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1 Introduction

For some years now there has been a dispute running among biologists and
philosophers of biology concerning the unit(s) of natural selection. It is a
complex issue that involves many intewoven and sometimes unclear lines of
argument. Several authors have tried to confine the matter to a generalized
discussion of the conditions that a unit of selection should meet, leaving open
the empirical issue of which biological entities actually manage to fulfill the
requirements. Such a general discussion would in be based on the idea that a
unit of selection can be found at whatever level of organization one can
sensibly ascribe heritable variation in fitness between competing entities; this
includes such dissimilar entities as genes, genotypes, traits, organisms,
groups, species, etc. There is, however, in concepts such as fitness a sea of
confusion that allows the interpretational disagreements one finds. General
(definitional) discussions of what the unit of selection is leave on the same
footing disputes that are of dissimilar nature, they mistakenly assume that
genes” causal role in evolutionary processes is to be judged by the same
criteria as the roles played by traits and entities of other organizational
levels.

A recent widespread position has been the so called "hierarchical’™ one, which
proposes that causal responsibility of natural selection can in principle be
attributed to any of the mentioned entities, leaving to empirical adequacy (or
convention) the decision of which one is to be chosen as explanatory in a given
selection process. It will be an aim of this essay to show that genic
selectionism is not a proper participant in this dispute, as several authors
take 1t to be. It is not the role of the exclusive bearer of fitness, or of the
properties that are sources of fitness, that this position claims for genes.
Genic selectionism is rather a claim about the causal (probabilistic) substratum
that permit selective processes to have evolutionary significance. It refers
basically to the fact that at whatever level of organization we might find the
properties that natural selection pressures are picking out, evolution will
require the simultaneous sorting of units with both causal influence over those
properties and hereditary powers (i.e. genes or, more generally, replicators).
Furthermore, the position holds that the latter will always be one fundamental
component of the two part process. Richard Dawkins for instance was pointing to
a real distinction, albeit In his strange wording, when he wrote that



the conventional dispute between group selection and individual selection
is different in category from the apparent dispute between individual
selection and gene selection . It is wrong to think of the three as
arranged on a single dimensional ladder, such that words as above and
below have transitive meaning. 1 shall show that the well-aired dispute
between group and individual is concerned with what 1 shall call "vehicle
selection™ and can be regarded as a factual biological dispute about units
of natural selection. The attack "from below" on the other hand is really
an argument about what we ought to mean when we talk about a unit of
natural selection(Dawkins,1982,p.82).
Vehicle selection, or as Hull prefers, "interactor™ selection is meant to refer
to what intuitively one would choose as the entity that, in a selection process,
bears the property that makes the difference for survival and/or reproduction.
The acceleration capacity of an organism, the average temperature of a group,
the extinction rate of a family. In Elliot Sober®s terms, it would be related to
the immediate property responsible for (the source of) the fitness of all
correlated biological units under the given selection pressure. Genic
selectionism need not dispute such immediate causal role of different level
properties, which can be synthetically described by the versatility of a concept
like fitness. Genic selectionism, as Dawkins has insisted, is about a parallel
process of "replicator selection”. And there is a sense in which this kind of
selection has explanatory primacy for evolutionary transformations, as It is in
the end the responsible for the persistence of favourable trait-varieties. The
amazing power of accumulation that natural selection has is due to the existence
of hereditary factors that are in various degrees responsible for biological
traits or properties. That a given particularity of a trait can re-appear in the
descendants of the bearer is due to the possession by these of similar genetic
information. That differential survival and replication of genetic elements play
a specially significant role in evolution is beyond doubt, the point genic
selectionists try to establish is that such elements have a causal or active
role in their destiny, and not the passive one that some authors see, and that
some of the terms used to refer to it (like ''genetic reaction’™) tend to suggest.
Richard Dawkins has been particularly concerned with the defense of such causal
claim.
To expose the specific sense in which one can affirm that genes (or genetic
information) are responsible for their fate in the gene pools of evolving
populations he devised the term "active germ-line replicator"™, with its clear



