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ABSTRACT 

 
 
Focusing on Darwinism, David Hull argues that the protean character of conceptual systems is 
explained by their nature as historical entities which evolve.  If they evolve as biological species 
do, Hull argues, then they cannot have an “essence” – a set of tenets that all and only instances of 
the conceptual system has throughout all time.  There are no tenets a scientific research program 
must retain to count as an instance of a particular program.  I advance two considerations against 
this view.  First, research programs require a critical cohesiveness among their tenets to inspire 
and guide research.  Second, it is the function of such programs to guide the search for answers 
to families of questions in a particular domain in a particular spirit.  These factors dictate that 
conceptual systems must retain certain key tenets.  This re-emergence of a sort of essentialism 
does not bar the evolution of conceptual systems, provided we recognize that there are patterns 
of evolution other than the one Hull considers (anagenesis).  It also implies that conceptual 
systems simply evolve differently than species do.  I defend this position by illustrating two 
episodes of conceptual evolution:  the dispute between William Bateson and the British 
biometricians over discontinuous evolution, and the formation of Neo-Lamarckism in 19th 
century America. 
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Introduction 

This thesis deals with the evolution of conceptual systems, and in particular with the 

evolution of Darwinism as a conceptual system for the investigation of biological evolution.  The 

main question that I address is whether any of the tenets which constitute a research program can 

be necessary for the program to count as that particular research program – that is, are there any 

tenets of Darwinism that could not be abandoned without the program ceasing to be Darwinism?  

Can we identify Darwinism with any set of tenets which it must have over time to continue to be 

Darwinism? 

David Hull (1985) answers in the negative.  Hull argues that conceptual systems can be 

adequately identified through employment of the type specimen method, i.e., by an instance of a 

concept, plus the tracing of lineage.  I argue in contrast that there is good reason, beyond our 

intuitions, to believe that Hull’s view cannot be correct.  And as far as I can tell, there has been 

hardly any response to Hull on this issue since he first wrote on it in 1985, apart from one from 

Michael Bradie.  Bradie notes, in a vein similar to my own, that on Hull’s view a conceptual 

system, D1, could start out as the assertion “p,” which is held by scientist S1.  Over time, the 

system could evolve to the point that it is the assertion “not-p,” held by scientist Sn.  Provided the 

proper relations of descent are present, at each stage D1 remains D1, and “all the Si’s can proudly 

claim to be D-ists” (Bradie 1990, 251).  Bradie notes that it is “extremely odd” to hold that S1 

and Sn endorse the same view or are in the same tradition.  He imagines the following dialogue:  

“She: I believe in God.  He: I do not.  She: Oh, I am so glad we share the same religious 

tradition” (Bradie 1990, 253).  Bradie acknowledges that this result is “prima facie 

counterintuitive,” and while he does not say it is wrong, believes it to be “just a bit fishy”  

(Bradie 1990, 251).  Hull responds that “[h]e and she have come to the opposite conclusion but 
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within the same conceptual tradition.  The God under discussion is the same God” (Hull 1990, 

259).   

This response itself raises interesting questions, such as whether an atheist who does not 

practice, but is somewhat knowledgeable of, a religion, can be said to be in the same tradition as 

someone who actually practices the religion.  Or, if She is a Muslim from the Middle East, and 

He comes from a Protestant family in the United States, whether the God under discussion is in 

fact the same God, and, if so, whether there is a meaningful sense in which She and He are both 

within the same tradition.  But these are questions which I raise only here, and do not address in 

the body of the thesis.  I bring forward a different argument.  I maintain that there are in fact 

tenets or commitments which Darwinism must retain in order for it to continue to count as 

Darwinism.   

I argue for this position along two general lines.  First, there are varying degrees of 

cohesiveness in conceptual systems.  In order for a conceptual system to obtain and retain the 

degree of cohesiveness that is needed for a conceptual system to galvanize scientists into 

accepting it as a guide or paradigm for research, it must retain certain key, tightly interlocking 

tenets.  The second consideration is that there is a significant disanalogy between biological 

species and conceptual systems.  Unlike biological species, conceptual systems are human 

artifacts.  They are tools, which have functions.  We do not tend to think it controversial that 

tools have some sort of essence – that there is some set of conditions which an object must 

satisfy to count as a tool of that sort.  These considerations necessitate setting forth the 

“essential” components of Darwinism, a project I undertake in Chapter 2. 

But this seems to raise a problem.  One reason that Hull argues against the position that 

conceptual systems can have essences is that if they are to evolve, in anything like the way in 
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which biological species evolve, then they cannot have an essence.  I argue that because 

Darwinism does have something like an essence, it must be the case that conceptual systems do 

not in fact evolve in the way in which biological species evolve.  This does not mean that 

conceptual systems do not evolve.  It only means that they evolve differently. The apparent 

problem regarding evolution of conceptual systems is also resolved once we consider other 

patterns of evolution besides the only pattern of evolution Hull considers, anagenesis.   

This is the subject of Chapter 3.  There I examine the dispute between William Bateson 

and the biometricians W.F.R. Weldon and Karl Pearson in England in the years around 1900.  

The main point of contention is whether evolution is largely continuous, or largely 

discontinuous.  This has implications for, and raises inconsistent views about, the nature and role 

of selection and adaptation.  I argue that we can make sense of this dispute even if Darwinism 

has an essence if we see this episode as exemplifying a different pattern of evolution, 

cladogenesis. 

Chapter 4 takes note of the fact that anagenesis and cladogenesis are not the only patterns 

of evolution on offer.  If we are to be thorough in analogizing conceptual evolution to biological 

evolution, we need to consider all patterns of biological evolution.  To this end, I extend the 

analogy further by depicting the emergence of Neo-Lamarckism in the United States in the late 

19th century as a case of reticulate evolution, a stable hybridization of elements of the system of 

Louis Agassiz and that of Darwin, resulting in a new conceptual system with its own 

evolutionary fate. 

In what follows, I am concerned with Darwinism as a scientific research program into 

biological evolution.  There have been many extensions of Darwinism or Darwinian thinking 

into other realms.  Two which come to mind are Dennett’s Darwinian philosophy of mind 
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(Dennett 1991; Dennett 2001), and Dawkins’s “meme” theory of cultural transmission (Dawkins 

1976).  Both deal with the selection of a replicating unit, and its differential reproduction.  

Because of this feature, both count as Darwinian theories.  But they are not Darwinism as I 

construe it herein. 
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Chapter One:  Does, Can, or Must Darwinism Have an Essence? 

1.  Hull’s Thesis 

 David Hull notes in “Darwinism as a Historical Entity:  A Historiographic Proposal” that 

there is disagreement about the “essence” of Darwinism.  By an essence, Hull means “the set of 

tenets that all and only instances of a particular conceptual system have throughout all time” 

(Hull 1985, 778).  The general problem is that, for perhaps every one of the traditionally 

conceived “essential” tenets of Darwinism, one will probably find an evolutionist, past or 

present, who disagrees with it, or did disagree with it – but whom one would want to count (or 

who would want to be counted) as a Darwinian.   

Hull is correct that this disagreement exists, and he has numerous examples to back his 

claim, including the following:  Not even Darwin’s champions such as Huxley and Gray agreed 

with all of what Mayr has described as “Darwin’s five theories of evolution:”  evolution as such, 

common descent (including man), gradualism, multiplication of species, and natural selection as 

evolution’s primary driving force (Mayr 1985).  Huxley disagreed with Darwin’s gradualism, 

believing evolution was saltational, and did not assign natural selection as large a role as Darwin 

did (Hull 1985; Ruse 1979).  Gray, Darwin’s champion in America, also expressed doubts about 

the power of selection (Anonymous 1860), and sought to put a theological gloss on evolution 

which Darwin would have rejected (Gray 1873).  Gould claimed that the control of evolution and 

creation of the fit by natural selection was the “essence” of Darwinism (Gould 1977a, 44; 1977b, 

24).  But Gould cited this as one reason why his and Eldredge’s theory of punctuated equilibria is 

among the signals that Neo-Darwinism is, “as a general proposition, effectively dead,” and that a 

“new and general theory of evolution” is emerging (Gould 1980).  According to Eldredge and 

Gould, most evolutionary change is coupled “irreducibly” with speciation events, and is not the 
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result of trends under the direction of selection (Eldredge and Gould 1972; Gould 1980).  

Dawkins, and Stebbins and Ayala (among others), counter that there is no inconsistency between 

the patterns or processes which Gould and Eldredge cite, and the microevolutionary trends dealt 

with by the population-genetic focus of Neo-Darwinism.  This includes both those 

predominantly under the control of selection, and those less under selection’s control, such as 

Mayr’s “genetic revolutions” which may take place among founder populations (Dawkins 1986; 

Stebbins and Ayala, 1981).  Two of the first advocates of the “neutral theory” of molecular 

evolution billed it as “non-Darwinian,” because it claimed that much molecular evolution was 

due to selectively neutral mutations or genetic drift, and was not under the direct control of 

selection (King and Jukes 1969).  Now the neutral theory is part and parcel of contemporary 

Darwinism.  

Hull’s point is not only true within cultures (considering the Anglophone modern 

synthesis as a single culture) and over time, but across cultures.  In Russia, for example, 

evolutionists rejected Darwin’s belief that competition was greatest between members of the 

same species, focusing instead on struggle against the physical conditions of life and on 

competition between species (Todes 1987).  Yet evolutionists in the Russian school considered 

themselves as working within Darwinism. 

Of course, the fact that there is disagreement over the essence of Darwinism does not 

itself prove that Darwinism has no essence – although a persistent inability by scientists, 

historians, and philosophers to articulate and reach consensus about the essence might lead us to 

question or doubt whether there is one.  Moreover, many of the disputes which Hull cites do not 

have to do with whether selection is a component of Darwinism; even Gould believed that it is. 

The disputes seem to involve how important a component selection is, with its importance 
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affected by what the scientist in question believes it accomplishes.  In at least one example, Hull 

verges on misstating the case, and obscuring the issue.  He states that Williams and Dawkins 

both claim (Williams 1966; Dawkins 1979) that their gene selectionist approach is Darwinian, 

and that the group selection theory of Wynne-Edwards is not (Wynne-Edwards 1962).  Wynne-

Edwards claimed that organisms develop adaptations, or evolve mechanisms to altruistically 

control population size, for the benefit of the group.  Dawkins does make a claim in his (1979) to 

the effect that Darwinian selection is gene selection, but in a work in which Dawkins actually 

discusses group selection (Dawkins 1976), Dawkins’s actual objections are different, and similar 

to Williams’s.  They are not that group selection is non-Darwinian.  Rather, the objections are 

that there is insufficient evidence for group selection or for the existence of group-related 

adaptations, and that explanations which invoke group selection are unparsimonius.  Any 

characters or adaptations which could be attributed to group selection, Dawkins and Williams 

argue, can be accommodated with greater coherence by population models which involve 

nothing more than gene selection.  The objection is that group selection doesn’t deserve a place 

in the Darwinian tool kit because it isn’t true, or because it is muddled, not because it is 

insufficiently Darwinian.   

There will be more to say along these lines in the next chapter.  For now, the important 

point to notice is Hull’s response to this evidence, and that is to insist on the “protean” nature of 

Darwinism.  It is to recognize that conceptual systems such as Darwinism are historical entities, 

the same as biological species.1  Like biological species, conceptual systems evolve.  The 

                                                 
1 Throughout, by terms like “research program”  or “research tradition,” I will generally mean scientific research 
programs.  Technically, I suppose, these are a type of conceptual system.  Following Hull, however, I will use these 
terms somewhat interchangeably.  Most of what is said herein about conceptual systems can, I believe, be said about 
research programs, and vice versa.  I trust that the context will make it clear when I am talking generically about 
conceptual systems, or about scientific research programs, or about Darwinism as a specific scientific research 
program (which enjoins and guides the investigation of biological evolution). 
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headaches and conflicts which evolutionary biologists, historians, and philosophers suffer in 

trying to pin down the essence of Darwinism are, Hull argues, self-inflicted and needless.  These 

thinkers have rightly abandoned species essentialism, the view that there is “a set of traits that all 

and only members of a particular species have throughout time” (Hull 1985, 777), for what Mayr 

has termed “population thinking” – that every individual in a sexually reproducing species (and 

perhaps even in uniparentally reproducing species) is unique in its characteristics, and that if 

there are “typical” individuals or mean values of characters, they exist only in the abstract (Mayr 

1982, 46).  Hull provides the following example:  biologists recognize that the organisms that 

constitute a species may have any number of blood types in different frequencies.  Over time, a 

blood type that is widely or even universally distributed among organisms in the species may be 

lost (Hull 1985).  Yet as long as the proper genealogical relations obtain between different 

generations of organisms in the species, and the proper genealogical relations obtain among 

members today, the species remains the same species.  There is no one blood type, nor any set of 

characters, which is both necessary and sufficient for membership in the species.  The problem, 

Hull contends, is that scientists, historians, and philosophers have failed to extend this 

perspective to conceptual systems.  Hull proposes a therapeutic corrective:  to “extend Mayr’s 

population thinking to thinking itself” (Hull 1985, 776-778).  

The consequence of such therapy, of course, is that we must give up the idea that 

conceptual systems have an essence – both that conceptual systems must have an essence, and 

that they are the sorts of things that can have essences (although Hull’s official position is that 

conceptual systems are the sorts of things that “need not and usually do not have essences” [Hull 

1985, 778]).  To the extent that scientific research programs are successful, they must be capable 

of evolving, and if they are to evolve in something like the way in which species do, they must 

 8



 

be protean:  “The only research programs that can possibly have an essence … are those that fall 

stillborn from the press or degenerate into ideologies” (Hull 1985, 776).   

The consequence for Darwinism in particular is also clear.  Darwin, Huxley, and 

Wallace, for example, were certainly Darwinians in one sense that Hull’s paper addresses, i.e., 

members of a scientific community.  It is also makes intuitive sense that they were Darwinians in 

another sense – practitioners within or advocates of a scientific research program.  But if Darwin 

and Huxley, say, were both advocates of this program as it existed in the late 19th century, then 

one must allow Darwinism to contain both Darwin’s emphasis on gradualism (in the sense of 

evolution as a generally slow process occurring through the accumulation of favorable 

variations) and Huxley’s emphasis on saltation.  Unlike multiple blood types, which may be 

merely inconsistent (but not in a logical sense, which is no disaster for a biological species), 

Darwin’s and Huxley’s positions are contradictory.  This, Hull argues, means that Darwinism 

cannot have an essence.  To insist that Darwin’s gradualism is an essential component of 

Darwinism is, on Hull’s view, to ignore history, and to cast someone like Huxley out of the circle 

of Darwinians (although Mayr, for one, is prepared to do just this:  “No one who was a 

saltationist and rejected natural selection qualifies for the designation ‘Darwinian’” [Mayr 1982, 

507]).  And to insist that there is any concept or tenet which is essential to Darwinism – which it 

must have in order for it to count as Darwinism – is to cast Darwinism as a rigid entity which 

cannot evolve in anything like the way in which species evolve. 

