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characterization of selection is unpacked, drift is excluded. An entity counts
as an interactor only if it is functioning as one in the process in question. It
is not enough that in past interactions it functioned as an interactor. Thus,
if changes in replicator frequencies are not being caused by the interactions
between the interactors they produced and their environments, then these
changes are not the result of selection. In instances of drift, there may be
genes and organisms, but there are no interactors, only replicators.

Like Dawkins’s notion of replicator, interactor is defined with sufficient
generality that it is not necessarily limited to one common-sense level of
organization. Certainly organisms are paradigm interactors, but entities at
other levels of the traditional organizational hierarchy can also function as
interactors. Genes, chromosomes, and gametes interact with their environ-
ments just as surely as do organisms, and these interactions can influence
replication frequencies. Entities more inclusive than organisms can also
function as interactors—e.g., colonies, hives, and other forms of kinship
groups. If the traditional organizational hierarchy is retained, then both
replication and interaction wander from level to level. The obvious solution
to this state of affairs is to replace the traditional organizational hierarchy
with a hierarchy whose levels are delimited in terms of the evolutionary
process itself.

The distinction between replication and interaction is important because
it helps to disambiguate the phrase “unit of selection.” When gene selec-
tionists say that genes are the primary units of selection, they mean that
genes are the primary units of replication. They do not mean to assert
that they are the only or even primary units of interaction. For example,
Williams (1966) emphasizes the role of genes in replication without propos-
ing that evolution is nothing but changes in gene frequencies. Organisms
play as large a role in his discussion as in the writings of his critics, in
some cases more so. Conversely, when organism selectionists insist that
organisms are the primary units of selection, they mean that organisms are
the primary focus of interaction, not of replication. Similar remarks hold
with respect to group selection. When Wilson (1975) insists that colonies
can function as units of selection, he does not mean that they are repli-
cators; he means that they form higher-level interactors. Some species
selectionists seem to maintain that species can sometimes function as repli-
cators, others that they might well function as interactors (Dawkins 1982a;
Eldredge 1985; Williams 1985).

Although distinguishing replicators from interactors helps to clarify the
disagreements between advocates of various sorts of selection, it does not
eliminate them completely. Proponents of group selection insist that close
kin form groups and that these groups function as interactors in the evolu-
tionary process. Organism selectionists counter that everything that needs
to be said about kin selection can be said in terms of the inclusive fitness of
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individual organisms. The difference is between kin-group selection and kin
selection. Gene selectionists dismiss inclusive fitness as a sop that Hamilton
(1964a, b) threw to organism selectionists. Gene selectionists acknowledge
that both replication and interaction function in the evolutionary process,
but they maintain that evolutionary theory can, at bottom, be couched
entirely in terms of replication, and that any causal processes that do not
eventuate in changes in replicator frequencies (usually gene frequencies)
simply do not matter. Opponents of genic selectionism, including Wimsatt
(1980) and Sober and Lewontin (1982), admit that reference to changes in
gene frequencies is adequate for the “bookkeeping” aspect of selection but
insist that the bookkeeping aspect by itself leaves out too much of the
causal story. They want to expand the axioms of evolutionary theory to
include reference to the causal relations responsible for evolution’s taking
place the way that it does. Williams (1985, p. 2) is content with evolution-
ary theories limited to the bookkeeping aspect and finds the criticisms of
such theories by Wimsatt (1980) and Sober and Lewontin (1982) to be
based on “unrealistic expectations.” Genic selectionists also seem to fear
that including explicit reference to the causal interface between interactors
and their environments will complicate evolutionary theory prohibitively,
possibly even challenging the Weismann barrier.