Weissmanian implications. And it is precisely such causal and explanatory claim
that has recently been challenged by several authors, among which Elliot Sober
is prominent. Under the banner of a hierarchical view of natural selection,
these authors argue against the granting of a special status to genes in the
causal workings of evolutionary processes. My intention In this essay is to
defend genic selectionism mainly against some of Sober®s arguments. My main line
of defense is based on the necessity of what is referred to by biologists as
heritability (of traits, of fitness) for evolutionary change. It is heritability
that gives substance to genic selectionists” causal claims, and it is the
overarching necessity of heritability for evolution (whatever the "level" of
property selection) that justifies the different explanatory status of genic
selectionism. It is the genes®™ capacity of behaving as units of populational
causal influence in the long run that genic selectionism stresses. Such capacity
is due to their unique position at the vertex of the interaction and the
replication causal chains. ITf vehicle (trait) selection is understood as
interdependent with the sorting of genes (replicators), the coordination of the
two causal processes has to be properly understood. Heritability is the
synthetic term biologists use to refer to such coordination. Evolution occurs
when selected for vehicle traits are consistently (i.e. causally) correlated
with specific alleles. This fact is in the end what makes the causal
contribution of both processes possible. Genes®(replicators®) causal role in
enhancing its kind"s probabilities of survival and reproduction is, 1 will
conclude, a precondition of evolution. Given that they are, so to speak, the
ultimate bearers (units) of heritability, they have a probabilistic causal role
to play in all evolutionary processes. There is, | think, no denial of this open

to Darwinists.

11 Replicators and Vehicles

Most biologists would nowadays agree that a good shorthand formula that
describes evolution is "the change in frequencies of alleles in a population®s
gene pool™. Another formulation widely accepted is that of the conditions for
evolution to be produced by natural selection: that there be "differential
reproduction of heritable fitness variation'". As it happens, the causal appeal
that distinguishes driven "deterministic" selection processes from purely
statistical error sampling (drift) relies on an appeal to such a troublesome
concept as fTitness differences. Some authors have tried to avoid the problem by
making use of statistical concepts (as '‘nonrandom™ or "consistent™) to qualify
natural selection processes, and recently Hodge(1987) emphatically defended the



use of "nonfortuitous™ as the proper qualification for differential reproduction
of heritable variation due to natural selection, because it stresses the causal
character of the difference. The analysis of what the causal appeal in this case
amounts to is central for the understanding of how explanations of evolution
through natural selection are ultimately justified. Parallel to the so called
"logic" of inferences based on natural selection, there is the task of giving a
satisfactory general account of its causal workings. Much of the recent outburst
of interest in the philosophical analysis of evolutionary theory has focused on
this area, either on explications of concepts like fitness or adaptation, or on
the question of at what levels and for what units natural selection exercises
its sorting powers'.(1)

The nonfortuitous differential reproduction of heritable variation determines
frequencies of alleles in gene pools. This means that the survival and
reproductive advantages that certain trait-varieties(or properties) provide to
their bearers over their competitors, with alternative trait-varieties, are, in
a sense, advantages of the genes (alleles) correlated with such trait-varieties
against their allelic rivals. This correlation is what is meant by heritability
of the trait-variety as a condition for its long term causal efficacy under
natural selection. A given gene or group of genes should thus be able to re-
produce more often if its associated trait(s) is/are favoured by selection. Many
authors have found convenient for the analysis of evolutionary processes the
separate consideration of the two correlated elements (genes and traits) and
some have even insisted that both roles, the re-productive (associated with long
term permanence and conservation of characters) and the selective (associated
with events of differential survival and reproduction in every instance) can be
played by different kinds of entities at different levels of biological
organization and in different selection processes.

With this distinction, the causal question linked to natural selection becomes a
dual one: What sorting interaction is able to discriminate between trait or
property differences in such a way as to cause differential survival and/or
reproduction of the bearers? and, as the second is sometimes worded, for whose
benefit is the selection process working, or who is getting its

kind through towards a bigger share in the next generations® biological
lodgings? A derived question is, of course, which causal source is to be given
priority for explanatory functions?

! | emphasize for because crucially it can be taken to mean both the entity which benefits (evolutionarily) from the
adaptations produced and the one that bears the traits or properties that are picked out by natural selection. This will
have a close relation with Elliot Sober's use of the distinction between selection for properties and selection of objects.