To replace conceptual-system-essentialism, Hull recommends importing the type-

specimen method from taxonomy.  As Hull describes it, the type specimen method (which itself 

has been modified from its original incarnation in the days of species essentialism) today enjoins 

taxonomists to simply pick any organism, then trace out its genealogical relations.  Once the 
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taxonomist determines those relations, the arbitrarily selected organism becomes the type to 

which the species name is affixed, and the species is “whatever chunk of the genealogical nexus 

it happens to be part of” (Hull 1985, 782).  Unless it fails to exhibit the proper relations, it does 

not matter whether the type is aberrant.  Turning to conceptual systems, the method would be to 

pick any concept or “exemplar,” and trace out its conceptual relations.  The initial node, concept, 

or exemplar selected does not need to be central, or “especially exemplary.”  To individuate 

Darwinism in 1859, one could start just as well with Hooker’s Flora of Australia as Darwin’s 

Origin (Hull 1985, 783).  There is nothing, Hull argues, to privilege one over the other.  And the 

relations traced out will tend not be those of deductive or inductive inference.  Even if a 

proposition is in fact a deductive or inductive consequence of some other proposition which is 

part of a conceptual system, the inferred proposition does not belong in the system unless some 

advocate or practitioner of the system “saw the connection” (Hull 1985, 783).  Instead, the 

important relations will those like “gave-rise-to” or “mutually support” (Hull 1985, 783).  Such 

relations, Hull acknowledges, will be “much more problematic” than those of simple deductive 

or inductive inference (Hull 1985, 783).  But it is these relations which provide the system’s 

cohesion, although this cohesion will be loose enough that contradictory propositions will 

sometimes be found “coexisting innocuously in the same research program” (Hull 1985, 806).     

The contemporary type specimen method is, Hull notes, counterintuitive to many 

biologists.  Its adoption into philosophy and history is at least as counterintuitive, because of the 

obvious implication (which Hull does not state explicitly):  all components of a conceptual 

system are expendable.  Just as any particular blood type could disappear from a species without 

the species ceasing to exist as that species, any particular concept (or proposition, or tenet) could 
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disappear from the conceptual system, and the system would remain the same conceptual system.  

To insist otherwise, Hull argues, is merely to “dig in our heels” (Hull 1985, 777).   

But I believe that there is good reason, beyond our intuitions, to believe that Hull’s view 

cannot be correct in full.  The type specimen method, employing the conceptual relations Hull 

identifies, may in fact allow us to identify conceptual systems, and to delineate them one from 

another, at any given point in their history.  It may also in fact allow us to trace the system’s 

trajectory through history.  It is not my purpose to argue against this aspect of Hull’s thesis.  But 

I believe that Darwinism has retained several tenets or components over the past 150 years, and 

that it is no coincidence that it has done so.  At the risk of seeming to dig in my heels, I wish to 

argue that there are in fact tenets (which will contain concepts) which Darwinism must retain in 

order for it to continue to count as Darwinism.   

There are two considerations which I believe push in this direction.  The first is that there 

are varying degrees of cohesiveness in conceptual systems.  Hull has given us a criterion of 

cohesiveness, the conceptual relations that interconnect the concepts in a conceptual system.  

This, however, is not guaranteed to give us the degree of cohesiveness that is needed for a 

conceptual system to galvanize scientists into accepting it as a guide or paradigm for research.  

Examining Darwin’s “principle of divergence,” I will argue that the degree of cohesiveness 

required to render a theory or research program something which can capture the imagination 

and support of researchers makes it a tightly integrated whole which cannot be atomized.  The 

interrelations among the concepts give rise to tenets, which themselves become inextricably 

interrelated.  The second consideration is that we need to distinguish between the function of 

research programs in general, and the functions of particular research programs.  The function of 

 11



 

Darwinism – its task in the realm of science, which I will set forth shortly – dictates that it must 

contain a set of tenets or commitments, which I will call “constraining commitments.”  

 

2. The Function of Research Programs 

There may be worries about my use of the term “function” which I need to assuage, as 

there is a large literature in the philosophy of biology regarding the proper sense of “function” in 

biology.  I do not intend to enter that debate, or attempt to resolve it.  I hope that what I have in 

mind will be somewhat clear, and at least intuitive.  And that is roughly this:  the function of a 

non-naturally occurring thing (an artifact) is the task or tasks or role which it plays in some 

sphere of human activity, dictated by a final cause.  Even though the natural world has been 

shorn of teleology and final causes, it still makes sense to speak of an artifact like a hammer or a 

ship or a government having a function.  One can still sensibly ask what the final cause of a 

government is.  To speak of a tree or Drosophila melanogaster having a function dictated by a 

final cause no longer makes sense.   

Of course, we might actually speak of a species having a “function” within a particular 

ecosystem.  We could speak of bees having the function of pollinating local flowers.  This is the 

role they play in that economy.  But if this is their “function” (or one of them), it is an evolved 

one, occurring naturally.  They “purposely” seek pollen, but they lack intentions, and their 

purposes are not steered by final causes.  To speak of bees, or any other species, having a 

function in the same sense that artifacts have functions is almost an anthropomorphism, or an 

injection of intentionality and purpose into the organic world.  The purpose of my computer is, 

broadly speaking, to process information.  The computer was designed and built with this 

purpose in mind, and the purpose was imposed as it were from the top down.  If species have 
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functions or purposes or roles that they play, they evolved contingently from the bottom up.  But 

these seem to be functions only on analogy with those that artifacts have.  To say that evolution 

has “designed” bees so that they can be pollinators, or that this is the “purpose” that nature has 

conferred upon them, is metaphorical.2   

I suspect one reason why Hull’s thesis appears counterintuitive is because it is the 

function of conceptual systems such as scientific research programs, in the milieu that is the 

sphere of projects of human inquiry, to guide research.  To serve that task, research programs 

need to have a cohesive set of concepts or tenets.  This sentiment is widespread in the philosophy 

of science literature that deals with what Laudan has called “super-theories” (Laudan 1977, 76) – 

higher-level, more inclusive units which encompass many individual but related scientific 

theories.   

For Kuhn, the relevant unit is a “paradigm,” or “disciplinary matrix.”3  A disciplinary 

matrix has four general components (Kuhn 1962/1970; Kuhn 1974).  The first is symbolic 

generalizations such as f = ma.  These function both as laws and as “definitions of some of the 

symbols they deploy” (Kuhn 1962/1970, 183).  The second component is shared commitments to 

beliefs.  These commitments are not merely to propositions (such as “Heat is the kinetic energy 

of the constituent parts of bodies”) but also to models (such as the heuristic that molecules in a 

gas behave like elastic billiard balls in random motion) (Kuhn 1962/1970, 184).  The third 

component is shared values, such as judgments of accuracy, simplicity, self-consistency, and 

                                                 
2 Not that such metaphors are not themselves problematic, nor that declarations that they are metaphors resolves all 
problems.  Some of Darwin’s contemporaries, such as Wallace, disliked  Darwin’s use of “natural selection” on 
grounds that it was an anthropomorphism that implied purpose or consciousness (Ruse 208).  Darwin’s insistence 
that “[e]very one knows what is meant and is implied by such metaphorical expressions” (Darwin 1959, 165) did not 
settle matters. 
3 In the first edition of The Structure of Scientific Revolutions, Kuhn refers only to paradigms.  Kuhn’s 
acknowledged but unintentional equivocation on that term led him to adopt, in the second edition, the term 
“disciplinary matrix” for the sense in which “paradigm” meant a “constellation of group commitments.”  It is in that 
sense that I use the term “paradigm.”   
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plausibility (i.e., compatibility with theories already in place) in theories or in the solution of 

“puzzles,” or judgments of desiderata in predictions (e.g., quantitative predictions are superior to 

qualitative predictions).  The final component is exemplars, by which Kuhn means the problem-

solutions which scientists encounter during their training as exercises in laboratories or in the 

backs of textbooks (Kuhn 1962/1970, 184-187).  A paradigm dictates to scientists the puzzles 

that have solutions and are worth solving, and what will count as legitimate solutions to those 

puzzles.  A scientist who does not adhere to a paradigm will find the results of her research to be 

incommensurable with that of scientists operating within the paradigm. 

For Lakatos, the relevant unit is a “scientific research programme,” which has two 

aspects:  a “negative heuristic” and a “positive heuristic.”  Within the negative heuristic is the 

programme’s “hard core,” the tenets of the programme which its practitioners have designated as 

irrefutable.  The positive heuristic tells scientists which paths of research to pursue, and consists 

of (among other things) suggestions for how scientists are to articulate and expand the program 

by applying it in the solution of an increasing number of scientific problems.  This expansion 

constitutes the construction of the protective belt.  The programme is successful only so long as 

the construction of the protective belt constitutes a “progressive problemshift” – that is, each step 

in the construction leads to the prediction of a new fact, which is confirmed and leads to another 

prediction, which is confirmed, and so on, with the program running ahead of and predicting 

facts, rather than struggling to accommodate them ex post facto.  The negative heuristic of 

research programmes tells scientists to protect the hard core from potential refutation; the arrow 

of modus tollens generated by apparently falsifying discoveries or results is directed instead to 

the auxiliary hypotheses.  These “bear the brunt of tests” and “get adjusted and re-adjusted, or 
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even completely replaced” (Lakatos 1970, 132-133).  To acknowledge that any element of the 

hard core has been refuted is to abandon the research programme.   

Laudan’s research traditions provide, like a Kuhnian paradigm or a Lakatosian scientific 

research programme, “a set of guidelines for the development of scientific theories” (Laudan 

1977, 79).  The guidelines consist of both ontological and methodological commitments.  The 

ontological commitments tell researchers in that tradition what entities exist in the domain to 

which the tradition is applicable and how they interact.  The methodological commitments 

dictate “modes of procedure” which “constitute the legitimate methods of inquiry open to a 

researcher within that tradition” (Laudan 1977, 79).  The ontological and methodological 

commitments will be “intimately related,” such that the “methods of inquiry” are compatible 

with the “objects of inquiry” (Laudan 1977, 80).  The purpose of a research tradition is the 

generation of scientific theories, and the tradition will contain a number of theories which 

“exemplify and partially constitute it” (Laudan 1977, 79).  Some of these theories will be 

contemporaries, and others will be successors to previous theories.  Again, there are penalties for 

defying any of the tradition’s commitments:  “To attempt what is forbidden by the metaphysics 

and methodology of a research tradition is to put oneself outside that tradition and to repudiate 

it” (Laudan 1977, 80). 

 Similarly, Kitcher terms the relevant unit a “scientific practice.”  A practice consists of 

five components:  a language of the practice; the statements in that language which scientists 

regard as acceptable; the questions which scientists regard as the important unanswered 

questions in their field; the form the answers to those questions may take; and the tools and 

methods, such as experimental techniques, which scientists may use in developing those 

answers, and in assessing rival candidate answers.  Scientific change, such as the change 
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wrought by Darwin upon the study of natural history, occurs when any one of these components 

is modified (Kitcher 1985, 144).   

Each of these “super-theories” contains elements which enable it to guide research, and 

which notify researchers when they are going astray.  And they must contain such elements.  

Kitcher, for example, claims that “Darwin’s theory” is “a collection of problem-solving patterns 

aimed at answering major families of questions” (Kitcher 1985, 139).  These patterns take the 

form of “Darwinian histories.”  At their most minimal, these histories look at a group of 

organisms “between t1 and t2 with respect to a family of properties F” and specify “the 

frequencies of the properties belonging to F in each generation between t1 and t2” (Kitcher 1985, 

139).  Such minimal patterns say nothing about the cause of the change in frequencies, nor do 

they provide other details of any particular instance of evolutionary change.  Kitcher recognizes 

that robust Darwinian histories will specify a cause, generally natural selection.  Further, to 

assess any individual Darwinian history, scientists must consider “observational findings” and 

employ “ancillary theories” (Kitcher 1985, 163). 

Kitcher’s minimalist characterization of a Darwinian history has virtues and vices.  One 

virtue is that they are plastic enough to allow for the discovery of mechanisms of evolutionary 

change, e.g. genetic drift.  One vice is that such a minimalist characterization of evolutionary 

change is consistent, for example, with a number of presuppositions regarding the broad 

relationships of organisms (which is one reason why they must be supplemented).  For example, 

the minimalist version involves no commitment to all organisms being related to one another 

through genealogical descent with modification, only to the lineage of organisms in question 

being related through genealogical descent.  A creationist (or perhaps one of Darwin’s early 

critics such as Fleeming Jenkin, whose argument regarding a “sphere of variation” I consider 
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below) who is willing to grant that species evolve but within limits, so that the species boundary 

is never crossed, might be able to apply a Darwinian history within a “created kind.”  A 

Lamarckian also might agree about change in properties over time, while holding that organisms 

are not related in a branching, genealogical relationship.  

What this shows is the need for constraints on the content of Darwinism’s problem-

solving patterns, and on its ontological and methodological commitments.  If to attempt what is 

forbidden by a research program is to repudiate that program, there must be a conception of what 

is and is not forbidden by that program.  Such constraints would put limits on, for example, the 

content and parameters of Kitcher’s schematized Darwinian histories so that they would be 

Darwinian histories and not creationist or Lamarckian histories.   

Hull’s radical contribution to this sort of project is to deny that there is any single tenet, 

concept, or commitment which a paradigm, a scientific research programme, a research tradition, 

a scientific practice, or any such conceptual system, must retain throughout its lifetime.  There 

would be no concept or tenet, nor any set of concepts or tenets, which uniquely characterizes a 

Darwinian history as a Darwinian history.  The criterion by which a conceptual system obtains 

its identity at a time, or retains it over time, Hull argues, is not conformity to a timeless essence.  

It is the same criterion of identity for biological species – appropriate relationships of descent 

from one stage or generation to the next.  It might turn out, coincidentally, that a particular 

conceptual system retains one or more tenets or concepts throughout its lifetime, but it need not.  

As would be the case with a biological species, it is irrelevant whether any of the concepts 

present in the system at t0 remain at tn, as long as relations of conceptual descent connect every 

stage from t0 to tn, and the proper conceptual relations link the concepts together at each stage. 
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This is contrary to Kuhn’s and Lakatos’s conceptions.  On Kuhn’s account, the work 

which scientists do within a paradigm constitutes “normal science,” a stable period that consists 

merely of the solving of “puzzles” within the paradigm’s domain with the resources of the 

paradigm:  “Normal science does not aim at novelties of fact or theory and, when successful, 

finds none” (Kuhn 1962/1970, 52).  Only upon the appearance of anomalies do scientists devise 

new theories in their attempt to subsume anomalies under the terms of the paradigm (although 

scientists are free to, and do, ignore anomalies).  They do not reconsider or revise the 

fundamentals of the paradigm, because paradigms are all-encompassing worldviews which can 

only be accepted or rejected as a whole.  To the scientist, once a paradigm has emerged, “there is 

no such thing as research in the absence of any paradigm;” therefore to abandon a paradigm 

when there is no rival paradigm on offer to take its place it to give up on science itself (Kuhn 

1962/1970, 79).    