Strangely enough, the most vocal defenders of the necessary role of
organisms (or, more generally, interactors) in the evolutionary process—
in opposition to what they see as an overemphasis on genes (or, more
generally, replicators)—are also among those who are most skeptical
about evolutionary “just so stories” (e.g., Gould and Lewontin [1979]),
while several of the strongest advocates of genic selectionism see nothing
wrong with evolutionary scenarios (Dawkins [1982b], Ridley [1983], Wil-
liams [1985]). Defenders of the role of organisms in evolution warn that
many of the characteristics that evolutionary biologists claim are adap-
tations might well be nothing but effects. In addition, the ease with which
adaptationist scenarios can be constructed to explain particular adapta-
tions casts considerable doubt on the entire program. Hence, they con-
clude that we cannot leave organisms and their adaptations out of the
evolutionary story, but we must include reference to them only with great
care. Defenders of the adequacy of genes in setting out the basic axioms of
cvolutionary theory do not think that discerning organismic adaptations is
all that problematic. Although organisms and their adaptations do not play
a central role in the fundamental axioms of evolutionary theory, secondary
reference to them is nevertheless scientifically reputable. At the risk of
pulting too fine a point on the dispute, Williams (1985, pp. 2, 15) thinks
that his critics are too optimistic about the potentialities of evolutionary
theory and too pessimistic about the legitimacy of adaptive scenarios.

[ find mysell in partial agreement with both sides of this dispute. I think
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that any adequate theory of evolution must include reference to the
interactor-environment interface (Odling-Smee and Plotkin 1984), but that
the inclusion of such reference need not complicate evolutionary theory
any more than including reference to replication does. It is certainly true
that interactions are as varied as the myriad causal situations that give rise
to the incredible array of adaptations that makes the study of biology so
endlessly fascinating, but the information contained in the genetic makeup
of organisms for these adaptations is just as multifarious. The introduction
of either sort of complexity into the general characterization of the evolu-
tionary process would be lethal, but no such introduction is necessary. In
both cases, all that must actually be included in formal statements of
evolutionary theory are the general characteristics of replicators and inter-
actors and how they are interrelated. Only when this general theory is
applied to particular cases is the actual informational content of the replica-
tors and the causal situations that produced the particular adaptations
relevant. Scientific theories are general. Their applications are contingent
and often idiosyncratic.?

With respect to applications, I see no reason to shy away from claiming
that a particular characteristic arose as an adaptation to a putative past
environment, even though such claims may often be false. In most cases,
little rides on the correctness of particular adaptationist scenarios. Showing
that processes other than replication and interaction are actually respon-
sible for biological evolution would be of prime importance. It would bring
into question our basic conception of the evolutionary process. Detailing
difficulties in applying evolutionary theory is of secondary importance. All
scientific theories are difficult to apply. Inferences to particular cases must
be possible if evolutionary theory is to be testable, but such testing need
not be easy or automatic. Critics of evolutionary theory are not content
with its being falsifiable. They insist that it must be easily falsifiable, when
no scientific theory is easily falsifiable.

However, adaptationist scenarios are so fascinating that they often
seduce biologists into ignoring even more fundamental aspects of the
evolutionary process. Also, there is a tendency to think that adaptationist
scenarios have greater warrant than they actually have. For most species,
such misplaced confidence is unlikely to do must harm. However, similar
mistakes in the context of the human species can do considerable damage.
We may be innately territorial or sexually dimorphic in socially relevant
ways. We may be, but the substantiation available for such claims is not all
that impressive. Social policies based on such shaky ground are likely to be
misconceived and the results deleterious. But to repeat my general point:
The general notion of adaptation is central to a selectionist view of evolu-
tion. Questions about which particular structures arose as adaptations to
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which particular environmental changes are relevant only to the testing of
selectionist versions of evolutionary theory.