This division is the base of Richard Dawkins® distinction between replicator
selection and vehicle selection (Dawkins,1976) and was modified by David Hull
with the idea not to prejudge the question of causal primacy [as the term
vehicle seems to do]. Hull prefers the descriptive connotations of replicators
and interactors.(Hull,1981). According to Hull®s distinction these two causal
functions can be described as a) the reproduction or transmission of structural
similarity (replicator) and b) the production of differential replication.
Hull"s worries about Dawkins attributions to replicators are symptomatic of the
passive role concerning the causality of natural selection to which several
philosophers have tried to confine the gene, urged mostly by biologists like
R.Lewontin and S.J.Gould, who are, 1 believe, at least in part motivated by the
social and political consequences of coarse genetical determinism. Hull wants,
so to speak, to isolate the causal reach of genes. He writes:

Dawkins has one vice.._.he tends to run two quite

distinct functions together into one, replication and

the interaction of entities with environments.

(Hull, 1981)
Hull believes that a Dawkins paragraph that shows this "confusion" is the
following:

We may define a replicator as any entity iIn the

universe which interacts with its world, including

other replicators, iIn 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.

IT 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 differential

survival . (Dawkins,1978,p.67)
Hull is worried here about the claim that genes always interact causally with
their environment, in an evolutionarily significant way. He wants to restrict
this function to interactors, and genes are only interactors in limited
intracellular events. Dawkins however has in mind a specific kind of causal



interaction iIn the above paragragh: the one exerted by the replicator on the
interactor, and which is epitomized by the relation between genotype and
phenotype; interactors depend causally on replicators, and that causal thrust is
transitively communicated to the sortings in natural selection events. Besides,
it seems clear that Dawkins has in mind only genes (or genetic materials) as
replicators in "life as we know it", and that he chooses to use a general term
in case of there being other types of replicators in other kinds of life. Hull
however takes that generality in another direction, and gives a case for the
possibility of other biological entities (as we know them) acting as replicators
in evolutionary processes. The aim would be to have a general scheme in which
optional units (genes, genotypes, organisms, groups, etc.) could be incorporated
according to the peculiarities of the case. This kind of generality appeals to
many philosophers but fails to do justice to the claims of genic selectionists
(or for that matter, replicator selectionists) in the sense that the two types
of processes should not be confused. Their causal workings are different and the
hierarchical stance
is not equally viable in both. For Dawkins a central tenet is the point that
replicators have a double causal function: they re-produce their structural
traits and they affect the characteristics of those interactors that are
causally linked with them. Such difficult duality is a major obstacle for any
hierarchical pluralism in the replicator "side" of natural selection processes.
And, In any case, the capacity of the replicator to re-produce its (type~s)
structure is just as important for the long run (permanence-linked) processes as
the capacity to actively influence its (type®s) chances of doing so through
causal links with selective (nonfortuitous) events. Dawkins thus wants to make a
distinction between active an passive replicators.

An active replicator is any replicator whose

nature has some influence over its probability of

being copied. For example a DNA molecule, via protein

synthesis, exerts phenotypic effects which influence

whether it is copied: this is what natural selection

is all about. (Dawkins,1982,p.83)
Hull however wants to loosen some of Dawkins® criteria for replicators. He
claims that neither great fidelity (or identity) nor directness of replication
should be asked for. He correctly points out that a criteria inspired by G.C.
Williams would do a better job, this is that two genes are similar enough to
count as the same replicator if they react similarly to similar selection
pressures.(Hull,1981,p.150). But the wording here again fails to emphasize the



gene"s causal responsibility and the verb react suggests for them a rather
passive role. Nevertheless the criteria is clarifying because it favours the
causal or functional over the structural similarity. On the other hand Hull
wants to leave open the possibility of indirect replication of structure (and
with less than perfect fidelity), so traits, organisms or groups could count as
replicators. What Hull fails to consider is that besides the reappearance at
some point in the species life cycle of similar structures (or properties)
linked with the previous ones by descent (reappearance which can occur
differentially with or without natural selection), there must exist a stable
link (manifested through a correlation) between genetic information and whatever
candidate one chooses for the role of replicator (trait, individual, or group)
if there is going to be some sort of evolutionarily significant (selectable)
similarity. Thus, if we want to consider an extra genetic entity as replicator
we shall have the problem of justifying such correlation in terms that do not
duplicate the description in a nonsense way: replicators type 1 (genes) that
produce replicators type 2 (traits, organisms or groups).
For Hull it is enough for a replicator to be causally linked in some way with
copies, however faithful, of itself. He leaves the significant causal role in
relation to natural selection basically to interactors:

Replication by itself is sufficient for evolution of

sorts, but not evolution through natural selection. In

addition, certain entities must interact causally with

theilr environment in such a way as to bias their

distribution in later generations... the

characteristics of a good replicator are sufficiently

different from those of a good interactor that

eventually these functions began to be performed by

different entities at different levels of

organization. (Hull,1981,p.150)
What Hull forgets here is that it was only the interactor role that became
specialized in that particular way, i.e. by climbing the ladder of complexity
and finding new levels of organization. The replicator function or, in other
words, the conservation of information role, specialized without trascending the
molecular level. Therefore it is only the interactive function that can be
descriptively stratified in evolutionary biology.
Active replicators must be causally linked with their own permanence in the
evolutionary competition, and although they themselves do not have to bear the
interactive properties or traits, they must somehow be linked to them. A



probabilistic and populational causal explication has been proposed for this
relation, and this is, as we shall emphasize, basic for genic selectionism.
Given genes are believed to be causally responsible for heritability of given
traits (thus they are correlated with them) and heritability is a necessary
condition for evolution through natural selection. Hull®s analysis, as many
others of the anti-gene selectionist wave, seems to be based on disconnecting
this link, i.e. on obscuring the fact that the base for the correlation between
genes and trait-varieties (or interactor®s properties) is causal and not in any
sense spurious and, furthermore, that the direction of such causality is from
genetic information to trait variety, and not the contrary.

The use by Hull of Dawkins®™ term “replicator”™ (without the balancing effect of
"active') is thus unfortunate because it fails to stress this point, which is
crucial to the genic selectionist view. As we shall see later, the claim that
such correlations bear no causal importance in evolution, absurd as it seems and
is, has been defended emphatically by several authors?(2).

Replicator selection and vehicle selection are then clearly two different but
interdependent causal processes. The former, which is directly linked with
permanence, is sometimes thought as the domain where one should look for \lthe\i
unit of natural selection, while the latter is said to be related to \Ilthe\i
"level" of selection (Brandon,1985). These processes can however be

well understood without such definitional queries. Perhaps the clarification of
the causal roles and relations between the different descriptive levels in
evolutionary biology can be better attained by avoiding their confusions.

There need not be \la\i unit or \la\i level of selection, but differing causal
roles in the complex (two-fold) process of evolution by natural selection.

111 Gene-trait Correlations

There is, 1 think, a misunderstanding of what the genic selectionist causal
claims are. It stems from the tendency to fuse the discussions concerning
replicator and interactor selection into a monolithic search for the unit of
selection. Hull makes that evident when he writes about the poetic justice
in that Dawkins... has taken the arguments which organism selectionists have
used against group selection and turned them on the organism selectionists

2 Lewontin, Sober, Wimsatt, and Brandon amongst them. Rosenberg has argued, that a mistake at the root of this
position is that they confuse the use of fitness or selection coefficients for genes in models with causal claims:"Neither
genic nor genotypic selection co-efficients are causes of fitness or selection, they are effects of fitness
differences."(Rosenberg,1983,p.333)



themselves (Hull,1981,p.147). The reference here is to the arguments based on
parsimony and simplicity of description that both G.C. Williams and Dawkins use
to favour lower levels of selection against higher ones. The basic structure of
this strategy is to devise an alternative, simpler, explanation based on
properties or traits borne by a lower level entity, to undermine a given claim
that some trait needs a selection process focused on a higher level trait. But
such discussions affect only vehicle selection. As 1 understand these arguments
they could be rephrased by saying that it is easier to imagine how a (caused)
correlation between genes and, say, organismic traits can be strong enough to
produce evolution, than it is to conceive a similarly effective (caused)
correlation between genes and traits of a higher level of organization. In the
end, the parsimony arguments are not about what we have been calling the
replicator role. Unfortunately, Elliot Sober shows the same confusion as Hull
when he takes his acute criticism on parsimony based arguments as damaging to
genic selectionism in general (Sober,1984a,p.234). It must be said, that both
G.C. Williams and R.Dawkins tend to mix their appeals to parsimony with their
more basic claim (that genes are always causally active in evolution) in the
same confusing manner. This was pointed out by David Papineau, who advanced the
distinction 1 am focusing on. When reviewing Dawkins® book The Extended
Phenotype he wrote:

Much of the confusion surrounding the notion of ""the

selfish gene" is due to Dawkins originally having run

two quite different ideas together. On the one hand

there is the basic Weismannian principle that natural

selection is at bottom always a matter of a certain

gene producing some effect that brings it about that

there is an increased proportion of like genes in the

next generation. And on the other hand there is the

modern ethological resistance to group selectionists

accounts of animal behaviour. But these two ideas have

very little to do with each other. There is nothing iIn

Weismannianism as such to rule out group selection. The

Weismannian principle that natural selection always

involves a gene increasing®(3) its representation in

the next generation leaves open the question of

how the gene manages this.(Papineau,1984.p.799)

¥ A small modification will make more precise Papineau's statement, before "natural selection™ he should have written
"evolution by"



Weismannianism is the real source of genic selectionism and makes a quite
different causal claim than that which some arguments around the levels of
selection are centered upon. By discovering the causal split between germplasm
and soma, Weismann made possible a major clarification of the workings of
evolutionary processes: The privileged situation of the genetic elements in what
could be described as a causal vertex*, where on the one hand they act and are
acted upon by their environment to produce somatic elements (properties or
traits), and on the other hand the information they carry is differentially
copied and passed on to future generations. Both are statistical processes where
causation can only be understood in a probabilistic fashion, and where genes (or
bits of causal information) function as causal factors.
But genetic elements play different causal (and thus explanatory) roles in the
somatic and in the germ-line sequences. On the one hand, that the germ-line
(long run) sequence depends for its causal efficacy on the statistical outcomes
of individual (short run) somatic sequences seems undeniable. On the other hand,
somatic (physical) interactions (possibly at different levels) are causally
responsible for differential survival and reproduction of biological entities,
and they are in a sense the source of fitness differences referred to by
abstract models. But the latter does not provide the other basic causal element
of evolutionary processes, heritability, which links the germ-line sequence with
somatic events. The fact that certain genetic elements tend in given sets of
environments to favour the occurrence of certain trait-varieties gives them a
major causal position in any evolutionary process. This was of course clearly
perceived by the theoreticians that developed population genetics. The
misunderstanding of what this stance of genic selectionists amounts to, has made
possible, 1 believe, several recent mis-aimed critiques that tend to talk about
genically based descriptions of evolution as acausal "bookeeping"4(4) based in
some sort of spurious correlations between genes and traits. The most thorough
and enlightening analysis, which nevertheless succumbs to this error, is Elliot
Sober®s recent book The Nature of Selection. In a considerable measure the rest
of this essay will be an attempt to undermine Sober®s arguments and conclusions.
I begin then by quoting two revealing assertions:

the correlation of genetic characteristics with

organismic or group phenotypes in these [selective]

processes is what is represented in the different

* This strongly suggestive expression is due to William Wimsatt(1980):"remarks suggesting genetic reductionism are
better seen as having more import as a kind of genetic bookkeeping than as a promising reductionistic theory of
evolutionary change in terms of genes frequencies" (p.154)



fitness values assigned to single genes. The existence
of such correlation is an absolute criterion for
evolution by natural selection, no matter what the
unit of selection is. But correlation is no more sure
sign of causation, any more than selection of is

no sure sign of selection for (Sober,1984a,p.284)

Selection for or against the phenotype may cause the

frequency of the gene to change but this will be due

to the correlation between the gene and the actual

phenotype. There will be selection of the gene,

but not selection for it.(Sober,1984a,p.313)
Selection for and selection of stand in Sober®s works stand for a distinction
between causal and acausal processes. Based on the common dictum that
correlation does not imply causation, he stresses the point that while a
selective process can be based on sortings between kinds of objects at different
organizational levels (selection of), it usually is the case that the efficient
cause (selection for) of the sorting is a property (or properties) that might or
might not be at the same level. This means that many other properties "carried"
by the objects or entities are selected just by the sheer fact of being
"correlated” with them, without having any causal connection with the selective
process, and thus no explanatory thrust®.(5)
Sober elaborates this distinction in the realm of statistical events where he
equates population-level (or probabilistic) causation with what he calls
property causation. Such view of causation is at the bottom of Sober®s argument
against genic selection as a separate and pervasive element of evolutionary
processes. One of my aims will be to show its inapplicability for actual
(historical) natural selection processes®(6).
Both of the above quotes point towards the undeniable possibility of there being
selection of genes without selection for them, but Sober is too quick in his
generalization. There are two evident weaknesses in his assertions. First there
is a clear and dangerous similarity between what he calls property selection
(which he loads with causal powers) and what above was referred to as vehicle or
interactor selection; and second the underlying assumption that the correlation

® An illustration used by Sober to clarify his distinction is a children’s toy with small and big marbles that are sorted by
holes through which only the small ones can pass. If all the small ones happen to be also all the green ones, then there
would have been selection of green marbles and simultaneously selection for small marbles.