Similarly, the hard core of a scientific research programme never changes.  Modifications 

are made only in the protective belt of auxiliary hypotheses which defend the hard core of the 

programme from falsification.  Lakatos differs from Kuhn in that (among other things) 

researchers are to take anomalies seriously, because they are inconsistent with the dictates of the 

programme.  Still, they can be placed under “temporary ad hoc quarantine” while research 

continues under the positive heuristic (Lakatos 1970, 143).  At some point, scientists will realize 

that the programme is lagging behind the discovery of facts rather than predicting them, and has 

entered into a “degenerating problemshift.”  It is then rational for researchers to turn to a rival 

programme that offers greater “heuristic power” and which explains the successes of the 

previous programme (Lakatos 1970, 155).  This is in contrast to Kuhn’s view, where the 

transition from one paradigm to another does not occur through a “cumulative … articulation or 
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extension of the old paradigm” (Kuhn 1962/1970, 84).  It is not a rational process, but a 

thoroughgoing, psychological “gestalt switch” that is akin to a religious conversion (Kuhn 

1962/1970, 151).  The important point for our purposes, however, is that any change in the 

programme does not come from modification of the hard core; it remains unchanged throughout 

the life of the programme.  

Kuhn’s and Lakatos’s views have been highly influential, and their common view that 

paradigms and research programmes undergo no fundamental change during their lifetime may 

help to explain why philosophers would be loathe to think that conceptual systems cannot or do 

not have an essence.  This does not, of course, mean that Kuhn and Lakatos are correct on this 

point.  Not all philosophers agree that these higher-level units must retain sets of tenets or 

concepts over their lifetime.   

Laudan, for example, recognizes the same fact that Hull does:  conceptual systems 

evolve.  All research traditions are “historical creatures,” born “within a particular intellectual 

milieu” (Laudan 1977, 95).  They have a life in which their fortunes “wax and wane,” and which 

includes, like that of individual organisms, eventual death (Laudan 1977, 95).  On these points, 

Laudan seems somewhat in agreement with Kuhn and Lakatos.  The greatest point of 

disagreement is Laudan’s contention that, as research traditions evolve, “there is a preservation 

of most of the crucial assumptions of the research traditions;” there is “relative continuity 

between successive stages in the evolutionary process” (Laudan 1977, 98; emphasis in original).   

Laudan argues that the latest “formulation” of a research tradition may be much different, 

perhaps entirely different, from its earliest formulation.  However, he believes it would be 

“positively misleading” to characterize each formulation as a “new” research tradition, “for such 

language conceals from us the crucial conceptual ancestry and similarity which such cases 
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exhibit” (Laudan 1977, 98).  Thus it appears that there is no set of commitments, nor any single 

commitment, which a research tradition must retain over its lifetime in order for it to remain the 

same research tradition.  But Laudan recognizes that this immediately raises two crucial 

questions.  First, in what sense is the research tradition the same over time if it “can undergo 

certain deep-level transformations”? (Laudan 1977, 99)  Second, how can we distinguish change 

within a research tradition – the replacement of commitments within the tradition – from the 

replacement of one tradition by another?  How, that is, do we know when we have a new 

research tradition?  I will take these questions up shortly.  Before moving in that direction, and to 

complete the overview, I wish to point out that it is unclear where Kitcher stands on this issue 

with respect to scientific practices.  In the transition from Newtonian physics to the special 

theory of relativity, Kitcher claims that the “primary focus of the change” was to the language of 

the practice and to the set of accepted statements (Kitcher 1985, 145).  Whether this is correct is 

a tangential matter.  The point is that this could indicate that if any components of a scientific 

practice are replaced, then we have a new practice.  Newtonian physics and the special theory of 

relativity are definitely not the same. 

The question of whether to trust our intuitions about the nature of conceptual systems, or 

to accept Hull’s implication, cannot, of course, be settled by an appeal to the authority of any 

particular philosopher of science.  Unless one again wants simply to dig in one’s heels, one 

would need to provide independent evidence that Lakatos, for example, is correct about the 

nature of scientific research programmes, and due to those reasons, he is correct that research 

programmes must have a hard core that constitutes the programme’s essence.  That is not my 

purpose here.  I bring in these four conceptions of “super-theories” to show that that even 
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Laudan, an advocate of something like Hull’s view, recognizes that it leaves an unsolved 

problem, that of identity over time. 

 

3. The Cohesion of Darwinism   

Before turning to what I believe is the solution to the problem of identity, I wish to 

address another line of response to Hull, regarding the degree of cohesiveness which research 

programs need to possess to gain acceptance from scientists and achieve the status of a guiding 

(rather than simply a candidate) research program.  Since conceptual systems are unique, I doubt 

that there is some universal point at which all research programs gain sufficient cohesion to 

guide research.  I suspect that the critical point will be reached at different times in different 

systems, depending upon the concepts or tenets in the program and the relations among them, 

and by how the concepts in the system and their interrelations have psychological impact upon 

scientists such that they are galvanized to take up the program.  Darwin’s 1859 theory might not 

have effected the revolution that it did had Darwin died, say, the day the Origin was published, 

and had he then no longer been around to build, through his voluminous correspondence with 

and nurturing of fellow scientists, a network of allies willing to take up and defend his cause.  On 

the other hand, the theory might not have served as a rallying point for a generation of 

naturalists, no matter how much network-building Darwin attempted on its behalf, had the theory 

itself been significantly different.  The latter point is germane to the consideration which I wish 

to address next. 

 In his autobiography, Darwin recounted how, in October 1838, “for amusement” he read 

Malthus’s Essay on the Principle of Population, and this crystallized his speculations and helped 

generate the theory of natural selection (Darwin 1958, 120).  Whether Darwin actually picked up 
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Malthus for amusement, his notebooks from 1838 indicate he did read Malthus at the time, and it 

did spur his thinking (Browne 1995).  Malthus argued that, unless checked, human populations 

would face disaster, as population increases geometrically while food supplies increase during 

the same time arithmetically.  Darwin realized that the same held true in nature.  In the war for 

scarce resources, organisms that were better adapted to their circumstances would prevail and 

supplant those which were not as well adapted.  Differential death rates would cause a species to 

change over time.  If circumstances changed, the species would be pushed in a different 

direction, forced to develop adaptations or die (Browne 1995, 385).  This constituted the 

beginnings of Darwin’s deduction of the existence of natural selection:  “[I]t at once struck me 

that under these circumstances favourable variations would tend to be preserved, and 

unfavourable ones to be destroyed.  The result of this would be the formation of new species.  

Here, then, I had at last got a theory by which to work” (Darwin 1958, 120).  

 But as Darwin also recounted, “at that time I overlooked one problem of great 

importance,” which was “the tendency in organic beings descended from the same stock to 

diverge in character as they become modified”  (Darwin 1958, 120).  Darwin’s eventual solution 

to this problem was the “principle of divergence.”  There is an abundant literature on the factors 

that led Darwin to realize he needed such a principle to explain how species diversified, when 

exactly he developed the principle, and to what extent he was influenced in this regard by Alfred 

Russel Wallace’s thoughts on branching evolution.  It is not my purpose to address those 

questions here.  The fact of the matter is that sometime in the mid- to late-1850s, Darwin did see 

a need for such a principle, and that it needed to be integrated with the theory of natural 

selection.  
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 The principle of divergence draws from and reinforces Darwin’s view that varieties are 

incipient species.  If the varieties within a particular species became at all diversified “in 

structure, constitution, and habits,” such that that they were able to exploit “many and widely 

diversified places in the polity of nature,” this would tend to reduce competition among the 

varieties (Darwin 1859, 112).  Due to the struggle for existence, any further change in structure, 

constitution, and habits that further lessened this competition – by increasing the ability of the 

varieties to exploit their “new stations” – would be favored, and natural selection would push the 

varieties ever further apart (not necessarily in physical space – rather, in morphological or 

behavioral space) until the varieties “rendered very distinct from each other, take the rank of 

species” (Darwin 1859, 114). 

 While Darwin may have had a theory with which to work when he formulated the theory 

of natural selection, he did not have a theory sufficiently cohesive to stimulate others until he 

integrated the principle of divergence with natural selection.  It is the formulation of the principle 

of divergence that made possible the famous diagram of branching evolution which appears in 

the Origin, in the chapter on natural selection within a few pages of his explanation of the 

principle.  Without the principle, Darwin could account for organisms becoming adapted to their 

environments.  But he could not have truly solved the “mystery of mysteries” which Herschel 

had originally posed and to which Darwin applied his efforts – where new species come from 

(Mayr 1992, 344).  Branching evolution where species, genera, families and orders are the 

modified descendants of a single common ancestor requires an explanation of diversification.  

Natural selection along a single line – successive replacement – explains the increasing 

adaptation of a species to its surroundings, but not diversification. 

 23



 

Absence of the principle of divergence would have left Darwin even more vulnerable to 

criticisms such as that launched by Fleeming Jenkin:  that all species of animals and plants 

appear to lie within a sphere of variation.  Members of a species near the center of their sphere 

have the capability of varying more than those near the surface, which represents a limit of 

maximum variation.  Greater variation carries organisms closer to the surface, and the amount of 

further variation is diminished, until the species can vary no more (Hull 1973, 308).  Were a 

criticism like Jenkins’s valid, it would mean that eventually an evolving line would run out of 

variation.  For it to produce a new species, something like a decisive break or jump – a saltation 

– would have been required.   

This would have saddled Darwin with a seemingly inconsistent picture:  the gradual 

natural selection of favored organisms would have been sufficient to adapt species to their 

environments, but gradual processes would have been insufficient to produce new species.  

Darwin’s theory prior to his formulation of the principle of divergence would have been cohesive 

in Hull’s sense only minimally, in that relations of “gave-rise-to” or “mutually support” would 

have existed between, for example, such concepts as the struggle for existence and the natural 

variation of members of a species.  But it is the principle of divergence which crystallized 

Darwin’s theory, linking the concepts of the theory of natural selection with those of gradualism 

and the branching pattern of descent with modification.  It was this tightly integrated group of 

related concepts which men like Hooker and Huxley encountered in the Origin, and which, as 

Kitcher puts it, “stiffened their convictions and fired their enthusiasm” (Kitcher 1985, 128).  

These considerations indicate that once Darwin had produced a tightly interlocking mixture of 

concepts which others perceived could guide their research – which showed which were the 

important problems in biology to be addressed, and how they ought to be solved – each one of 
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those concepts attained something like the status of the keystone of an arch:  remove one, and the 

conceptual system would fracture and break down.  The interlocking relations give content to the 

tenets which include the concepts.  These tenets, and the concepts they include, form an 

integrated whole.  None of the interlocking concepts and the tenets which include them are then 

expendable. 

On the analogy with biological species, this integrated whole would be something like the 

genome of a species.  In a sexually reproducing species, the species’ genome must be sufficiently 

stable to allow organisms to interbreed over multiple generations.  It must also be sufficiently 

resilient that it curbs excessive gene flow from other populations.  Too much gene flow from 

outside, and a population of organisms will not be able to establish itself as a separate species.  It 

will fail to become an individual with its own evolutionary fate.  The genome can and will vary 

somewhat in each individual, but the variations in the genome tend to be made around something 

like a stable core.   

The process of the crystallization of a conceptual system would be analogous to the 

process that would occur if Mayr’s founder effect takes place during speciation events.  The 

founders of a new species, which may be as few as a single pair of animals, or even a single 

fertilized female (Mayr [1942] 1964, 237), will carry a random sampling of the parent 

population’s genome, a sampling that will likely contain a smaller “reservoir of genetic 

diversity” than the parent population (Mayr 1963, 530).  Once isolated, the founder group will 

face different selective pressures from a different environment than the parent population.  

Against a new genetic and environmental background, genes and gene combinations in the 

founder group may have much different selective values than they did originally.  In a large, 

open population exposed to “alien genes,” genes that are “good mixers,” that is, which can form 
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stable heterozygotic combinations, are likely to be favored (Mayr 1963, 532).  In a small, 

isolated population, homozygotes will be more frequent, and will be exposed to greater selection; 

they will begin to be favored for their “soloist” effects, rather than for being “good mixers,” and 

are likely to spread (Mayr 1963, 533).  Mayr suggested factors such as these could unleash a 

“genetic revolution” in which changes in gene frequency – and thus evolution of the isolated 

population – would happen very rapidly, until the genome of the population reached a “new state 

of equilibrium” (Mayr 1963, 534).  Once this state is reached, the population is likely to have 

established itself as an individual with a unique evolutionary trajectory. 

This would be something like the “shakedown” process which Darwin’s theory went 

through once he devised the principle of divergence, integrated it with work he had already done, 

completed the Origin, and presented it to the scientific community, which would evaluate it and 

decide whether or not to pursue it, and under what conditions.  Only after it passed through this 

crystallization point and achieved a state of equilibrium would it be an individual with its own 

evolutionary trajectory.  It would then have a stable “genome” that was sufficiently plastic that it 

could adapt to changing “environmental conditions,” e.g., discoveries about the genetic basis of 

inheritance and variation, without breaking down.  Yet it would be sufficiently resilient that it 

would not be quickly subsumed by some other research program, nor prevented from 

propagating itself through time. 

 I suspect that an advocate of Hull’s position could at this point object that all of this is 

consistent with that position.  The above consideration only points out that some collections of 

concepts, like some collections of genes, will be more cohesive than others.  The fortunes of a 

scientific research program are expected to wax and wane, and the waxing and waning may go 

hand-in-hand with the loss and acquisition of concepts that make the system more or less 
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crystallized.  It does not bar the replacement of concepts, nor does it show that any particular 

concept is essential.  All one would need to do, to ensure that the system can continue to stiffen 

the convictions and fire the enthusiasm of researchers, is replace one concept with another that 

produces a set of tenets which is just as integrated as a whole.  As long as that is done, the 

research program can continue to function as a research program. 

Such a rejoinder may be true.  But it would seem to strain credulity to assert that a 

concept such as natural selection, which seems to be universally regarded as making up one of 

the tenets of Darwinism and which is central to the cohesiveness it possessed in 1859 and 

possesses today, could be lost from the program (while the principle of divergence is retained), 

and replaced with another concept, in such a way that the system would remain just as cohesive 

and remain something which would be recognizably Darwinian.  Apparent strains on credulity, 

however, are not themselves demonstrations of falsity, and Hull’s entire argument is based upon 

our intuitions in these matters being unreliable, so another consideration is required.   

 

4. The Function of Darwinism 

This returns us to Laudan’s problem, that of the identity of research traditions over time.  

It is a variation on the classic “Ship of Theseus” problem.  We could conceive of the elements of 

a research tradition as being like the planks that make up a ship.  Suppose the constraints on a 

research program – those which individuate its assumptions, or commitments, or problem-

solving patterns from those in other programs – are replaced successively by others until none of 

the original planks of the program remain (although at no time are all the planks jettisoned 

simultaneously).  Is this the same program we started out with?  The situation with conceptual 

systems seems more bedeviling than the Ship of Theseus as traditionally conceived.  In the 
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traditional problem, pieces of the Theseus are replaced successively by qualitatively identical 

parts.  In the case of research programs, the replacements may be quite different from the 

original parts.  Most likely, if all the tenets can be replaced, before the final replacement has been 

made, we will have a much different beast from the one we started with.  This is much like 

starting out with a wooden sailing vessel, and ending with John F. Kennedy’s PT-109. 