Although Dawkins has come to accept the distinction between repli-
cators and interactors, he prefers a somewhat different terminology: “My
main concern has been to emphasize that, whatever the outcome of the
debate about organism versus group as vehicle, neither the organism nor
the group is a replicator. Controversy may exist about rival candidates for
replicators and about rival candidates for vehicles, but there should be no
controversy over replicators versus vehicles. Replicator survival and vehicle
selection are two aspects of the same process.” (Dawkins 1982a, p. 60)

Once the distinction between replicators (on the one hand) and vehicles
or interactors (on the other hand) is made, the issues that divide present-
day evolutionary biologists can be stated more clearly. Of course, this
distinction does not decide these issues. Slight differences in how the
distinction is drawn can influence the resulting resolutions. As Kawata
(1987) points out, Dawkins’s vehicles and my interactors are not precisely
equivalent concepts. According to Dawkins, genes are replicators, not vehi-
cles. They ride around in vehicles, directing their behavior. On my account,
genes are both replicators and interactors. If genes are anything, they are
entities that interact with their environments in such a way as to bias their
own replication. In one place, Dawkins (1982a, p. 45) notes that the wings
of birds are for flying and then asks, “What are DNA molecules for?” He
answers that “DNA is not ‘for” anything. If we wish to speak teleologically,
all adaptations are for the preservation of DNA; DNA itself just is.” Yes
and no. Organisms are characterized by adaptations. So are molecules of
DNA. They are extremely well adapted to replicate. The major effect of
this replication is, as Dawkins insists, the preservation of the structure of
DNA. Once it is recognized that one and the same entity can function both
as a replicator and as an interactor, the image of genes riding around in
vehicles becomes less persuasive.

Sober (1984, pp. 253—255) also complains that Dawkins defines his
terms in ways to guarantee that organisms cannot possibly function as
replicators. One reason that Dawkins has for rejecting organisms as repli-
cators is meiosis. At meiosis, parental genomes are dismembered; then new
genomes are reassembled at fertilization. If retention of structure largely (or
totally) intact is necessary for replicators, then only small sections of the
genome can function as replicators in cases of sexual reproduction in
genetically heterogeneous populations. Both restrictions should be noted.
Dawkins’s central argument for genes being the only replicators applies
only to organisms when they reproduce sexually. If genes are the only
replicators in cases of asexual reproduction, he needs an additional argu-
menl. His central argument also does not apply to sexual reproduction in

penetically homogeneous populations. Although crossover can occur in
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such populations, it makes no difference to the structure of the resulting
genomes. However, as Williams (1985, p. 5) notes, even in such cases,
phenotypes “can play no role in bookkeeping because, even in a clone, the
successive generations of phenotypes may be markedly different because
of environmental variables that affect development.”

The best example of an organism functioning as a replicator is the direct
transmission of a phenotypic change to successive generations through
fission. For example, if a portion of the cortex of a paramecium is surgically
removed and reinserted with the cilia facing the opposite direction, this
phenotypic change is transmitted to subsequent generations. In light of this
example, Dawkins (1982b, p. 177) responds as follows:

If, on the other hand, we look at underlying replicators, in this case
perhaps the basal bodies of cilia, the phenomenon falls under the
general heading of replicator propagation. Given that macromolecular
structures in the cortex are true replicators, surgically rotating a por-
tion of cortex is analogous to cutting out a portion of chromosome,
inverting it, and putting it back. Naturally the inversion is inherited,
because it is part of the germ-line. It appears that elements of the
cortex of Paramecium have a germ-line of their own, although a
particularly remarkable one in that the information transmitted does
not seem to be encoded in nucleic acid.

When Dawkins (1976) introduced the term replicator, he intended it to be
more general than gene. Although genes, as they are currently understood,
may not be limited to the nucleus, they are limited to nucleic acids—DNA
and RNA. The basal bodies of cilia do not count as genes, but they might
well count as replicators and form a “germ-line” of their own. Even so, in
the paramecium example, the inverted cortex is not being transmitted
indirectly via the basal bodies but directly. Obviously something must be
going on at lower levels of analysis when a paramecium splits down the
middle to form two new organisms, but I fail to see why this fact counts
against treating organisms in this situation as replicators. After all, even
though entities less inclusive than genes are involved in genetic replication,
it does not follow that genes are not replicators. Standards should not
be invoked for organisms more stringent than those applied to genes.
Organisms behave in ways that make them candidates for replicators
seldom enough without ruling them out by definition. As it turns out, in
the most common situation in which one might want to view organisms as
replicators—asexual reproduction via fission—it makes no difference. In
asexual reproduction, usually the entire genome functions as a single repli-
cator, and there is a one-to-one correlation between genomes and phe-
nomes. Hence, the numbers will always turn out to be the same.

