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Replicators & Vehicles – Dawkins vs. Replicators & Interactors – Hull 


Genic selectionists think that the received view of evolution holds the wrong picture.  By focusing on such common-sense notions as organisms, populations, and species, they fail to make a fundamental distinction between the entity that is copied and the one that interacts with the world.  Genic selectionists believe that replication is of fundamental importance in cumulative selection.  Focusing on our common-sense notions of the organizational hierarchy of the biological world, the claim goes, misses this distinction.  


Richard Dawkins and David Hull both use the term replicator to refer to genes as that which is copied from generation to generation.  They both agree that genes are the paradigm replicators, but they differ on what, if anything, else may be replicators.  Dawkins uses the term vehicle to denote the entity that genes construct to enable said genes to interact in the world and thus mediate their replication.  Hull uses the term interactor to denote a similar sort of entity.  What is the difference in these two sets of terminology, and what are the implications of choosing one over the other?  

In this paper I intend to lay out the terminology of both views, discuss some of the implications of these views, and show why Hull’s is the better view.  The authors of our text, Sex and Death, prefer Hull’s terminology, but only give a short reason for their preference.  “The term interactor is more neutral, and more suited to our discussion of potential higher levels of selection, in which the interactor may be a local population or a species.” (S&D 56)  I agree that this is the primary reason for choosing interactor over vehicle, but I hope to explicate this reasoning to a much greater degree.  

I will begin by laying out the definitions and ontologies of replicator as given by Dawkins and Hull.  For Dawkins, a replicator is “anything in the universe of which copies are made.” (EP 83)  These replicators may be active or passive and germ-line or dead-end.  An active replicator is “any replicator whose nature has some influence over its probability of being copied.” (EP 83)  A passive replicator is one “whose nature has no influence over its probability of being copied.” (EP 83)  A germ-line replicator is “a replicator that is potentially the ancestor of an indefinitely long line of descendant replicators.” (EP 83)  And, a dead-end replicator is one “which may be copied a finite number of times, giving rise to a short chain of descendants, but which is definitely not the potential ancestor of an indefinitely long line of descendants.” (EP 83)  All combinations are possible, and for Dawkins, “[p]articular interest attaches to one of the four, the active germ-line replicator…” (EP 84)

For Hull, a replicator is “an entity that passes on its structure directly in replication.” (I&S 318)  I have not found any reference in the several Hull articles that I have read which addresses Dawkins differentiation of replicators, but I imagine that he would agree that in the case of natural selection we are indeed interested in the active-germ line replicator.  I believe the primary reason he has not differentiated them is that he is trying to keep selection as a general process.  I will address this point more fully later in my paper.  

Both Dawkins and Hull agree that a successful replicator must possess some minimum degree of longevity, fecundity and fidelity.  In fact, Dawkins quotes Hull as he says that Hull “explains the point clearly.” (EP 84)  “Replicators need not last forever.  They need only last long enough to produce additional replicators [fecundity] that retain their structure largely intact [fidelity].  The relevant longevity concerns the retention of structure through descent.” (I&S 317) and (EP 84)

Now that our definitions of replicator are in place, what sorts of entities are allowed by each?  As I stated earlier, both agree that genes are the paradigm replicators.  Where do they differ?

Dawkins primary criterion for a replicator resides in the idea that although no copying process is perfect “[I]t is fundamental to the idea of a replicator that when a mistake or ‘mutation’ does occur it is passed on to future copies: the mutation brings into existence a new kind of replicator which ‘breeds true’ until there is a further mutation.” (EP 85)  Errors are cumulative in a lineage of replicators.  According to Dawkins, meiosis and sexual fusion rule out the genomes of sexually reproducing organisms.  If the genome isn’t a replicator, then neither is the organism.  As for asexually reproducing organisms, their genomes may be replicators, but the organisms are not.  “To regard an organism as a replicator, even an asexual organism like a female stick insect, is tantamount to a violation of the ‘central dogma’ of the non-inheritance of acquired characteristics.” (EP 97)  If said stick insect were to lose a leg early in life and still manage to reproduce, this trait of having a missing leg would not be passed on to the next generation.  But, if a change in the stick insect’s genome were to occur, this would be passed on.  