Laudan offers a “partial answer” to this problem (Laudan 1977, 99).  He agrees with 

Lakatos (among others) that some tenets of a tradition are “sacrosanct,” and that to abandon the 

central tenets of a research tradition is to “move outside the research tradition” (Laudan 1977, 

99).  But he believes, contrary to Lakatos, that “the set of elements falling in this unrejectable 

class [i.e., the central tenets] changes through time” (Laudan 1977, 99).  This is because “at any 

given time, certain elements of a research tradition are more central to, more entrenched within, 

the research tradition than other elements” (Laudan 1977, 99).  Whether this is even a partial 

answer is arguable, for the proposed solution – in Laudan’s words, “relativizing the ‘essence’ of 

a research tradition with respect to time” (Laudan 1977, 100) – seems to restate the observation 

he made earlier:  that there is relative continuity between successive stages in the evolution of a 

research tradition.  And Laudan acknowledges that this leaves unanswered the question of how 

scientists decide which tenets or elements are sacrosanct and unrejectable.  He proposes, 

tentatively, that whether certain elements fall into the unrejectable class depends upon how 

conceptually well-founded they themselves are.  Over time, it may be discovered that certain 

elements once thought to be essential are in fact not (Laudan 1977, 100). 

 Hull would no doubt recognize this as a parallel to the problem of determining when one 

species has evolved into another.  In the case of phyletic evolution – the evolution of a single 

lineage – “[if] a single species gradually evolves into a second species, the ancestral species is 
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clearly extinct” (Hull 1976, 186).  If there is no single specific character which the species must 

retain to remain the same species – no species essence – then selection of where the species 

boundary lies, and at what point the lineage crossed it, will probably be arbitrary.  Under 

Simpson’s evolutionary species concept, which seems to be the sort of species concept which 

Hull has in mind, the “chopping of the lineage into segments” will be arbitrary (Simpson 1961, 

165).  It is “arbitrary,” because the segment in question has an “external continuity” with other 

segments of the lineage (Simpson 1961, 115).  Thus I conclude that anyone advocating Hull’s 

position on the essences of conceptual systems would adopt the same view when it comes to the 

evolution of conceptual systems.  At some point, a sufficient number of the tenets of an evolving 

research program would have been replaced so that we would feel inclined to say that the 

research program had evolved into another one, and that the original was extinct.  But our 

decision would be arbitrary.  Even if a concept as intuitively essential to Darwinism as natural 

selection were lost, as long as the proper relations of descent connected the stage at which the 

conceptual system included selection as a component to the stage without it, any decision that 

Darwinism was extinct at that point would not be a principled one. 

I propose that there is a way to make such a decision which is at least partly principled.  It 

lies in recognizing not only that conceptual systems have functions, but in recognizing the 

distinction between the generic function of conceptual systems, and the specific functions of 

specific conceptual systems.  Here we find an important disanalogy between research programs 

and species.  Research programs are human artifacts.  Indeed, they are a specific sort of human 

artifact.  They are tools.  They are created to perform a certain task (or tasks) according to certain 

specifications to satisfy certain desires on the part of their creators.  Like any other tool, they 

have something like an essence.  This is not a Platonic sort of essence, a timeless archetype 
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existing in an ideal realm.  Rather, to say tools have an essence is to say that there is some set of 

conditions, imposed by and relative to the needs of human beings, which an object must satisfy 

to count as and serve as a tool of that sort.  A hammer, generically, is the sort of thing which can 

drive nails or deliver blows to other objects.  To do this, it must have some kind of head which is 

the part which makes contact with other objects, and which can resist becoming immediately 

deformed by the striking.  It must also have something like a handle which allows the user both 

to control the motion of the head, and transmit kinetic energy to the head.  Whether head and 

handle must be made of any particular material, or what shape they must take, will depend upon 

the purpose to which the hammer is put.  If it is a hammer to be used in the context of (or, to 

adopt a phrase I will introduce shortly, in the spirit of) metalworking, it will probably need to 

have the specific features of a ball-peen hammer.  If it is to be used in the context of framing a 

house, it will probably need to have the specific features of a claw hammer. 

Returning to the problem of identity, one might be able to accept the wooden original 

Theseus and its steel-clad descendent PT-109 as the same ship, provided that the latest 

“formulation” in the lineage can perform the same function as the original.  For that to obtain, 

there will be certain fairly strong constraints on the properties which the descendant must 

exhibit.  It will need to be buoyant.  It will need some method of propulsion.  It will need some 

means of navigation.  And it will have to be able to carry human beings.  Were the Theseus 

originally a ship of war, for it to remain a ship of war, let alone the same ship, it will have to 

retain features that allow it to perform that role in the economy of human activities.  Just as 

functional requirements put constraints on what the Theseus can evolve into and still perform the 

task it was developed to do (thus remaining the same ship), or on what features an object must 

have to function as a hammer, functional requirements put constraints on how much a research 

 30



 

program can evolve and remain the same research program.  We might wonder whether the 

wooden Theseus and its descendant, the PT-109, were the same ship, but had the modified 

Theseus been brought deeply ashore, and modified further so that it could be used as a dwelling, 

we would probably have little doubt that it was a different entity.  Similarly, if a research 

program must be so extensively modified that it no longer addresses or can address the types of 

problems in science that it was developed to address, or if it attempts to address the same types 

of problems but only after being refit with radically different assumptions and commitments, it 

has evolved into a new research program, and the original program, like an extensively modified 

species, has gone extinct.   

Scientific research programs have a function:  to solve particular problems within a 

particular domain or set of domains in science.  Kuhn, Lakatos, and Laudan can all be taken to 

have pointed out that in order to do that, there is some set of components which, in general, they 

must have.  But we must also consider the roles that specific programs play.  Mayr points out a 

distinction in biology between asking “how” questions and “why” questions, which correspond 

to different areas of biology:  “functional biology” and “evolutionary biology,” respectively 

(Mayr 1961, 1501).  Practitioners in both areas must have a “knowledge and appreciation” of the 

other area, but they are largely concerned with their own type of question.  The basic question of 

the “functional biologist” is the “how” question, such as:  “How does something operate?” – 

whether that something is biological molecules, cells, organs, or whole organisms  (Mayr 1961, 

1502).  The basic question of the “evolutionary biologist” is the “why” question, such as “How 

come?” where the question is asking about the history of a species, the diversity of life, or of 

adaptations.  Functional biology is incomplete without evolutionary biology, Mayr argues, 
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because “there is hardly any structure or function in an organism that can be fully understood 

unless it is against this historical background” (Mayr 1961, 1502). 

Integrating Kitcher and Mayr, I propose that the specific function of Darwinism is to 

guide research which seeks answers to major families of related “why-questions” about 

organisms, and to do it along particular lines – those lines being those which are in the spirit (not 

the letter) of Darwin.  Thus, it would not be a coincidence if a particular set of concepts and the 

tenets to which they give rise have persisted throughout the lifetime of Darwinism, because to 

guide research in the spirit of Darwin, it is necessary that the Darwinian research tradition 

contain certain concepts.  This is not a strong sense of necessity – it is not metaphysical 

necessity.  It is conditional:  if one wants to seek answers to “why-questions” in biology in the 

spirit of Darwin, then one must do one’s research consistent with a minimal set of concepts, 

tenets, and commitments.  

 This may appear to be essentialism rearing its head back into the picture.  If so, it is what 

I would argue is a relatively innocuous sort of essentialism, as outlined above.  The main concern 

regarding creeping essentialism seemed to be that if conceptual systems have essences, they 

cannot evolve.  Yet the actual concern which Hull expresses is that if conceptual systems evolve 

in something like the way in which species evolve, then they cannot have an essence.  The 

obvious response to this is that conceptual systems need not evolve like species do.   

The challenge, then, is to specify the elements of Darwinism as a research program that 

“fired the enthusiasm” of the first Darwinians because they provide the critical degree of 

cohesiveness, and to see which (if any) of them the program has carried through time, and why.  

These will be somewhat abstract metaphysical and methodological commitments that not only 

made the research program originally attractive, but which individuate it from other research 
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programs at any given time and over time.  The challenge is also to show that “essentialism” 

does not rule out evolution.  And it does not rule it out, provided we consider two possibilities.  

The first is that the concepts or commitments of the program are themselves subject to some 

variation, dictated in part by the ancillary theories with which the program must be 

supplemented.  They are in a sense like skeletons which will have a slightly different appearance 

over time, depending upon how they are fleshed out:  a genotype with more than one 

corresponding phenotype.  The second is that Hull’s argument seems to rest upon, or seems to 

presuppose, a single pattern of evolution:  phyletic evolution, or anagenesis.  Were that the only 

pattern of evolution, it might indeed concern us if conceptual systems had an essence, as it would 

if species did, since it would seem to make the continuous transformation of a species 

impossible.   But we can expand Hull’s analogy to consider not merely the “anagenetic” 

evolution of conceptual systems, but “cladogenetic” evolution as well – something Hull does not 

appear to address in any of his writings on this subject.  When we do expand the analogy, we 

will find that the presence of constraints does not prevent the evolution of Darwinism as a 

conceptual system.   
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Chapter Two:  “Essential” Darwinism; or, Darwinism with a Soft Core 

1.  Research Traditions and the Central Tenets of Darwinism 

In the previous chapter I diagnosed an important disanalogy between research programs 

and species.  Research programs are human artifacts, and like many human artifacts, they have 

functions – they are created to perform a certain task in a certain way, according to the needs, 

desires, or intentions of their creators.  Species, and other naturally occurring entities, are not.  

This is not to say that all human artifacts are material, static entities like ships or hammers.  

Governments are also human artifacts, and governments are both non-material and dynamic.  

Nevertheless, one can specify certain requirements which an entity must meet in order to be the 

type of entity we would wish to call a government, or in order to play the role of a government 

(and as opposed to being considered merely one part of a government).   Beyond whatever 

generic requirements these happen to be, there will specific requirements the entity will have to 

meet for it to count as a particular type of government.    There will also be further requirements 

which it must meet to count as, for example, the type of government spelled out in the U.S. 

Constitution. 

The task in this chapter is to specify what I take to be the central tenets of Darwinism as a 

scientific research program.  To illustrate this, I will adopt Laudan’s notion of a research 

tradition.  It might seem that a more likely candidate would be Lakatos’s scientific research 

programmes, as Lakatos’s views are more widely known and more widely discussed in the 

literature.  I believe that Darwinism could be cast fairly unproblematically as a Lakatosian 

research programme.  But I also believe that Laudan makes cogent criticisms of Lakatos – about 

the nature of research programmes (e.g., whether they truly have a hard core), about the relation 

between successor theories within a research programme, and about the effect that an 
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“accumulation of anomalies” has on the appraisal of a research programme (Laudan 1977, 77-

78) – although these are actually tangential to the current project.  Laudan’s conception of the 

evolution of research programs is also more in line with my own.  Indeed, Laudan notes that 

“Lakatos’ research programmes, like Kuhn’s paradigms, are rigid in their hard-core structure and 

admit of no fundamental changes” (Laudan 1977, 78).  While I will be proposing tenets that are 

something like fundamentals, I hope to show that they are flexible enough to accommodate non-

trivial change, so that they would constitute a blurring of Lakatos’s “hard core” and “protective 

belt.”  I also agree with Kitcher that one of the strongest resources that Darwinism has as a 

research program is its unified set of problem-solving patterns.  This account of Darwinism’s 

virtues can, I believe, be better grafted onto Laudan’s account of the nature of research traditions 

than it can onto alternatives such as Lakatosian research programmes or Kuhnian disciplinary 

matrices.  As Burian has pointed out, because evolutionary biology is “a complex 

interdisciplinary field,” there are good reasons to be skeptical that one could portray it as 

exemplifying a single “disciplinary matrix” (Burian 1989, 151). 

As outlined previously, a research tradition provides “a set of guidelines for the 

development of scientific theories” (Laudan 1977, 79).  A research tradition contains several 

“specific theories which exemplify and partially constitute it,” some of which will be 

contemporaries, others of which will be successors to previous theories (Laudan 1977, 79).  The 

guidelines contain an ontology – commitments about the “types of fundamental entities which 

exist in the domain or domains within which the research tradition is embedded” – and other 

“metaphysical” commitments, such as “the different modes by which these entities can interact” 

(Laudan 1977, 79).  The tradition will also include methodological commitments, “certain modes 

of procedure which constitute the legitimate methods of inquiry open to a researcher within that 
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tradition” (Laudan 1977, 79; emphasis in original).  It is in this category that something like 

Kitcher’s Darwinian histories comes into play.  Moreover, the ontological and methodological 

components of a research tradition will be “intimately related” – “one’s views about the 

appropriate methods of inquiry are generally compatible with one’s views about the objects of 

inquiry” (Laudan 1977, 80, emphasis in original). 

On this view, what are the central elements of Darwinism?  On the metaphysical side, 

there is (1) a commitment regarding the relationships among all organisms:  organisms are 

related to one another in a branching pattern of descent with modification in true genealogy from 

one or at most a few common ancestors;  this commitment entails a commitment to organic 

evolution, or what Mayr has called “evolution as such” Mayr (1985).  Another is (2) a 

commitment regarding the entity that evolves:  populations or species (not individual organisms), 

largely through the differential reproduction of advantageous variation.  Yet another is (3) a 

commitment regarding the reality of adaptations, and to (4) some selective mechanism that at 

least explains how organisms come to have adaptations.  There is also (5) the rejection of 

teleology, at least in a cosmic, global, or quasi-Lamarckian sense; that is, there is no single goal 

of evolution, no global notion of progress, nor are there such goals even within lineages.  The 

paths of evolution are contingent, and their long-term future trajectories are not predictable.  On 

the methodological side, there is (6) the exclusive employment of naturalistic explanations for 

organic change, whether this is over time (descent), over geographic space (dispersal or 

multiplication of species), or within a population (adaptation or other shift in the frequency of 

traits).  Finally, (7) scientists are to look to and investigate the history of organisms to explain 

their present state. 
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I take these to be the necessary commitments or tenets of Darwinism.  They are the 

commitments which a scientific research program in biological evolution must have in order to 

count as Darwinian.  I will discuss the justification for these component shortly.  First, it is 

important to see why these are the necessary tenets.  This has to do with there being an 

“essential” Darwinism.  The “essence” of Darwinism is not merely the key tenets, but also the 

way in which these tenets interlock to identify the relevant problems in biology, and to shape and 

inform the sets of related questions and answers that make up the Darwinian research tradition.  

The “essence” creates the  Darwinian “problematic,” and constrains the appropriate solutions 

therein. 