A second reason that organisms are not very good candidates for repli
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cators concerns the different senses in which genes and organisms can be
said to “contain information” in their structure. Genes do not code in
a one-to-one fashion for phenotypic traits. Given a particular genome,
numerous alternative phenomes are possible depending on differences in
the environment. Given any one gene, numerous different alternative traits
are possible depending on difference in the environment as well as else-
where in the genome. The net effect is that both individual genes and entire
genomes code for reaction norms, not for specific traits or phenomes. In
this sense, the information in a genome is largely “potential.” In any
one instance of translation, these reaction norms are narrowed to one
eventuality, to a single phenome. All other possibilities, equally “pro-
grammed” into the genetic material, are not realized. To use Wimsatt's
felicitous terminology, each genotoken gets to produce a single pheno-
token. The net effect is the loss of nearly all the potential information in the
genome. The only information that an organism as a replicator can pass on
is the information realized in its structure. (For an exhaustive treatment of
the role of “information” in evolution, see Brooks and Wiley 1986.)

Both Dawkins (1982b) and I (Hull 1976, 1978a) have been concerned to
break the hold that a fairly narrow conception of organisms has on the
minds of many evolutionary biologists, but toward different ends. Accord-
ing to Dawkins, nests and mating calls are as much a part of a bird's
phenotype as are its beak and webbed feet. In response to Gould’s (1977)
claim that selection cannot see genes and pick among them directly but
must use bodies as an intermediary, Dawkins (1982a, p. 58) retorts: “Well,
it must use phenotypic effects as intermediaries, but do they have to be
bodies? Do they have to be discrete vehicles at all?” In answering No to
both questions, Dawkins plays down the role in evolution of organisms as
discrete bodies or even as vehicles. I have argued at some length that
organisms are not as discrete, unitary, and well organized as we tend to
assume in order to urge a role for entities more inclusive than single
organisms as interactors, not in order to question the role of organisms as
paradigmatic interactors. Dawkins (1982b) and Williams (1985) argue that
organisms can never function as replicators in the evolutionary process.
Although I am not willing to go this far, [ agree that when organisms do
function as replicators, the effects of organismal replication are likely not to
be extensive.

The point of the preceding discussion has been to show why traditional
conceptions are not adequate for biological evolution strictly construed. If
simplistic notions of genes, organisms, and species are not adequate for
ordinary biological evolution, then they are surely not adequate for con-
struing social learning as a selection process. But before turning to this
topic, I need to present at least one particular example of the improved

understanding, that my revised conceptual apparatus brings to biological
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phenomena. One of the major topics in recent literature in population
biology has been explanations of the prevalence of sexual reproduction.
The problem can be stated quite simply. If the name of the game in
biological evolution is to pass on one’s genes, then sexual reproduction is
a very inefficient way of accomplishing this end, because sexual reproduc-
tion has a 50 percent cost. At any locus where the male and the female
differ, each has only a 50-50 chance of passing on its alleles rather than
those of its mate. Conversion from sexual reproduction to parthenogenesis
would double the contribution of a female to future generations. So, though
in theory sexual reproduction should be quite rare, in fact it is “almost
universal” (Maynard Smith 1971, p. 165).

The problem is so acute that evolutionary biologists who are strongly
inclined to dismiss group selection in other contexts are forced back on this
mechanism for the evolution of sex. For example, Williams (1971, p. 161)
concludes: “Sexual reproduction must stand as a powerful argument in
favor of group selection, unless someone can come up with a plausible
theory as to how it could be favored in individual selection. And if group
selection can produce the machinery of sexual reproduction, it ought to be
able to do many other things as well.”