What about higher levels in the hierarchy of organisms, such as populations, species, etc?  Dawkins believes that most of these groupings are excluded based on a variation “of the ‘internal fragmentation destroys copying fidelity’ argument.” (EP 99)  In these cases meiosis is not the culprit.  It is the movement of individuals in and out of the group, emigration and immigration.  “As I have put it before, they are like clouds in the sky or dust-storms in the desert.  They are temporary aggregations or federations.” (EP 99)  But again, this argument only applies to a subset of this level.  “It applies to groups capable of interbreeding, but it does not apply to reproductively isolated species.”  (EP 100)  

To answer whether reproductively isolated species can be replicators Dawkins takes us through an extended treatment of Eldredge and Gould’s theory of species selection associated with their theory of punctuated equilibria.  His answer is that they are not, but that their gene-pools may be.  “For simplicity I have discussed the theory of species selection as one in which the species is treated as a replicator.  The reader will have noticed, however, that this is rather like speaking of an asexually reproducing organism as a replicator… Similarly, in the species selection model, it is not the species that is the replicator but the gene-pool.” (EP 108)  

Dawkins believes that he has shown that organisms are not replicators, although if asexually reproducing its’ genome may be.  He also feels that he has shown that the gene-pools of reproductively isolated species can be, although he feels “that this kind of selection is unlikely to explain complex adaptation.” (EP 109)  Does he allow any other entities as replicators?

The ‘meme’ is a Dawkinsian unit of cultural evolution.  It “should be regarded as a unit of information residing in a brain.” (EP 109)  It is a replicator because it has the same two consequences in the world as our archetypal replicator, the gene.  It makes copies of itself.  And, the effects it has on the world influences its’ replication differentially.  Selection processes are, of course, significantly different for memes and genes.  That fact, though, has no bearing on their status as replicators, only on whether the two types of selection can be subsumed under a general process of selection.

Now we turn to the sorts of entities that Hull allows as replicators.  “In order for an entity to function as a replicator, it must have structure and be able to pass on that structure—the more directly the better, the more intact the better.  When replication is described in this way, genes are obviously the most fundamental replicators.”  (I&S 320)  Some biologists reject other entities as replicators because they lack traits that even genes do not have.  Hull cites Stern, “Individuals die, they are neither preserved nor increased in frequency, and therefore are not selected.” (I&S 320)  This same argument, though, is equally applicable against genes, Hull claims.  “Neither genes nor organisms are preserved or increased in frequency…  As substantial entities, all replicators come into existence and pass away.  Only their structure persists, and that is all that is needed for them to function as replicators.” (I&S 320)  

Hull feels that asexually reproducing organisms are as much replicators as are their genomes.  And according to his more general definition, and even to Dawkin’s definition of a ‘basic’ replicator, he is correct.  This is directly related to Hull’s insistence on generality, which I will cover later.  Sexual reproduction complicates the issue for Hull also, but again, he is more liberal.  “The functional unity of the genotype in the production of organisms promotes the structural similarity of organisms.  To the extent that variation in the overall structure of organisms is selectively neutral, organisms can function as replicators, keeping in mind that the transmission of structure is not as direct as in asexual reproduction.” (I&S 321-2)  Why is this, given the effects of meiosis on the structure of the genome?  “How much alteration can occur before a genome must be considered a new replicator depends on the effect the changes have on the organism as an interactor.  How similar is similar enough?  Similar enough to respond similarly to similar selection pressures.” (I&S 321)  This is contra Dawkins: “But if the arbitrarily chosen portion of chromosome is very long it is not even potentially long-lived in its present form, for it is likely to be split apart by crossing-over in any given generation, regardless of how successful it may be in making a body survive and reproduce.” (EP 88)  The disagreement seems to be about the requisite amount of fidelity that each requires.  I agree with Hull that the relevant determinant of fidelity is that which leads to similar responses to similar selection pressures.  

Hull thinks that some colonies may function as replicators.  To do so “they must be individuals, possess structure of their own, and be able to pass on this structure largely intact.” (I&S 322)  These characteristics and distinct boundaries, internal differentiation, and division of labor are the gross characteristics of the typical organism.  Often these characteristics are passed on when a colony reproduces itself.  Sexual selection, though, “presents the same range of problems for colonies functioning as replicators as it does for organisms.” (I&S 322)  

The problems only become magnified when one considers populations and species as replicators.  Hull believes that populations and species are probably not replicators.  It becomes much harder to argue that populations and species are the correct sorts of individuals and exhibit the sort of structure that can be passed on.  “At the very least, the notion of population structure needs considerable elucidation.  As it stands, it remains problematic.” (I&S 324)  

“In sum, replication seems concentrated at the lower levels of the organizational hierarchy, occurring usually at the level of the genetic material, sometimes at the level of organisms and possibly colonies, but rarely higher.” (I&S 324)


Now, I’d like to turn to the definitions and ontologies of vehicle and interactor as given by Dawkins and Hull.  A vehicle, as defined by Dawkins, is “any unit, discrete enough to seem worth naming, which houses a collection of replicators and which works as a unit for the preservation and propagation of those replicators.” (EP 114)  Hull defines an interactor as “an entity that directly interacts as a cohesive whole with its environment in such a way that replication is differential.” (I&S 318)  What sorts of entities fall under these definitions according to their respective authors?