Thus, if a scientist is to address the question of how organisms come to have the 

marvelous contrivances which they do, and to pursue the question in a Darwinian spirit, she will 

have to formulate a naturalistic explanation.  Unless it is known that adaptations can emerge 

fully formed and “perfect” (something like what Bateson believed, an issue taken up in Chapter 

3), such an explanation will need to invoke a mechanism that shapes successive generations of a 

species to build up that adaptation – namely, selection.  This will be an inherently historical 

explanation, and one which sees the population as the evolving unit.  Alternatively, if a scientist 

wishes to explain some fact of biogeography in a Darwinian spirit, that explanation will also 

have to be naturalistic, and will also be inherently historical, with attention paid to groups of 

genealogically related organisms.  The likely starting point of such an investigation will be the 

assumption that all of the geographically distributed groups under consideration are descended 

from a single ancestral group – hence a branching pattern of descent.  If the inquiry includes a 

comparison of utilitarian features of the geographically distributed populations, then this inquiry, 

too, will require the invocation of a selective mechanism.  
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An explanation of the existence of related plant species, for example, between a mainland 

and an island will need to consider – just as Darwin did – how the species migrated from one 

location to the other.  A determination will need to be made as to whether the mainland and 

island were formerly connected, or whether the plant was transported as seeds by water or by 

wind, or by being carried on or in migrating animals.  A determination will need to be made as to 

whether the differences between the mainland and island species are adaptations.  Even if they 

are not, an explanation will be needed for the differences, and this explanation will involve the 

history of the two species.  The investigation, in other words, will be molded by the 

commitments of the tradition from inception to conclusion.  It will be sparked by features of the 

biological world which scientists are enjoined to look for by the commitments of the tradition, 

such as apparent relatedness between geographically dispersed species.  These features will raise 

a number of questions.  There are some questions they will not raise – questions, that is, which 

are ruled out by the commitments of the program.  One question which will not arise will be 

whether the apparently related plant species were specially created in their respective locations.  

The answers to the legitimate questions will be constrained or channeled along particular lines.  

Proposed answers may generate new questions, and these, too, will be framed in conformity with 

the essential tenets.  The central tenets not only describe the boundaries of the tradition – they 

prescribe the moves which practitioners in the tradition may make.  

Note, however, that the central tenets are not identical with “Darwin’s five theories of 

evolution.”  This is because Darwinism as a research program is more inclusive that Darwin’s 

actual (compound) theory of evolution.  This is consistent with the nature of Laudan’s research 

traditions, and Hull’s assertion that there is a difference between “scientific theories, narrowly 

defined” and the broader research programs that include them (Hull 1985, 809).  Darwin 
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advocated gradualism and Huxley advocated saltationism, but both argued within a tradition 

which Darwin established.  Gradualism as Mayr’s “population thinking” is a hallmark of 

Darwinism.  Gradualism as the extremely slow accumulation of small variations and 

modifications is central to Darwin’s theory.  But gradualism in the latter sense is not central to 

the broader research program.  It is not central that natural selection act, as Darwin believed it 

did, “very slowly, often only at long intervals of time, and generally on only a very few 

inhabitants of the same region at the same time” (Darwin 1859, 108). 

Similarly, while one of the phenomena the program addresses is the multiplication of 

species, there may be (and are) many theories as to how this happens.  In the Origin, Darwin 

seems to stress what today is known as sympatric speciation:  “Throughout a great and open 

area, not only will there be a better chance of favourable variation arising from the large number 

of individuals of the same species there supported, but the conditions of life are infinitely 

complex from the large number of already existing species” (Darwin 1859, 105).  But he also 

seems to believe that some sort of ecological or geographical isolation is important, primarily “in 

checking the immigration of better adapted organisms, after any physical change, such as of 

climate or elevation of the land” (Darwin 1859, 104).  There are even passages which to modern 

eyes look more like they are describing allopatric or parapatric speciation.  A “large continental 

area,” he argues, will “undergo many oscillations of level.”  This will be “converted by 

subsidence into large separate islands,” each containing a sample of a species.  The partitioning 

into islands will check “intercrossing” and immigration, forcing the inhabitants to become 

adapted to their new surroundings.  When “by renewed elevation, the islands shall be re-

converted into a continental area, there will again be severe competition” as the modified 

inhabitants again come into contact (Darwin 1859, 107-108).  Mayr argues that Darwin “never 
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fully realized that there was a fundamental difference” between what today would be called 

phyletic evolution (“typological change of a species in the time dimension”) and what Mayr calls 

“genuine speciation” – the multiplication of species by the splitting of lineages (Mayr 1992, 

349).  Nor did Darwin make a clear distinction between ecological separation (separation by 

niche) and geographic separation (separation by physical isolation) (Mayr 1992, 351).  It is not 

my purpose to attempt to settle this issue.  However we might classify using modern terminology 

the way in which Darwin believed new species arose, for Darwin speciation was driven by 

natural selection, as evidenced in the discussion in the previous chapter regarding the principle of 

divergence.   

Still, while the broader program will need to produce at least one theory about how 

speciation happens, it is not wedded on this point to Darwin’s view.  In fact, it would be 

misguided to insist that Darwinism be strictly tied to Darwin’s specific views.  It is true that 

practitioners in the diverse group of disciplines that fall under the umbrella of evolutionary 

biology are practically unique in science in that frequently they advocate for their views or 

against their opponents’ views by arguing by how much or how little they correspond to the 

views of Darwin himself.  But to insist that the research program cling inflexibly to every 

statement Darwin made – to play a game of “Darwin said,” such as creationists do when they try 

to impeach evolutionary theory – would be, as Hull notes, to degrade Darwinism into dogma, 

and to hold a clearly false view that Darwin got everything right straight out of the box.   

Moreover, the broader research program Darwin started is not a collection of statements 

made by Darwin, or beliefs he held.  Such a position is made implausible partly by the fact that 

Darwin said different and sometimes inconsistent things at different times.  Furthermore, as 

Recker points out – drawing upon Kitcher (1985) – if one identifies “Darwin’s achievement” 
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with “a set of connected statements containing Darwin’s innovative views about plants and 

animals,” the set will either be trivial or “an unwieldy morass of claims” (Recker 1990, 460-

461).  Triviality results if one identifies Darwin’s “theory” (for my purposes, the research 

program) with the claims Darwin tied together deductively to produce the concept of natural 

selection.  Naturalists of Darwin’s day would not have doubted the truth of Darwin’s claims 

about variation, the struggle for existence, variations in fitness, heritability, and the deductive 

conclusion itself, natural selection (Kitcher 1985, 129-131; Recker 1990, 461).  On the other 

hand, one cannot identify the program Darwin started with the “motley of information” about 

“particular organisms, their histories, relationships, distribution, and so forth” (Kitcher 1985, 

145), because “hundreds of statements about woodpeckers, mistletoe and pigeons just will not 

provide a rallying point for a scientific revolution” (Recker 1990, 461).  

What is significant is not simply the claims Darwin used in his deduction of the existence 

of natural selection in the vera causa “existence” section of the Origin.4  The significance, as 

Kitcher points out (Kitcher 1985, 131), lies in the implications which Darwin shows that this 

deduction has for the study of natural history.  This lies in Darwin’s argument in the 

“competence” and “responsibility” sections – which comprise Chapters 4 through 8, and 

Chapters 9 through 13, respectively (Hodge 1989, 168) – that the theory of natural selection 

could provide explanations for “many apparently independent classes of facts”  (Darwin 1868, 

14).  The “mass of details” about various plants and animals is “a cornucopia of illustrations” of 

“the questions that biologists should set for themselves” and the strategies they should employ in 

                                                 
4 These are Chapters 1 through 3 (Hodge 1989, 168), where Darwin argues from 1) the fact of variation in nature, 2) 
the fact that more organisms are born than can possibly survive, 3) the consequent fact of a struggle for existence, 
and 4) the fact that offspring tend to resemble their parents, to the fact that that any variation which gives an 
organism an advantage in this struggle will tend to be preserved, and passed along to the organism’s offspring – 
which is to say, there will be a natural selection of advantageous characters which over time will change the 
character of the species. 
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answering them (Kitcher 1985, 145).  What I am identifying as the central tenets of or constraints 

on Darwinism are general commitments shaped by and constitutive of the types of questions 

Darwin argued should be taken up by naturalists, the types of answers he argued should be 

sought, and the strategies he advocated for seeking those answers.  

 

2.  Adaptation and Natural Selection 

Returning to the issue which sparked the foregoing (necessary) digression on speciation, 

if Mayr’s “founder principle” or some readings of Wright’s “shifting balance” theory are correct, 

speciation may sometimes be an at least partially non-adaptive process (Mayr 1942, 1963; 

Wright 1930, 1931).  This is consistent with a commitment regarding the reality of adaptations 

and the need to explain them through some selective mechanism.  Such a commitment does not 

require a commitment to the view that all evolution is always adaptive.  In the Darwinian 

research program, adaptations and selection have pride of place, but they should not be viewed 

as excluding all other causes of evolutionary phenomena.  The program enjoins researchers to 

place an emphasis on searching for adaptive explanations, but does not rule out other 

explanations. At the risk of seeming to fall into the dogmatic stance of invoking the Master, this 

wisely pluralistic understanding of the complexity of the biological world traces itself at least 

back to Darwin himself in the Origin:  “I am convinced that Natural Selection has been the main 

but not exclusive means of modification” (Darwin 1859, 6). 

Natural selection of some form is also required, because it is selection as the primary 

engine of evolutionary change, coupled with common descent, that makes Darwin’s theory stand 

out among others.  As Hodge has pointed out (Hodge, 1976; Hodge 1987; Hodge 1989), and as 

referred to above, Darwin operated in the vera causa tradition, and went to great lengths in the 
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Origin to establish the existence, competence and responsibility of natural selection as a “true 

cause.”  In the Origin, Darwin repeatedly attributes evolutionary change not merely to common 

descent, but to natural selection.  Descent with modification is used to explain such phenomena 

as “unity of type” – “that fundamental agreement in structure, which we see in organic beings of 

the same class” (Darwin 1859, 206) – and the retention of parts “formerly of high importance” 

which are now of “small importance” to their possessors, such as “the tail of an aquatic animal 

by its terrestrial descendants” (Darwin 1859, 206).  But selection is invoked to explain how the 

tail of an aquatic animal comes to be modified “for all sorts of purposes, as a fly-flapper, an 

organ of prehension, or as an aid in turning, as with the dog” (Darwin 1859, 196).  It is invoked 

to explain how organisms acquire “organs of extreme perfection and complication” (Darwin 

1859, 186) such as the vertebrate eye.  It is also invoked to explain how complex instincts such 

as the slave-making behavior of some ants and the hive-making behavior of honeybees came into 

existence (Darwin 1859).   

For Darwinism to lose selection would be for it to lose one of the elements that made 

Darwin’s theory compelling (if controversial) or at least worthy of investigation to his 

contemporaries and those who succeeded them.  In his discussion of the history of concepts 

within Darwinism, Hull notes that Lamarckism – in the form of the inheritance of acquired 

characters – has a checkered history in Darwinism (Hull 1985).  This is meant to cast doubt on 

the existence of there being any concepts or tenets which are essential to Darwinism, for in 

Darwin’s day belief in the inheritance of acquired characters was widespread, and even has a 

place in the Origin (and a greater place in later editions that in the first).  Today, the inheritance 

of acquired characters is largely discredited.  But it is doubtful that anyone’s enthusiasm for 
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Darwinism was fired by Darwin’s occasional attributing of some evolutionary changes to the 

inheritance of acquired characters. 

There need be no commitment, however, to the unit of selection.  This is why I believe 

Hull’s discussion of disagreements about natural selection, upon which I commented in the 

previous chapter, obscures the issue.  As Sober points out, “the abstract structure of the concept 

of natural selection does not dictate that it must be organisms that are the units of selection” 

(Sober 1984, 216).  Indeed, as Lewontin notes, “the generality of the principles of natural 

selection means that any entities in nature that have variation, reproduction, and heritability may 

evolve” (Lewontin 1970, 1).  Although Darwin primarily stressed selection of the individual 

organism, as indicated above, the broader research program need not be limited to selection at 

this level.  Levels at which selection may operate could include “self-replicating molecular 

variants” in the origin of life, cell organelles, cells, and gametes (Lewontin 1970); genes, gene 

complexes, chromosomes, individuals, groups, demes (Wright 1930), and species.   

Other forms of selection, such as sexual or kin selection, may also be at work.  Darwin 

himself invoked both sexual selection and a sort of “family selection.”  Sexual selection is meant 

to explain extravagances such as ornate plumage (the peacock’s tail), armament (the horns of 

stags), or fighting among males.  These traits do not seem to be necessary for the survival of the 

males (and may actually put them in jeopardy), but might aid their possessors in the struggle for 

reproduction, whether this is due to overt competition for mates (Darwin 1859, 88-89) or to 

females “choosing” males (Darwin 1871, 259).   What I am calling family selection (in Darwin’s 

terms, “selection applied to the family” [Darwin 1859, 237]) is meant to explain the origin of the 

apparently altruistic sacrifice of reproduction by sterile workers in ant colonies.  Darwin suggests 

that if “it had been profitable to the community that a number should have been annually born 
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capable of work, but incapable of procreation, I can see no very great difficulty in this being 

effected by natural selection” (Darwin 1859, 236).  While this may sound like group selection, 

Sober (1984) and Provine (1985) suggest it is more plausible to read this as a forerunner of 

Hamilton’s theories of inclusive fitness and kin selection.  Sober suggests, however, that in 

explaining the evolution of altruism in human beings, Darwin explicitly adopts group selection.  

Darwin theorizes that an altruist at the mercy of “the children of selfish and treacherous parents 

of the same tribe” and “ready to sacrifice his life” for his comrades “would often leave no 

offspring to inherit his noble nature” (Darwin 1871, 163).  A “high standard of morality,” 

Darwin suggests, may give no individual man an advantage over his conspecifics; but “an 

advancement in the standard of morality … will certainly give an immense advantage to one 

tribe over another” (Darwin 1871, 166).  The point here is not about the reality of such forms of 

selection or about proper interpretations of Darwin, but about pluralism with regard to selection.  

Such pluralism is not inconsistent with my central tenets of Darwinism, and it has a history as 

old as the Darwinian research tradition itself.   

A commitment to adaptations and their explanation is required, because this was one of 

the phenomena which Darwin and many of his contemporaries, who were trained within the 

tradition of Paleyian natural theology, took as a critical explanandum within biology (Ruse 

1979).  Ruse notes that one of the criticisms of Chambers’s Vestiges of the Natural History of 

Creation was that “Chambers had made an appalling mistake by not giving an adequate account 

of organic adaptation” (Ruse 1979, 115).  Reflecting this tradition, Darwin insists that it is “of 

the highest importance to gain a clear insight into the means of modification and co-adaptation,” 

and that a theory of descent “would be unsatisfactory, until it could be shown how the 
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innumerable species inhabiting this world have been modified, so as to acquire that perfection of 

structure and coadaptation which most justly excites our admiration” (Darwin 1859, 3-4). 