® In contrast with what would be ideal or generalized population causation in which infinite populations or unlimited
trials would be relevant.



between genes and selected for properties or traits has no causal base’(7), thus
implying either that heritability is some kind of accident or that evolution can
proceed based on a magically consistent (i.e. acausal) association between genes
and traits®(8). The following quotes exemplify, I believe, both weaknesses:

In all cases of genic selection, a genic property is a

positive causal factor in survival and reproduction.

Cases of genic selectionism may differ, however, with

respect to what the objects are that these genic

properties attach to. Genic selection may impinge

upon organisms, upon chromosomes, upon gametes, and

upon genes themselves.(Sober,1984a, p-310)
Evolutionary theory now deploys a striking hierarchy of possible selection
mechanisms. Indeed it is a double hierarchy -of both objects and properties-
that contemporary theory has had to consider. Objects at different levels may be
selected; and there may be selection for and against properties at different
levels as well. The adequacy of the various hypotheses made available by this
hierarchy is subject of continuing empirical controversy, which philosophical
reflection cannot resolve. (Sober,1984a,p.368)
Leaving aside the conditions that Sober imposes on 'positive causal factors",
which will be dealt with later, 1 want to suggest a simple terminological shift
which 1 consider revealing with respect to Sober®s abuse of the versatility of
"property" as a concept. If in the Ffirst quote one reads "genic effect" where it
says ''genic property"” (and what else can a genic property that is attached to an
organism or a gamete be?) the matter would, 1 believe, suddenly become
transparent. And then one would be back to Dawkins® distinction between active
replicators (genes) and vehicles (that carry "genic effects”), and furthermore
it would seem unavoidable that, for all evolutionarily significant events of
natural selection, at least some ''genic effects" would have to be "positive
causal factor(s) in survival and reproduction'. Organisms, chromosomes, gametes
and genes themselves appear thus as the vehicles (interactors) whose traits or
properties are, at least partially, caused by "correlated™ genes. With the
elimination of the obscure property talk, the whole mystery of the above
pluralistic second paragraph is thus dissipated; the mentioned double hierarchy
becomes one (a vehicle hierarchy) which is connected to genic selection. Genes

" As there is no causal link between the greenness of the marbles and their having been sorted out, in the toy described
in note 4.

8 Of course, naturally selective interactions can happen without there being a consistent genetic base (i.e. without
heritability), and thus without evolutionary consequences in the population. Random drift on the other hand can build
on heritability to produce fortuitous changes.



causal role seems thus clear enough due to the awareness that although other
objects might indeed be spuriously (acausally) correlated with any given
selected for trait or property, genes are usually causally linked with them, at
least in the evolutionarily significant cases. Genic selectionism mantains thus
its special status as the explication of active replicator selection in our kind
of life. Furthermore, it will by now seem evident that the search for the
explication of what a unit of selection is iIn evolutionarily significant natural
selection events is futile. Two complementary processes (replicator and vehicle
selection) admit at least two kinds of "unitary' elements. And the former of

those will always be of genic nature.

IV Genes and Probabilistic Causation

Genic selectionism, Sober (1984a) argues, has been faced by two standard and
related criticisms: context-dependence and indirectness of genes® effects.
The former builds on the instability of such effects from context to context. As
Ernst Mayr famously wrote:

No gene has a fixed selective value; the same gene may

confer high fitness on one genetic background and be

virtually lethal on another (Mayr,1963,p.296)
Some time later the indirectness criticism was aptly worded by S.J. Gould:

Selection simply cannot see genes and pick among them

directly. It must use bodies as intermediary. A gene

is a bit of DNA hidden within a cell. Selection views

bodies. (Gould,1980a,p-90)
In their simple forms these objections can be said to be a product of
traditional uncritical views, amongst biologists, both of causation, and of the
relation between genotypes, phenotypes and selective events. To both these
objections the facts of epistasis and pleiotropy are central, i.e. that genes
can have many-one, one-many and many-many, causal relations with phenotypic
traits. The ghost they are aiming at is that of "reductionistic bean-bag
genetics" where only one-one relations are considered. But on the whole such
worries have more to do with the problems of theory reduction in
functional (synchronic) biological disciplines but not with evolutionary
(diachronic) ones® (9). David Hull (1974) has brilliantly analyzed the