Dawkins begins by telling us that “a vehicle is not a replicator.” (EP 114, my emphasis)  This, of course, doesn’t exclude much given what he allows as replicators.  The organism is the archetypal vehicle for Dawkins, although he allows that “chromosomes and cells below the organism level, [and] groups and communities above it” may be vehicles. (EP 114)  But, “because the main purpose of [his] book is to draw attention to the weaknesses of the whole vehicle concept” he gives arguments attempting to undermine the whole concept. (EP 115)  “The doctrine of the extended phenotype is that the phenotypic effect of a gene (a genetic replicator) is best seen as an effect upon the world at large, and only incidentally upon the individual organism—or any other vehicle—in which it happens to sit.” (EP 117)  My interpretation of Dawkin’s has him in the end claiming that vehicles, particularly organisms, are epiphenomena of genes.  “In practice the organism has arisen as a partially bounded local concentration, a shared knot of replicator power.” (EP 264)


Hull allows genes, cells, and organisms as interactors because they “all interact with their respective environments in ways that result in differential replication,” and because the properties that they exhibit “determines their success as interactors.” (I&S 325)

Colonies, for Hull, are also clearly interactors.  This is because the individuals, which comprise a colony, confront their environments as part of a whole, not as individuals.  

Populations and species pose special problems again.  The sorts of properties that they must exhibit need to be elucidated “before any reasonable decision can be made on this issue.” (I&S 326)  


Hull considers the possibility of ecosystems and communities as interactors, although he did not as replicators.  This is “because no one seems to have argued that these systems can function as replicators.” (I&S 326)  These are also problematic due to the fact of the “independence of their constituent replicators.” (I&S 326)  The reproduction of an organism affects the replication of all of its genes.  This is, of course, not the case in an ecological community.


“In sum, entities function as interactors at higher levels of organization than those at which replication occurs, at least at the level of colonies, possibly at the level of populations, but probably at no higher levels.” (I& S 327)  


I have done a little analysis and criticism so far where I felt it was appropriate.  Now I’d like to take this a little further.  I have already commented on the apparent disagreement on the issue of required fidelity. (5)  I also disagree with Dawkins’ reasoning for rejecting organisms and reproductively isolated species as replicators.  He insists that it is a violation of the ‘central dogma’ of the non-inheritance of acquired characteristics.  But, he is mixing up replication with development, which he himself takes pains to elucidate.  “The answer to this is that when we are talking about development it is appropriate to emphasize non-genetic as well as genetic factors.  But when we are talking about units of selection a different emphasis is called for, an emphasis on the properties of replicators.” (EP 98)  The loss of a stick insect’s leg is a fact of its’ individual development, not a property of it as a replicator.  This is an “individual” outcome, not an “evolved” outcome to use the language of Griffiths and Gray. (DS&EE 286)


Dawkins’ vehicle has connotations that are likely to mislead.  “Vehicles are the sort of thing that agents ride around in.  More than this, the agents are in control.  The agents steer and the vehicles follow dumbly.” (IvV 32)  One is mislead into believing that interaction is not important, only replication.  Dawkins takes pains to deny this, but the connotation is there in the term itself.  According to Hull, “Omitting interaction in characterizing biological evolution leaves out the causal relations that make replication differential.” (IvV 45)  Dawkins seems to see the relationship between replicators and vehicles as primarily developmental.  But Hull originally “defined “interactor” in terms of the role that interactors play in selection, not development.  As I defined this term, an interactor is an “entity that interacts as a cohesive whole with its environment in such a way that this interaction causes replication to be differential.”” (TVS 627)  The role that an entity functions as in a selection process is what determines whether or not it is an interactor.  It must cause replication to be differential.  This is why, for Hull, a gene can be an interactor.  


I feel that I have shown Hull’s terminology is superior to Dawkin’s.  It is more inclusive and does not tend to prejudge the empirical issues.  These reasons and others throughout my paper are why Sterelny and Griffiths, and I, prefer Hull’s terminology.  


Earlier, in laying out Hull’s ontology of replicators I did not comment on his view on Dawkins’ memes.  Hull is happy to allow memes as replicators because his goal is to provide a theory of selection general enough that it includes both biological-based natural selection and meme-based cultural evolution.  


According to Hull, “selection can be characterized generally as any process in which differential extinction and proliferation of interactors causes the differential perpetuation of the replicators that produced them.” (IvV 22)  Selection is a two-stage causal process.  It involves replication and interaction.  Dawkins’ definition of replicator seems to have them interacting with their environment “to produce copies of themselves and to influence their own survival and the survival of their copies.” (I&S 318)  This may be why he has little use for his own concept of the vehicle.  Hull intends for his interactors to function in the second process of influencing their own survival and the survival of their copies.


The implications of this are that Dawkins’ insists that the gene (or meme) is the unit of selection due to his over emphasis on replication.  Hull insists that “there are no units of selection because selection is composed of two subprocesses – replication and interaction.  Selection results from the interplay of these two subprocesses.” (TVS 627)  But, this is a topic for another paper.  
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