definition of a
unit of selection and the responses it provoked.

3.3  Genic Selection: The Originators

One may understandably think that Dawkins is interested in the
replicator question because he claims that the unit of selection
ought to be the replicator. This would be a mistake. Dawkins is
interested primarily in a specific ontological issue about benefit. He
is asking a special version of the beneficiary question, and his
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answer to that question dictates his answers to the other three
questions flying under the rubric of the ““units of selection.”

Briefly, Dawkins argues that because replicators are the only
entities that ‘“survive” the evolutionary process, they must be the
beneficiaries. What happens in the process of evolution by natural
selection happens for their sake, for their benefit. Hence, interactors
interact for the replicators’ benefit, and adaptations belong to the
replicators. Replicators are the only entities with real agency as
initiators of causal chains that lead to the phenotypes; hence, they
accrue the credit and are the real units of selection.

Dawkins’s version of the units of selection question amounts to a
combination of the beneficiary question plus the manifestor-
of-adaptation question. There is little evidence that he thinks he is
answering the predominant interactor question; rather, he argues
that people who focus on interactors are laboring under a mis-
understanding of evolutionary theory. One reason he thinks this
might be that he takes as his opponents those who hold a combi-
nation of the interactor plus manifestor-of-adaptations definition of
a unit of selection (e.g., Wynne-Edwards). Unfortunately, Dawkins
ignores those who are pursuing the interactor question alone; these
researchers are not vulnerable to the criticisms he poses against the
combined interactor-adaptation view.

Dawkins (1982b, 113-16) believes that interactors, which he calls
““vehicles,” are not relevant to the units of selection problem. The
real units of selection, he argues, should be replicators, ‘“the units
that actually survive or fail to survive.” Organisms or groups as
““vehicles” may be seen as the unit of function in the selection
process, but they should not, he argues, be seen as the units of
selection because the characteristics they acquire are not passed on
(Dawkins 1982b, 99). Here, Dawkins is following Williams’s (1966,
109) line. Genotypes have limited lives and fail to reproduce them-
selves because they are destroyed in every generation by meiosis and
recombination in sexually reproducing species; they are only tem-
porary. Hence, genes are the only units that survive in the selection
process. The gene (replicator) is the real unit because it is an ““indi-
visible fragment’’; it is “potentially immortal” (Williams 1966, 23—
24; Dawkins 1982b, 97).

The issue, for Dawkins (1982b, 82), is whether, “when we talk
about a unit of selection, we ought to mean a vehicle at all, or a
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replicator.” He clearly distinguishes the dispute he would like to
generate from the group-versus-organismic selection controversy,
which he characterizes as a disagreement ““about the rival claims of
two suggested kinds of vehicles.” In his view, replicator selection
should be seen as an alternative framework for both organismic and
group selection models.

There are two mistakes that Dawkins is not making. First, he
does not deny that interactors are involved in the evolutionary
process. He emphasizes that it is not necessary, under his view, to
believe that replicators are directly ‘‘visible” to selection forces.
Dawkins (1982b, 176) has recognized from the beginning that his
question is completely distinct from the interactor question. He
remarks, in fact, that the debate about group versus organismic
selection is ““a factual dispute about the level at which selection is
most effective in nature,”” whereas his own point is “about what we
ought to mean when we talk about a unit of selection.” Dawkins
(1982a, 46-47) also states that genes or other replicators do not
“literally face the cutting edge of natural selection. It is their
phenotypic effects that are the proximal subjects of selection.”

Second, Dawkins does not specify how large a chunk of the ge-
nome he will allow as a replicator; there is no commitment to the
notion that single genes are the only possible replicators. He argues
that if Lewontin, Franklin, Slatkin, and others are right, his view
will not be affected (see Section 2.2). If linkage disequilibrium is very
strong, then the “effective replicator will be a very large chunk
of DNA” (Dawkins 1982b, 89). We can conclude from this that
Dawkins is not interested in the replicator question at all; his claim
here is that his framework can accommodate any of its possible
answers.

On what basis, then, does Dawkins reject the question about
interactors? I think the answer lies in the particular question in
which he is most interested, namely, what is “the nature of the
entity for whose benefit adaptations may be said to exist?”” On
the face of it, it is certainly conceivable that one might identify the
beneficiary of the adaptations as — in some cases, anyway — the
individual organism or group that exhibits the phenotypic trait
taken to be the adaptation. In fact, Williams (1966) seems to have
done just that in his discussion of group selection. But Dawkins
19824, 60) rejects this move, introducing an additional qualification
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to be fulfilled by a unit of selection; it must be “‘the unit that actually
survives or fails to survive.” Because organisms, groups, and even
genomes are destroyed during selection and reproduction, the
answer to the survival question must be the replicator. Strictly
speaking, this is false; it is copies of the replicators that survive. He
therefore must mean replicators in some sense of information and
not as biological entities (see Hampe and Morgan 1988).

But there is still a problem. Although Dawkins (1982a, 60) con-
cludes, “there should be no controversy over replicators versus
vehicles. Replicator survival and vehicle selection are two aspects of
the same process,” he does not just leave the vehicle selection
debate alone. Instead, he argues that we do not need the concept of
discrete vehicles at all. The important point is that, on Dawkins’s
analysis, the fact that replicators are the only survivors of the
evolution-by-selection process automatically answers also the ques-
tion of who owns the adaptations. He claims that adaptations must be
seen as being designed for the good of the active-gene-line replicator
for the simple reason that replicators are the only entities around long
enough to enjoy them over the course of natural selection.