° Ernst Mayr makes this distinction clear in his characterization of "functional” vs "evolutionary"
disciplines.(Mayr,1976)



conceptual problems that arise from taking at face value the oversimplification
of gene-phenotype links in classical mendelian models, and its consequence to
the idea of theory reduction in genetics. But this discussion has no bearing on
the position of genic selectionism!® (10) whose base is the probabilistic and
statistical nature of causal links within evolutionary theorizing, and which is
thus in no way tied to oversimple mendelian models.
Kitcher and Sterelny (1987) agree with Sober that neither context-dependence nor
indirectness objections, in their simple formulations, seem to damage the
standard, statistical formulations of gene selectionism, which Is not committed
to "beanbag-genetics'!'(11). Perhaps the clearest statement of the latter is due
to G.C. Williams:

Obviously it is unrealistic to believe that a gene

actually exists in its own world with no complications

other than abstract selection coefficients and

mutation rates. The unity of the genotype and the

functional subordination of the individual genes to

each other and to their surroundings would seem, at

first sight, to invalidate the one-locus model of

natural selection. Actually these considerations do

not bear on the basic postulates of the theory. No

matter how functionally dependent a gene may be, and

no matter how complicated its interactions with other

genes and environmental factors, it must always be

true that a given gene substitution will have an

arithmetic mean effect on fitness in any population.

One allele can always be regarded as having a certain

selection coefficient relative to another at the

same time. (Williams,1966,pp.56-57)
Sober has, perhaps involuntarily, wasted too much paper to leave it clear that
the main claim of genic selectionism has little to do with the "parsimony" or
"representability” arguments he deals with extensively (Sober,1984a,pp-234-
249)12 (12). It is the causal role of genes (as probabilistic causal factors)

19 Although it might have damaging consequences for those who defend non-genetical entities as possible replicators,
because of the difficulty of the re-appearance, in a similar enough fashion, of traits (or structures) in the next (linked)
generation.

1 »advocates of genic selectionism have a very different picture of the causal relation of genotype, phenotype, and
natural selection, one which, if true refutes both these objections" writes Sober (1984a,p.228).

12 But Sober cannot resist the temptation to write fifteen pages demolishing a shadow. Parsimony as used by Williams
and Dawkins to undermine group selectionists' claims is a pragmatical strategy that cannot be conclusive. Furthermore,
it does not bear on what we have been calling active-replicator selection but on vehicle or property selection. That is



and thus the explanatory value of their presence or absence in given populations
and environments, that is the central issue. And that is why it becomes crucial

to understand Williams arithmetic mean effect on fitness in any population”
not as meaning that the gene will possess a fixed selection coefficient, nor
that the affected "fitness"™ should be attributable to it or to any other
entities (organism, group). It simply means that according to its effects on the
different physical surroundings in which it is likely to appear, the gene (as
type and as active-replicator) will have a certain general survival probability
that can affect its future frequencies in the species”™ gene-pool. The particular
kind of effects on which different genes®™ chances are based can be as varied as
different selective biological interactions which can exist®®(13). Such a
picture of genes” causal influence on their survival and reproduction makes them
appear not as causes of individual selective events!* (14) but, again, as
probabilistic causal factors in populations of sometimes quite intricate
selection processes. This immediately raises the problems of how to explicate
probabilistic causation (in general) and of how such explication can help us (or
not) in an analysis of genic selectionism. These were Elliot Sober®s basic
concerns in the positive part of The Nature of Selection. Basically, he takes
both the context-dependence and the directness objections and transforms them,
through his account of probabilistic causation, into much stronger and damaging
arguments against genic selectionism.

Under Sober®s account, as sometimes genes can have opposing effects on their
bearer®s fitnesses in changed genetical and physical environments they cannot
(but seldom) count as positive causal factors in evolving populations. On the
other hand, as causation in its probabilistic or populational mode, is not
neccesarily transitive, the biologist®s intuitive "directness"™ objection gains
strength and respectability.

V Context-dependence

For a gene to be a positive causal factor (p.c.f.) iIn a given selective process
it would have to favor(increase the probability of) a positive outcome in at
least one context and should not disfavor it (reduce its probability) in any.
This is what Sober calls the Pareto-style requirement and what ac