In the last 30 years, of course, what Gould and Lewontin dubbed “the adaptationist 

programme” has come under fire, most famously from Gould and Lewontin themselves in their 

plea that evolutionary biologists give “serious consideration in daily practice” to alternatives to 

selection and adaptation in their explanations of why organisms have the traits that they do 

(Gould and Lewontin 1979, 586).  As Provine notes, it remains a “persistent controversy” to 

what extent the mechanisms of evolution produce adaptations, and whether adaptation plays a 

central role in processes such as speciation (Provine 1985, 825).  It can also be difficult to 

determine whether a trait is an adaptation.  Furthermore, it is evident that adaptations are not all 

that evolutionists need to explain.  As noted above, to give pride of place to adaptations within 

Darwinism is not to insist that all evolution must be adaptive.  But there are practical scientific 

reasons, beyond those of the pedigree, for insisting that adaptation remain a central element of 

Darwinism.  One is, as Lewontin notes, that adaptation is “a real phenomenon” (Lewontin 1978).  

Fish, whales, seals, penguins, and sea snakes have all evolved laterally flattened body parts as a 

solution to the problem of locomotion in water.  Another is that abandoning the adaptationist 

program altogether would allow biologists to explain “the easy cases” in terms of adaptation, and 

relegate difficult cases to “the scrap heap of chance” by indiscriminately invoking mechanisms 

such as “allometry, pleiotropy, random gene fixation, linkage and indirect selection” (Lewontin 

1978, 230). 

 
3.  Branching Pattern of Descent  

Commitment to a branching pattern of descent is required in the Darwinian research 

tradition, if only because of the “exemplar” of the branching diagram in Chapter IV of the 
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Origin.  This, however, is only a much more sophisticated version of branching diagram, which 

Darwin had been employing for illustrative purposes since his earliest speculations on 

“transmutation” in 1837 and 1838.  “Organized beings,” Darwin writes in his B Notebook, 

“represent a tree irregularly branched,” with some branches “far more branched – Hence 

Genera” (Darwin 1987, 176).  There are three branching diagrams in the B Notebook.  Two of 

these, both appearing on page 26, represent a “coral of life,” showing the tips as alive but the 

bases as dead and as having disappeared, “so that passages cannot be seen” (Darwin 1987, 177).  

The more famous “tree of life” diagram appears on page 36, and shows an ancient, extinct form, 

designated (1) giving rise to 13 “recent forms,” grouped as A, B, C, and D.  Between A and B, 

the groups most spatially separated in the diagram, there is an  “immense gap of relation.”  

Between B and C, the groups closest to each other spatially, there is “the finest gradation.”  

Finally, between B and D, which are slightly more spatially separated, there is “rather greater 

distinction.”  Through this branching process, species would multiply and “genera would be 

formed – bearing relation to ancient types” (Darwin 1987, 180).  These diagrams are much more 

“trees” than the V-shaped diagram found in the Origin, as they tend to converge on something 

which is more like a “trunk” than a single node.  Nevertheless, the branching pattern is clear. 

 At this early point, Darwin appears concerned with explaining how a natural system of 

classification of organisms could arise.  This would go on to be one of the pieces of evidence in 

favor of descent with modification which he would cite in Chapter XIII of the Origin.  But in the 

B Notebook, he is trying to provide a rationale for the quinary system of William Macleay, 

which divided the animal kingdom into five basic groups, each with its own five subdivisions 

(with “osculant groups” such as the cirripedes, cephalopods and annelids falling between the five 

basic groups) (Ruse 1979, 105).  Darwin suggests that in each basic group, there will be a basic 
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“triple branching” of the tree of life, which each of the main branches adapted for one of three 

“elements” – land, air, and water.  But because each of these branches stems backward to a 

common progenitor, there will be affinities among the types at the tips of each basic branch 

(Darwin 1987, 181).  Darwin theorizes that “the greater the groups the greater the gaps (or 

solutions of continuous structure) between them.”  So there will be large gap between birds and 

mammals, a greater gap between vertebrates and articulates, and an even greater gap between 

plants and animals (Darwin 1987, 181).  This is not due to each basic quinary group and the 

subdivisions within them having been separately created, but due to each group being able to 

trace its lineage back into a common deep past, with extinctions having wiped out the 

intermediate forms.  But because they are “all coming from one stock & obeying one law, they 

may approach” one another in certain respects (Darwin 1987, 181). 

 The branching pattern of genealogical relationship is required for another reason:  it 

differentiates Darwin’s view of evolution from that of Jean Baptiste de Lamarck, whose 

evolutionary theory was probably the most famous – and infamous – among naturalists at least in 

France and Great Britain in the decades leading up the publication of the Origin.   

Lamarck’s view was that, within both the animal and plant kingdoms, nature is organized 

in a single great series of increasing complexity.  The major groups of animals, such as mammals 

and birds, mark the levels in this hierarchy, with worms and infusorians at the bottom, mammals 

at the top, and man as the highest mammal (Lamarck [1809] 1963).  There is a “constant law of 

nature which always acts with uniformity” that pushes forms of life up the animal chain 

(Lamarck [1809] 1963, 68).  Nature constantly produces new, simple forms of life (worms and 

infusorians) through spontaneous generation, and these forms, too, have this inherent upward 

drive, and will eventually evolve upward through each hierarchical stage (Lamarck [1809] 1963).  
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Species and genera themselves do not mark out the levels in the hierarchy.  These are 

“anomalies” or “deviations” from the major type.  Their modifications are produced by 

“increased and sustained use or disuse of any organ” (Lamarck [1809] 1963, 40; 130).  This 

produces diversification within these groups (otherwise they would be exactly the same).  There 

is also some branching during the upward progression.  Some worms evolve into insects, 

arachnids and crustaceans; others into annelids, cirripedes and molluscs.  The latter evolve into 

fish and reptiles, which evolve into either birds or mammals (Lamarck [1809] 1963, 179).  But 

each major group existing today is simply the most recent stage of an independent, upwardly 

progressing series.  Contemporary mammals and reptiles, for example, do not trace their lineages 

back to a common ancestor.  They are descended from separate instances of spontaneous 

generation.  The reason why there are both reptiles and mammals today is that the lineage 

containing contemporary reptiles started later than the lineage containing contemporary 

mammals. 

 This is clearly not Darwin’s view of the overall pattern of evolution.  But there could in 

principle be many, mutually inconsistent overall patterns – including the major evolutionary rival 

of Darwin’s time, Lamarck.  Assumptions about the general pattern of evolution will lead 

researchers to draw different conclusions about the specific ways in which organisms are related.  

Thus a research tradition in biological evolution will need to include a commitment to a 

particular overall pattern.  Because Darwinism is a research tradition in biological evolution in 

the spirit of Darwin, it needs to include the characteristically Darwinian branching pattern, where 

even major groups of organisms such as reptiles and mammals are related genealogically through 

common ancestry. 
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4.  Naturalism 

 Kitcher argues that one of Darwin’s achievements was in persuading his fellow 

naturalists that questions in biology that appeared to defy a naturalistic explanation were, in fact, 

amenable to them (Kitcher 1985).  This overstates the case.  Whewell and Sedgwick believed 

that species were the result of divine creation, and advocated an appeal to miracles to explain 

aspects of the organic world.  But Herschel, Lyell, and Owen all believed that there were some 

secondary laws which explained how new species arose to replace species which had gone 

extinct, although they confessed ignorance as to what those laws were (Ruse 1979).  Owen was 

particularly incensed by what he believed was Darwin’s insistence that there was no other 

possible secondary law which God could have adopted but Darwinian transmutation.  He 

accused Darwin (anonymously, in his review of the Origin) of arguing that anyone who didn’t 

accept Darwin’s theory was “blinded by preconceived opinion” and must believe that “at 

innumerable periods of the earth’s history certain elemental atoms suddenly flashed into living 

tissues” (Hull 1973, 181; the latter quote is in fact a paraphrase from the final chapter of [Darwin 

1859]).  The anonymous reviewer even notes that Owen had long held that some secondary law 

brings about the progressive organic change seen in the fossil record (Hull 1973, 212).   

Nevertheless, after the publication and propagation of the Origin, the days of supernatural 

explanations in natural history were numbered.  As I note in Chapter 4, in 1868 Edward Drinker 

Cope attributed the upward progression of forms to the will of God.  By 1871, ascriptions of the 

patterns of natural history to divine fiat disappear from Cope’s scientific work.  And while 

Darwin may have been straw-manning some of his opponents, the view was prevalent at the time 

that Darwin wrote that species had appeared in particular “centers of creation,” adapted by the 

creator for their proper conditions of life.  Darwin repeatedly inveighs against this view in the 
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Origin, and uses it as a contrast to his own theory.  While the theories of descent with 

modification and natural selection could render puzzling phenomena intelligible, the theory of 

special creation could not.  It could not explain, for example, why there were more varieties in a 

group containing many species (Darwin 1859, 55); why the “parts and organs” of organisms 

supposedly independently created for particular ways of life could be “linked together by 

graduated steps” (Darwin 1859, 194); why seeds on some islands retained hooks which seemed 

to be adaptations allowing them to become latched to the hairs of mammals and thus be 

transported, when there were no mammals on those islands (Darwin 1859, 392); and why, if the 

organisms inhabiting the Galapagos and Cape Verde archipelagos were created to inhabit these 

two very similar conditions of life, they don’t resemble each other, but resemble organisms in 

nearby South America and Africa, which have different conditions of life than those of the 

archipelagos (Darwin 1859, 398).    

Darwin not only showed that his theory was superior to the centers of creation theory as 

an explanation, but that in natural history, perhaps the last bastion in science of appeals to God’s 

creative agency, naturalistic explanations were to be preferred in general.  For scientists brought 

up in the vera causa tradition to adopt centers of creation explanations was for them to 

unjustifiably prefer miracles over the “vera causa of ordinary generation with subsequent 

migration” (Darwin 1859, 352)  Perhaps more significantly, Darwin showed in what ways the 

phenomena of natural history were amenable to naturalistic explanations – by supposing a 

pattern of descent with modification, driven by natural selection.  This triple assault banished 

supernatural causes from the study of natural history. 
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5.  Teleology 

Teleology was also meant to be banished, although here Darwin in some cases appears to 

be equivocal.  Defending his theory against the argument that transmutation is not observed, 

Darwin says that “we see nothing of these slow changes in progress” until immense time has 

passed (Darwin 1859, 84; emphasis added).  At the end of the Conclusion of the Origin, he 

asserts that “natural selection works solely by and for the good of each being,” which means that 

“all corporeal and mental endowments will tend to progress towards perfection” (Darwin 1859, 

84).  In discussing the geological succession of forms, Darwin writes that “species multiply only 

slowly and progressively” (Darwin 1859, 317; emphasis added).  In the same section, he states 

that due to the “process of improvement” that is transmutation by natural selection, Eocene fauna 

would “certainly be beaten and exterminated” if put into competition with modern fauna (Darwin 

1859, 337; emphasis added).  But this is not because of a inherent Lamarckian drive to 

perfection, but because Darwin thinks that the more recent a form is, the more predecessors it has 

beaten in the struggle for existence.  In this sense only are more recent forms “higher in the scale 

of nature,” and this, Darwin thinks, explains “that vague yet ill-defined sentiment, felt by many 

palæontologists, that organisation on the whole has progressed” (Darwin 1859, 345)    

In other places, Darwin is careful to state that he does not have a quasi-Lamarckian 

progress in mind.  Natural selection “tends only to make each organic being as perfect as, or 

slightly more perfect than, the other inhabitants of the same country with which it has to struggle 

for existence” (Darwin 1859, 201).  It does not produce “absolute perfection,” nor is such 

perfection a reasonable standard, because we don’t meet “as far as we can judge, with this high 

standard under nature.” (Darwin 1859, 202)  Evolution is, in other words, a local process, 

confined to particular places and times.  It shapes and adapts organisms to local conditions.  
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“Perfection” for Darwin is, strictly speaking, a relative term.  The “perfecting” that selection 

carries out on populations is strictly relative to the local conditions of life, and not to any 

absolute standard, whatever that might be.  Any “progress” that evolution effects is also relative 

to local conditions at a particular time. 

It may have been that, as much as he tried, Darwin was unable to completely free himself 

from Victorian progressivism.  It may also be that, when he spoke of global progress, he was 

appealing to such beliefs among his readers to smooth the reception of his theory.  The passage 

about the perfection of corporeal and mental faculties comes at the end of a brief discussion in 

which Darwin tries to reassure his readers that the action of secondary causes over eons, and the 

smoothness of geological succession, shows that “no cataclysm has desolated the whole world.”  

Thus his readers have nothing to fear about the future if transmutation is true:  “[W]e may look 

with some confidence to a secure future of equally inappreciable length” (Darwin 1859, 489).  

Evidence for reading Darwin as making slips or rhetorical concessions does not simply include 

Darwin’s more careful statements elsewhere in the Origin.  In a letter to Hyatt in 1872 regarding 

Hyatt’s theory of racial senility (which I address in Chapter 4), Darwin says his view is that “no 

innate tendency to progressive development exists” (Darwin [1903] 1872, 344).  Thus, while 

Darwin may have made rhetorical concessions to progressivism, I believe that his actual view 

was that evolution is not an upward march toward ever-greater perfection, and that a sort of 

cosmic teleology was not to be part of his theory. 

 
6.  History, Descent, and Populations 

 Looking to the history of organisms to explain their present state is intimately bound up 

with a commitment to a branching pattern of descent with modification.  Darwin’s explanations 

which appeal to descent with modification are by their very nature historical explanations.  
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Importantly, they involve not single organisms, but clusters of related organisms.  It is these 

clusters which evolve.  Natural selection, Darwin repeatedly argues, works over generations by 

accumulating favorable variations among members of a cluster.  The accumulation takes place as 

members of the cluster which lack the favorable variation lose out in the struggle for existence 

and are exterminated, and those which possess it reproduce and pass that character to their 

offspring.  Although Darwin believed that the inheritance of acquired characters or the effects of 

the disuse of an organ could contribute to evolutionary change, changes to or in individual plants 

and animals do not by themselves represent transmutation.  Transmutation occurs as the cluster 

of organisms of which plants and animals are a part is slowly transformed over successive 

generations. 

 Darwin offers numerous possible explanations of the state of current organisms based 

upon a history during which they were transformed.  Returning to his example of the Galapagos 

and Cape Verde archipelagos, Darwin suggests that the birds and other inhabitants of these 

islands are descended from colonists from South America and Africa, brought there by 

“occasional means of transport or by formerly continuous land.”  Once there, they were exposed 

to different conditions of life, and by a process of natural selection became modified.  Yet 

because they are descended from colonists from the mainland, they retain characters which 

“betray their original birthplace” (Darwin 1859, 398).  This explains why the Galapagos birds 

represent 25 distinct species, and yet have affinities to mainland birds.  Elsewhere, Darwin 

suggests that the slave-making instinct in ants may have begun as foraging for the pupae of other 

nearby species for food.  Some pupae may inadvertently have developed inside the hive of the 

captors and begun working in the hive.  If using this slave labor conferred a greater advantage on 

the hive than procreating its own workers, over time natural selection would strengthen and 
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transform the foraging instinct into a specifically slave-making instinct – again, a historical 

explanation involving clusters of genealogically related organisms (Darwin 1859, 223). 