Dawkins (1982b, 114) acknowledges that the phenotype is ‘“the all
important instrument of replicator preservation,” and that genes’
phenotypic effects are organized into organisms (that thereby might
benefit from them in their lifetimes). But because only the active
germ-line replicators survive, they are the true Iocus of adaptations
(Dawkins 1982b, 113; emphasis added). The other things that benefit
over the short term (e.g., organisms with adaptive traits) are merely
the tools of the real survivors, the real owners. Hence, Dawkins
rejects the vehicle approach partly because he identifies it with
the manifestor-of-adaptation approach, which he has answered by
definition, in terms of the long-term beneficiary.

The second key aspect of Dawkins’s views on interactors is that
he seems to want to do away with them entirely. Dawkins (1982b,
116) is aware that the vehicle concept is ““fundamental to the pre-
dominant orthodox approach to natural selection.” Nevertheless, he
rejects this approach in The Extended Phenotype, claiming that
the ““main purpose of this book is to draw attention to the weak-
nesses of the whole vehicle concept” (Dawkins 1982b, 115). But his
‘vehicle”” approach is not equivalent to “‘the interactor question”’; it
encompasses a much more restricted approach.
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In particular, when Dawkins (1982b, 5, 55) argues against “‘the
vehicle concept,” he is only arguing against the desirability of
seeing the individual organism as the one and only possible vehicle.
His target is explicitly those who hold what he calls the ““Central
Theorem,”” which says that individual organisms should be seen
as maximizing their own inclusive fitness. Dawkins’s arguments
are indeed damaging to the Central Theorem, but they are inef-
fective against other approaches that define units of selection as
interactors.

One way to interpret the Central Theorem is that it implies that
the individual organism is always the beneficiary of any selection
process. Dawkins seems to mean by ‘‘beneficiary’”” both the mani-
festor-of-adaptation and that which survives to reap the rewards of
the evolutionary process. He argues, rightly and persuasively, I
think, that it does not make sense always to consider the individual
organism to be the beneficiary of a selection process.

But it is crucial to see that Dawkins (1982b, 189) is not arguing
against the importance of the interactor question in general, but
rather against a particular definition of a unit of selection. The view
he is criticizing assumes that the individual organism is the inter-
actor, and the beneficiary, and the manifestor-of-adaptation. Con-
sider his main argument against the utility of considering vehicles:
the primary reason to abandon thinking about vehicles is that it
confuses people. But look at his examples; their point is that it is
inappropriate always to ask how an organism’s behavior benefits
that organism’s inclusive fitness. We should ask instead, says
Dawkins (1982b, 80), ““whose inclusive fitness the behavior is ben-
efiting.” He states that his purpose in this book is to show that
“theoretical dangers attend the assumption that adaptations are for
the good of ... the individual organism’’ (Dawkins 1982b, 91).

So, Dawkins is quite clear about what he means by the ““vehicle
selection approach’’; it always assumes that the organism is the
beneficiary of its accrued inclusive fitness. Dawkins advances
powerful arguments against the assumption that the organism is
always the interactor cum beneficiary cum manifestor-of-adapta-
tions. This approach is clearly not equivalent to the approach to
units of selection characterized as the interactor approach. Unfor-
tunately, Dawkins extends his conclusions to these other approaches,
which he has, in fact, not addressed. Dawkins’s lack of consideration
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of the interactor definition of a unit of selection leads to two grave
problems with his views.

One problem is that he has a tendency to interpret all group
selectionist claims as being about beneficiaries and manifestors-of-
adaptations as well as interactors. This is a serious misreading of
authors who are pursuing the interactor question alone. Consider,
for example, Dawkins’s (1982b, 85) argument that groups should not
be considered units of selection:

To the extent that active germ-line replicators benefit from the survival of
the group of individuals in which they sit, over and above the [effects of
individual traits and altruism], we may expect to see adaptations for the
preservation of the group. But all these adaptations will exist, fundamen-
tally, through differential replicator survival. The basic beneficiary of any
adaptation is the active germ-line replicator.

Notice that Dawkins begins by admitting that groups can function
as interactors, and even that group selection may effectively produce
group-level adaptations. The argument that groups should not be
considered real units of selection amounts to the claim that the
groups are not the ultimate beneficiaries. To counteract the intuition
that the groups do, of course, benefit, in some sense, from the adap-
tations, Dawkins uses the terms “fundamentally’”” and “basic,” thus
signaling what he considers the most important level. Even if a group-
level trait is affecting a change in gene frequencies, ‘it is still genes
that are regarded as the replicators which actually survive (or fail to
survive) as a consequence of the (vehicle) selection process” (Dawkins
1982b, 115). Thus, the replicator is the unit of selection, because it is
the beneficiary, and the real owner of all adaptations that exist.

Saying all this does not, however, address the fact that other
researchers investigating group selection are asking the interactor
question and sometimes also the manifestor-of-adaptation question,
rather than Dawkins’s special version of the (ultimate) beneficiary
question. He gives no additional reason to reject these other ques-
tions as legitimate; he simply reasserts the superiority of his own
preferred unit of selection. In sum, Dawkins has identified three
criteria as necessary for something to be a unit of selection: it must
be a replicator; it must be the most basic beneficiary of the selection
process; and it is automatically the ultimate manifestor-of-adapta-
tion through being the beneficiary.
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NOTE

Note that Williams says that “natural selection would produce or
maintain adaptation as a matter of definition” (1966, 25; cf. Mayr
1976). This comment conflicts with the conclusions Williams draws
in his discussion of Waddington; however, Williams later retracts his
bithorax analysis (1985). Williams is committed to an engineering
definition of adaptation (personal communication 1989).
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