Among the many things that group selection has been introduced to
explain is the evolution of sociality and, with it, the rise in importance of
social learning. Hence, sex and society are intimately connected in theoriz-
ing about the evolutionary process. But in the preceding discussion, the
most important premise gets slipped in when no one is noticing, i.e., that
sexual forms of reproduction are prevalent. As my earlier discussion indi-
cates, sexual reproduction is a relatively recent innovation. For three-
quarters of the existence of life on Earth, the sole form of reproduction was
asexual. If one looks at every measure save one, it is still extremely
common. If one looks at number of organisms, amount of energy trans-
duced, biomass, etc., asexual reproduction remains extremely prevalent.
Only if one compares numbers of species do sexual forms of reproduction
turn out to be “nearly universal” But asexual organisms do not form
species of the sort that exist among sexual organisms. To be sure, systema-
tists group all organisms in species (taxospecies); however, as far as real
groupings in nature are concerned, asexual organisms do not form genea-
logical units of the sort formed by sexual organisms.

The difference between asexual and sexual reproduction is fundamental.
As Maynard Smith (1971, p. 163) notes, “At the cellular level, sex is
the opposite of reproduction; in reproduction one cell divides into two,
whereas it is the essence of the sexual process that two cells should fuse to
form one.” In fact, the differences are so fundamental that many authors
argue that the same term should not be applied to both. Either sexual or

asexual reproduction is not really “reproduction.”” Tlence, one solution to

Interactors versus Vehicles 35

the problem of the prevalence of sex when meiosis exacts a 50 percent cost
is that it is not prevalent. It is as rare as it should be given its cost. The
reason why it took as long for sex to evolve is that it is advantageous in
only very special circumstances. In fact, it took only a little over a billion
years for the first living creatures to evolve. It took almost 3 billion years
more for sexuality to make an appearance. If the time it takes for something
to evolve is any measure of its evolutionary advantage, sexual reproduc-
tion may not be all that advantageous. Hence, from this perspective,
Williams’s (1985, p. 103) explanation of sexuality in vertebrates begins
to sound more plausible. According to Williams, sexual reproduction in
derived low-fecundity organisms such as vertebrates is “a maladaptive
feature, dating from a piscine or even protochordate ancestor, for which
they lack the preadaptations for ridding themselves.”

The usual response to the preceding observations is that something has
gone wrong. Sexual reproduction evolved quite early and has been wide-
spread throughout the history of life on Earth. After all, forms of parasexual
reproduction exist among extant blue-green algae. There is no reason to
assume that such forms of gene exchange were any less prevalent in the
past. In the first place, mere gene exchange does not pose the same
problem as meiosis. The issue is the cost of meiosis. And by all indications
gene exchange among prokaryotes is extremely rare, ranging from one cell
in 240,000 replications to one in 20 million. If such rare occurrences of gene
exchange are sufficient to label an entire higher taxon “sexual,” then Jack-
son et al. (1986) are just as warranted in labeling an entire group “clonal”
just because a few forms exhibit clonality. One need not argue that sexual
reproduction evolved quite early and is nearly universal in order to recog-
nize it as an important innovation in biological evolution. Even though it
is a relatively recent innovation and still quite rare, it served as an “evolu-
tionary trigger” to give rise to species and, through them, to much of the
diversity of life that we see all around us.

On the view that I am urging, replicators should be compared with
replicators, interactors with interactors, and lineages with lineages. When
one makes such comparisons, the results are quite different than when one
compares genes with genes, organisms with organisms, or species with
species. For one thing, sexual reproduction becomes “rare.” Although their
terminology is different, those authors who have looked at clonal orga-
nisms have been forced to make very similar distinctions. When the authors
in Jackson et al. 1986 look at evolution in clonal organisms, they are forced
to distinguish between ramets and genets. They compare. ramets with
ramets and genets with genets in estimating such things as fitness and the

speed of evolutionary change. The effects of this change in perspective are
dramatic in biological evolution. They should be no less pervasive when
one turns one’s atlention Lo social learning, as a selection process