 
7.  Soft-Core Darwinism 

In general, the elements named above owe their importance to the problems that Darwin 

and other naturalists, such as Wallace, were trying to address, and to the methods that they – 

especially Darwin – advocated for finding solutions to them.  This may seem inconsistent with 

my concession in the previous chapter regarding Hull’s type specimen method.  By that method, 

if we wanted to identify the scientific community we call Darwinians, we need not start with 

Darwin.  Rather, we could start with any person, and as long as we were able to trace out the 

proper social relations (such as “agrees with” or “refuses to criticize publicly”), we could 

delineate that chunk of the social nexus that made up that scientific community (Hull 1985, 783).   

Similarly, we could delineate Darwinism in 1859 just as well by starting with Hooker’s Flora as 

Darwin’s Origin.  But this obscures an important point.  As Recker notes, “it’s not clear that [the 

first Darwinians] would have cooperated in the relevant ways if Darwin had not been part of the 

scenario”  (Recker 1990, 469).  Indeed, in his obituary of Darwin, Huxley remarks, “It is 

doubtful if any single book, except the ‘Principia,’ ever worked so great and so rapid a revolution 

in science, or made so deep an impression on the general mind” (Huxley 1893, 286).   It was 

Darwin, and no one else, who contributed a pattern of solutions to biological questions, who 

“reconstructed the field of biology” by indicating which questions in biology scientists should 

consider as central (Kitcher 1985, 144-146), and who showed in what ways they were accessible 

to scientific (that is, naturalistic) solutions.   

Darwin, of course, was not thinking in terms of satisfying Laudan’s criteria for a research 

tradition, nor Kitcher’s for a scientific practice.  As Hodge has insisted, he is best thought of as 
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trying to satisfy the vera causa requirements of the Herschelian philosophy of science of his day.  

But a reading of the final chapter of the Origin shows that Darwin was thinking in broader terms, 

of the transformation of the science of his day.  Among other changes, Darwin tells us, the fields 

of systematics and classification will need to be reformed, the concept of a species rethought, 

“adaptive characters, [and] rudimentary and aborted organs” taken to have “plain significance” – 

and “a grand and almost untrodden field of inquiry will be opened on the causes and laws of 

variation,” (Darwin 1859, 484-486). 

Viewed from the standpoint of contemporary philosophy of science, Darwin was 

developing and disseminating a research program, with unique contours.  Were it to lose the 

contours I have identified, it is arguable that it would no longer identify the same set of questions 

in biology as important (such as the cause of adaptations), and would no longer recommend 

certain types of solutions (such as natural selection) as appropriate.  It would no longer function 

as it once did.  It would no longer serve the task it was designed to serve – guiding the search for 

answers to a family of related why-questions in biology – in the way it was designed to serve it.  

It would have evolved into a different program, and, if we take the analogy with species 

seriously, we would have to conclude that the original program was extinct.   

Whether such a state of affairs would constitute a scientific revolution, and whether the 

abandoning of a research program would be a rational affair, is somewhat tangential to this 

consideration.  Darwin famously wrote that “[i]f it could be demonstrated that any complex 

organ existed, which could not possibly have been formed by numerous, successive, slight 

modifications, my theory would absolutely break down” (Darwin 1859, 189).  As Lakatos argued 

(Lakatos 1970), however, falsification is hardly such a straightforward matter.  The current point 

is to acknowledge that in an examination of a evolving single lineage of organisms, the decision 

 56



 

to say that the species began at Point A along the lineage and went extinct at Point B, even 

though the lineage continued, may be arbitrary.  My suggestion is that the same is not so of 

artifacts created to perform certain tasks, such as research programs. 

As I mentioned in the previous chapter, Hull argues that such an inclination “to dig in our 

heels” in differentiating between species and conceptual systems is an unjustified reversion to 

essentialism (Hull 1985, 777).  In response, I would suggest that it is not digging in one’s heels 

to observe that an artifact is no longer in any way working as designed.  As I see it, the criterion 

for making such an observation is not so much an appeal to essentialism, but an appeal to actual 

scientific practice and the commitments that inform and guide it.  The criterion is whether the 

program is still stimulating questions and attempting to provide answers to those questions along 

the same general lines as those which it had when it first crystallized.  This standard appears to 

me to be less arbitrary than those that might be employed to judge at what point a species that 

forms part of an anagenetic lineage began and went extinct.  The standard with conceptual 

systems will be the loss of a necessary commitment.  Of course, the judgment as to the exact 

moment at which the program went extinct – when it lost the necessary commitment – may be 

arbitrary.  There may be no good way to determine whether the loss of a necessary component 

happened on, say, January 15, 2001, or April 20, 2003.  The possibility of extinction, couched in 

terms of what I have been calling function, forces us to identify the commitments that constitute 

the constraints on the program, beyond which one can go only at the peril of repudiating the 

program. 

This helps to answer Laudan’s question of how we distinguish change within a research 

tradition from replacement of a tradition.  Change within a tradition relates to elements I have 

been regarding as ancillary – in the case of Darwinism, theories about the causes of variation, 

 57



 

about the processes of speciation, about entities that can count as a unit of selection, about how 

development factors into a process of descent with modification driven primarily by natural 

selection, and the empirical observations that support such theories.  Such theories will be 

intimately bound up with concepts that occur in the constraining commitments.  There will be 

interplay between the changing (secular) ancillary content and the constraining commitments.  

This means that that the constraining commitments – such as adaptation and selection – must 

remain somewhat flexible.  The meaning of concepts like adaptation and selection will be 

determined partly by original commitments, and partly by secular ancillary theories and 

empirical observations.  It could not be until the discovery that genes existed that anyone could 

think in terms of gene selection, or measuring selective pressures in terms of their effects on 

gene frequencies.  This is what I meant when I referred above to the tenets of Darwinism 

constituting a blurring of Lakatos’s hard core and protective belt.  These are not, I believe, as 

cleanly separable as Lakatos seemed to think.  In my conception, replacement of a research 

tradition, or program, occurs when the commitments that provide the critical cohesiveness of the 

program, and that motivate, guide, and constrain the process of asking and answering sets of 

related questions, have been removed.  Since I see the constraints as being tied up with the 

ancillary components, removing the constraints changes the ancillary components, and vice 

versa.  This interplay is one way in which a conceptual system can evolve, even if it has 

something like an essence.  This is Darwinism with a pliable core – or a soft core. 

A further consideration along these lines is this:  while what I have identified as the 

commitments of Darwinism are the necessary conditions for a research program to count as 

Darwinism, they are insufficient to make a program a full-fledged research tradition into organic 

evolution.  These commitments will need to be supplemented by ancillary theories and empirical 
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observations.  These ancillary theories are secular; they can come and go, provided they provide 

or receive mutual support from the constraining commitments.  At any given time, there could be 

incompatible theories regarding processes like variation and inheritance within the research 

program.  Such a state of affairs of internal tension, however, probably cannot last forever, 

especially if one or another theory, as it is developed, appears to be in conflict with a 

constraining commitment (as we will see in the next chapter, this was the case with Bateson and 

his dispute with the biometricians).   

Again, such interplay between the content of the constraining commitments and ancillary 

theories permits Darwinism as a research program to evolve, even as it retains a conservative 

architecture imposed by its stable “genome.”  This evolution will resemble in some respects the 

way in which species evolve, at least anagenetically.  In other respects, it may be crucially 

different.  In the previous chapter, I suggested that the loss of a key commitment or concept, after 

a conceptual system has gone through a process of crystallization, would cause a conceptual 

system to lose critical cohesion and to break down.  To regain this critical cohesion, another 

concept or commitment that can re-crystallize the system will be needed (but then, as I have been 

arguing, it will not be the same system).  It may be that, when a conceptual system evolves into a 

new conceptual system, it does so in a manner unlike that of biological species.  Rather than a 

gradual, continuous change from “species” to “species,” the transition may be discontinuous, a 

jump from one state of equilibrium or crystallization to another.  At the very least, because 

biological species and conceptual systems are different sorts of entities, I see no reason to think 

that they must evolve in precisely the same way.  Moreover, evolution can occur if we are 

willing to consider a conceptual analogy to cladogenetic evolution as well as to anagenetic 

evolution, a consideration I take up below. 

 59



 

8.  Difficulties on Theory 

Some difficulties remain.  One is whether my characterization of Darwinism, which 

appears to be based on evolution at the level of populations of organisms, would exclude a field 

such as molecular biology, which any contemporary research program into organic evolution 

must be able to integrate.  Another is whether I have, in fact, cast Darwinism as a single 

discipline.  Finally, I will need to account for whether or how a research program or tradition can 

accommodate dissidents, such as a Huxley or a Bateson. 

I do not believe that Darwinism as I have characterized it would exclude molecular 

biology.  Although I stated the commitment to common ancestry in terms of organisms, the 

general commitment to common ancestry can be transferred to the realm of genes, genomes, 

DNA, and biological molecules.  Geneticists, for example, compare differences in DNA to 

determine how much time has elapsed since two species split off from their last common 

ancestor, something they could not do if they did not also in some way think of the two genomes 

as sharing a common genetic ancestor.  Different forms of biological molecules such as 

hemoglobin also share a common ancestor.  Regarding the entity that evolves, I identified the 

population.  In molecular biology, it is the lineage of genomes or the lineage of molecules that 

evolves.  I would suggest that, since genes interact and can be thought of as competing with each 

other within a genome, a genome could be thought of as a population of genes (however it is that 

genes are defined), or of nucleotide sequences.  Likewise, we might think of proteins as 

populations of amino acid sequences.  Adaptation might seem to present another problem, but I 

do not believe it is implausible that genomes, for example, could possess adaptations.  Brandon 

argues that while adaptations are for the good of “interactors,” and that the interactors in question 

are organisms, “different levels of selection imply that there can be different levels of 
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adaptation” (Brandon 1990).  The most “impressive” adaptations with which we are acquainted 

are those possessed by organisms, but this “may reflect the fact that organismic selection has 

been by far the most important level of selection.”  Different levels of adaptation is not 

something we should rule out a priori (Brandon 1990, 193).  Rounding out my list of 

commitments in Darwinism, at least for the past 40 years molecular biologists have recognized 

that they must look to history to explain why the molecular world is as it is.  And I take it as 

uncontroversial that molecular biologists do not invoke “cosmic” teleology or the supernatural in 

their work. 

Have I cast Darwinism as a single discipline, despite my avowal that no single 

“disciplinary matrix” can encompass all of the fields that would fall under the umbrella of 

evolutionary biology?  I do not believe so, although it might be possible to come up with 

concepts from evolutionary biology that satisfy the criteria for the four types of components in a 

Kuhnian disciplinary matrix (Kuhn 1962/1970; 1974).  Shared commitments to beliefs might 

exist in the form of what I’ve identified as a shared commitment to all organisms being related 

via common ancestry.  There could be shared values such as simplicity, self-consistency, and 

plausibility (compatibility with theories already in place) in the solution of “puzzles” –  although 

what looks like a simple, consistent, and plausible solution to a zoologist might not look like one 

to a paleontologist.  Yet Kuhn believes these values are “deep and constitutive of science” (Kuhn 

1962/1970, 185), rather than particular to any one science.  There could be a “high level” 

exemplar (Burian 1989, 150) in the form of Darwin’s Origin.  Whether there are “symbolic 

generalizations” is far trickier.  Darwin was far from mathematical, and Darwinism as a research 

program did not truly acquire mathematical or symbolic components until the development of 

population genetics.     
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But suppose, for the sake of argument, we throw into this mix all the commitments I have 

identified as belonging to Darwinism.  This isn’t sufficient to constitute an actual discipline.  

First, even if one could fill in the blanks in Kuhn’s four components, it does not follow that one 

has established a matrix that corresponds to an actual scientific discipline in the world.  Second, 

if we are to follow Kuhn, we need to realize that Kuhn seems to intend his disciplinary matrices 

to circumscribe narrower “disciplines” than one as broad as evolutionary biology.  Judging from 

his examples, classical Newtonian dynamics, hydraulics, relativistic physics, quantum 

mechanics, and the various branches of chemistry all appear to be separate disciplines (Kuhn 

1962/1970, 183-191; Kuhn 1970, 272-275). This matches what I would argue is an intuition that 

a discipline ought to be a fairly well-defined entity.  Even if we grant that evolutionary biology is 

a discipline unto itself, it could at most be shaped by what I have characterized as Darwinism, 

not fully constituted by it, for what I have characterized as Darwinism is far too paltry, abstract 

and ill-defined to constitute the entirety of a discipline.   

Furthermore, if we were to try to flesh out what I’ve characterized as Darwinism with 

actual content, symbolic generalizations, theories, and models, we would have to import the 

content, generalizations, theories, and models from sciences that are disciplines in their own 

right:  from genetics, zoology, botany, biogeography, paleontology, and so forth.  That this 

would be a jumble of generalizations, theories, and models would argue for “Darwinism” being a 

field that is irreducibly interdisciplinary, even if I were to grant that “Darwinism” was a field and 

not a framework that guides research in various fields.  Moreover, if this morass of borrowed 

elements had to be in place to make “Darwinism” a discipline, we would be faced with the 

credulity-straining notion that someone who works in “Darwinism” works – in the same sense in 

which a scientist works in genetics or zoology – in genetics and zoology and botany and 
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biogeography and paleontology and several other disciplines as well.  This is belied by the facts 

of actual scientific practice.  Lewontin, Gould, and Mayr are (or were) evolutionists all, but 

Lewontin is a geneticist, Gould was a paleontologist, and Mayr was a zoologist and avian 

systematist.  They all know (or knew) something about each other’s disciplines (as they had to in 

order to investigate evolution), but they practice (or practiced) within their own single, fairly 

well-defined disciplines. 

The final difficulty to address is how to account for dissidents.  Focusing only on the first 

few decades after the publication of the Origin, we see there are already dissidents.  As I 

mentioned in the previous chapter, Huxley played down natural selection, did not see the 

explanation of adaptation as particularly important, and advocated evolution by saltation (Hull 

1985; Ruse 1979).  Gray also expressed doubts about selection (Anonymous 1860), and put a 

theological gloss on evolution (Gray 1873, 20).  Wallace was even more selectionist than 

Darwin, and later in his life sought teleological explanations for man’s spiritual or mental 

capacities, against Darwin’s thoroughgoing materialism (Hull 1985; Provine 1985; Ruse 1979).  

Lyell eventually regarded evolution “as at least possibly true,” but “never accepted natural 

selection as a sufficient cause for species origins,” and also rejected a fully naturalistic account 

of man’s origin (Recker 1990, 471).  In what sense, then, can I count these men as Darwinians, 

or – particularly in the case of more active researchers like Huxley, Gray, and Wallace – consider 

them as working within Darwinism if they had doubts about central elements like natural 

selection or naturalistic explanations?   

I believe the answer lies in another analogy with species.  Species have a geographic 

range, and while there often is no real center to the range, there is a periphery.  I would argue 

that Darwinism has a conceptual range, and the degree to which a given individual accepts 
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central elements of Darwinism determines how close or how far from the periphery she is.  So 

someone like Lyell would be closer to the periphery than a Huxley, who would be closer to the 

periphery than Darwin.  But Darwin is not to be located at the center, for as the program in large 

part started by him developed and grew (and continues to grow), it rejected ideas which Darwin 

held, such as inheritance of acquired characters, and an emphasis on sympatric speciation.  Thus 

the location of a Darwinian within the “range” of the program – including Darwin himself – is 

not fixed.  But it is easy to see that someone who rejects common ancestry and invokes miracles 

to explain natural history – a modern-day creationist, for example – is beyond the periphery.  

Such a person has never accepted the tradition, or, in Laudan’s terms, has put himself outside the 

tradition and repudiated it.  Additionally, because the research tradition identifies the questions 

or problems to which scientists are to devote their energies, one is more or less in the tradition to 

the extent that one pays attention to the problems which the tradition regards as important.  

Huxley is fully a Darwinian in one sense – the sense Hull considers (Hull 1985), in that he was a 

member of the community – but he is less a Darwinian in another, because he was not fully 

interested in the problems which the tradition was identifying as important.  

As will be discussed, something like this is what was happening in the case of Bateson.  

Rather than being, as he is usually cast, an anti-Darwinian, we can understand him as engaging 

in a dispute with the biometricians over the role in evolution of discontinuous versus continuous 

variation, or the proper role and meaning of natural selection.  It was, in part at least, a debate 

within Darwinism over the proper direction in which to take the program.  But to the extent that 

he actually began to repudiate key components of Darwinian, Bateson put himself on a trajectory 

which placed him closer to the periphery of Darwinism.  To analogize further, he was becoming 

a peripheral isolate.  His trajectory was that of an incipient speciation event.   
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Thus, at the same time as I am suggesting we need to recognize a limitation of Hull’s 

analogy with species – species do not have functions, whereas conceptual systems do – we need 

to extend his analogy.  In a slightly different context – prediction of when new scientific 

communities and conceptual systems will appear and which will last – Hull cites Eldredge and 

Gould’s theory of punctuated equilibria, in which “species are constantly throwing off peripheral 

isolates.” Most of these go extinct, but some of them become established species (Hull 1985, 

784).  Such events cannot usually be predicted, at least not with precision.  In general, their 

occurrence can only be established retroactively.   

I propose moving this suggestion forward.  In understanding the evolution of conceptual 

systems, we need to consider not only anagenesis, or phyletic evolution – the sort of evolution 

Hull seems to have in mind in his (1985) – but cladogenesis, the splitting off of one lineage from 

another and the formation of a new species.  I have found no development by Hull of the analogy 

with punctuated equilibria toward which he gestures – no recognition that if conceptual systems 

evolve as species do, that we need to consider all the ways in which they evolve.  It is not 

considered in Science as a Process (1988a), which features much of Hull’s (1985).   Nor is it 

considered in what might seem a likely place, “The Evolution of Conceptual Systems in 

Science” (Hull 1992).  And while Hull considers “disanalogies between biological and 

conceptual evolution” in “A Mechanism and Its Metaphysics” (1988b; one of several précis to 

Science as a Process), to answer objections to his view that science progresses via a selection 

process, there is no mention of cladogenesis, nor the disanalogy I have identified.  Since Hull has 

done extensive work in cladistics, I find this omission of cladogenetic evolution curious.   

And because anagenesis and cladogenesis are not the only two possible patterns of 

evolution, we also must consider another type of evolution – reticulate evolution.  This is the 
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“mixing” of two or more separate lineages through hybridization (and often allopolyploidy), 

resulting in a stable, new species which has its own evolutionary fate.  This will help to explain 

how elements of one program – Darwinism – can blend with elements of a foreign conceptual 

system – that of Louis Agassiz – to give rise to a competing program – Neo-Lamarckism in the 

United States in the late 1800s – that is in some sense its descendent, but is also clearly not the 

same program.  These cladogenetic and reticulate descendants of Darwinism will be the subject 

of the next two chapters. 
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Chapter Three:  Bateson and the Biometricians:  A Case of Incipient Speciation and 
Cladogenesis in the Evolution of a Scientific Research Tradition 

1.  Introduction 

The problems I have identified in Hull’s (1985) have not received notice, but one 

comment in that paper has:  that “from the present-day perspective … the apparent conflict 

between Mendelian genetics and evolutionary theory is an inexplicable embarrassment” (Hull 

1985, 805).  The primary conflict in question took place in Britain from roughly 1895 to 1906 

between the biometricians (exemplified by the zoologist W.F.R. Weldon and the statistician and 

polymath Karl Pearson) and the Mendelians (exemplified by William Bateson, one of the co-

founders of genetics).  On the standard view, one reason why the dispute is both inexplicable and 

an embarrassment is because the biometrician George Udny Yule demonstrated in 1902 (and 

1906) that biometry and Mendelism were not incompatible (provided certain assumptions were 

made), producing what has been regarded as a synthesis of the views.  Yet Yule’s proposal, the 

standard view goes, was unjustifiably disregarded.  An early synthesis of the emerging science of 

Mendelian genetics with Darwin’s own views (adopted by the biometricians) about the gradual, 

continuous nature of evolution was prevented by personal acrimony between Weldon and 

Pearson on one side and Bateson on the other, or by “unshakable articles of faith” regarding 

gradualism and saltationism (Hull 1985, 806; Nordmann 1992, 55; Provine 1971).   

Bateson is typically regarded as anti-Darwinian.  Nordmann argues that this view is 

mistaken, a position I will also argue for.  He also suggests that “the belief of Mendelians and 

Biometricians that their approaches were incompatible need not be considered false” (Nordmann 

1992, 61).  Again, I agree.  In several ways, the approaches were incompatible.  The 

biometricians, for example, took a phenomenological approach to variation and evolution, while 

Bateson sought underlying physiological causes.  The conflict appears embarrassing and 
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inexplicable to contemporary audiences because it was later demonstrated by Fisher, Haldane, 

Wright, and others in the years around 1930 that Mendelian genetics and a statistical approach to 

evolution (the approach, in general, of the biometricians) are compatible.  We now take this for 

granted and consider this to be part of the “obvious” synthesis of Mendelian genetics and 

“Darwinian” evolution.  It is often pointed out that Yule proposed an early synthesis of the two 

approaches (Tabery [2004] argues that Yule actually reduced Mendelism to biometry, and in 

doing so misrepresented what Pearson took to be the law of ancestral heredity – a key 

biometrical concept I explain below – thus producing a result unacceptable to both sides).  Thus, 

it appears that it was a mistake for anyone to have thought that biometry and Mendelism were 

incompatible, and this mistake must be explained.  Hence the appeal to personal acrimony and 

faith-based antecedent commitments to gradualism or saltationism (Nordmann 1992).  While the 

conflict did involve a good deal of acrimony that might have entrenched the parties’ positions 

more deeply than if there had been no personal ill-will between the two sides, the antecedent 

commitments (to continuous variation and evolution on the one hand, versus discontinuous 

variation and evolution on the other; and to differing philosophies of science) were probably not 

any more pernicious than those that come to the fore in any dispute over substantive scientific 

issues.   

In this chapter, I will attempt to show that substantive issues were at stake, and that the 

parties justifiably took themselves to have evidence for their views (making them more than 

articles of faith).  More importantly, I will address a concern that arose in the previous chapter; 

namely, that my characterization of Darwinism might be too rigid to allow it to evolve.  How do 

I deal with or characterize cases of scientists we want to classify as Darwinians who dissent from 

some of the central commitments of Darwinism?  How do I deal with different “Darwinisms”?  
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To meet that concern, I suggested that when we think about the evolution of research programs, 

we need to consider not only anagenetic evolution but cladogenetic evolution as well.  Rather 

than adjudicate the infamous “Darwinian-Mendelian” dispute one more time, this chapter uses 

that dispute to illustrate my suggestion. 

The standard account of this dispute casts it as a conflict between “the Darwinians” and 

“the Mendelians,” with the biometricians in the role of the true heirs of Darwin, and the 

Mendelians (i.e., Bateson) as their non-Darwinian or anti-Darwinian opponents.  This account, 

is, I believe, mistaken.  Instead, the biometricians and Mendelians should be seen, as Nordmann 

recommends, as “separated … by a more or less legitimate, a more or less profound 

disagreement on how to advance the Darwinian research programme” (Nordmann 1992, 57).  In 

particular, the parties disagreed over the importance in evolution of continuous variation (where 

characters in a population of organisms make a smooth transition from one extreme to another, 

e.g., short to tall) versus discontinuous variation (where there is a dichotomy between characters 

with little or no middle ground, e.g., the division of animals into male and female); whether 

important evolutionary steps were “gradual” – that is, slow and continuous – or “discontinuous” 

– that is, abrupt and saltational; whether biology should be experimental or primarily a matter of 

observing, measuring, and describing; and whether science should be in the business of 

investigating causes – in the sense of physiological mechanisms underlying the phenomena – or 

should merely collect, classify, and categorize the phenomena.  What we see in the conflict 

between the biometricians and the Mendelians, at least in its earlier stages, are contradictory 

strands within a single research tradition (Hull 1985, 777).   

But to use a term I introduced in the previous chapter, Bateson is also a dissident.  He 

sought not merely to refine Darwinism, but also to alter it in significant ways, or even to abandon 
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it in favor of a research program he believed would arise in the future, and to whose outlines he 

was able – toward the end of his life – only to gesture.  In terms of the analogy with species, 

Bateson was on the periphery of Darwinism’s conceptual range, and we should view his 

trajectory on analogy with cladogenetic evolution, as an incipient speciation event involving 

what was nearly a peripheral isolate (although “speciation” failed to take place).  This will allow 

us to see how a conceptual system such as Darwinism can evolve, even though it needs to retain 

key distinguishing components.  To understand how this episode can be seen as a conflict within 

the Darwinian research program about the proper direction of that program – about the content of 

ancillary theories which I said in Chapter 2 would be needed to augment the minimal outer 

constraints or central elements of the program – we need to take a look at those issues by looking 

at the positions of the two sides.  Although they were by no means the only parties to the dispute, 

for simplicity and relative brevity, in what follows I will focus on Bateson, Weldon, and Pearson. 

 

2.  William Bateson:  Discontinuous Variation and the Causes of Evolution 

Bateson’s interest in discontinuous variation can be traced to the beginning of his 

professional life in the early 1880s, investigating the relationships, including phylogenetic, 

between the invertebrates and the vertebrates in general, and in particular studying the 

hemichordate acorn worm Balanoglossus.  Balanoglossus was regarded as a degenerate form 

which had lost segmentation (Olby 1989, 307).  In a paper which culminated his work on the 

worm, Bateson disagreed.  Balanoglossus was primitive; segmentation in chordates was a 

derived character, “the result of a summation of repetitions” (Bateson 1886, 4).  Moreover, the 

tendency to repeat parts, Bateson argued, was not merely a feature of Chordata and Annelids, but 

“occurs more or less in almost all animals” (Bateson 1886, 5).  Segmentations in vertebrates, 

 70



 

furthermore,  “appear to arise suddenly and in forms nearly allied to those in which they are not 

found” (Bateson 1886, 5).  Although Bateson later dismissed his work on Balanoglossus as 

something which would later “be very properly despised” because it “hasn’t any bearing 

whatever on the things we want to know” (Bateson [1928] 1984, 20), it likely had several 

significant effects upon his later work and ideas.   

First, it underscored to Bateson that progress in understanding the process of evolution 

would not come from speculations about phylogenies based upon studies of morphology and 

embryology.  Comparative morphology and embryology had led to errors in classifying 

Balanoglossus.  They also gave no good indication of how segmented organisms like vertebrates 

could have evolved from non-segmented organisms.  The key to the mystery, Bateson concluded, 

was studying variation and understanding how it is produced and transmitted (Bateson 1894, vi, 

6; Coleman 1970, 247; Olby 1989, 307; Provine 1971, 38).   

Second, Bateson’s work on Balanoglossus introduced him to W.K. Brooks, director of 

the Chesapeake Zoological Laboratory, under whom he studied Balanoglossus in 1883 and 1884, 

and who became a mentor whom Bateson always remembered fondly (Bateson 1922, 55; 

Bateson [1928] 1984, 18).  As Olby has pointed out, in 1883, Brooks published his book The 

Law of Heredity:  A Study of the Cause of Variation, and the Origin of Living Organisms, in 

which he makes several claims “of particular relevance to Bateson’s subsequent career” (Olby 

1989, 312).  Among those claims, Brooks argues that if selection operates on small, fortuitous 

variations “that do not appear simultaneously in a great number of individuals,” then natural 

selection might explain adaptations, but it “fails to explain the origin of species” (Brooks 1883, 

280).  Brooks also proposes a theory of variation in which variation in one part disrupts the 

“harmonious adjustment” of “related parts,” which also will vary until a new equilibrium is 
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reached.  This will produce “great and extended variations” – saltations – which will rapidly 

drive the evolution of organisms (Brooks 1883, 296-297).  Brooks’ hypothesis of evolution by 

jumps between states of equilibria also presages Bateson’s undulatory or vibratory theory of the 

repetition of parts (about which I will say more shortly).   

Third, Bateson’s work on segmentation and repetition in Balanoglossus set the stage for 

his own emphasis on the importance of “meristic variation” – “numerical and geometrical” 

changes, or “differences in number and Symmetry” (Bateson 1894, 22) – and particularly 

metamerism, the repetition of parts, in the differences between and evolution of forms.  As 

Provine points out, Brooks’ emphasis in The Law of Heredity on serial homology and symmetry 

(Provine 1971, 39) may also have factored into Bateson’s later focus on symmetries and other 

discontinuities which Bateson took to be among the important “specific differences” – the 

distinguishing features between species – and which a theory of evolution needed to explain 

(Bateson 1894).  Bateson’s 600-page catalog of variation, Materials for the Study of Variation, is 

devoted to examples of meristic variation.  Variation, Bateson declared, “is Evolution.  The 

readiest way, then, of solving the problem of Evolution is to study the facts of Variation” 

(Bateson 1894, 6).  The most important class of variation for that study was meristic, and 

meristic variation is discontinuous.  Symmetry itself was “only a particular case of that 

phenomenon of Repetition of Parts” (Bateson 1894, 569). 

Bateson’s doubts about the adequacy or completeness of Darwin’s account of evolution 

came on fairly early in his career, and remained throughout.  Eight years before publishing 

Materials, Bateson had spent 18 months in Russia examining molluscs inhabiting the salt lakes 

on the Russian steppes to investigate “whether these diverse environmental conditions produce 

any correlated changes in the structure of the animals which are exposed to them” (Bateson 

 72



 

1889, 34).  What Bateson found was that while a change in living conditions such as increased 

salinity produced uniform changes in some molluscs, in allied molluscs the same environmental 

changes produced “no palpable effect” (Bateson 1889, 34).  He also hypothesized that, with 

molluscs which did seem to change with changes in their environment, it appeared “probable” 

that the molluscs would revert to their original state if conditions reverted to their original state 

(Bateson 1889, 34).  Bateson was “disappointed” by these “negative” results (Bateson [1928] 

1984).   

Provine argues that Bateson interpreted his findings to mean that “the evolutionary 

effects of a change in conditions” was not as obvious as Darwin had thought, and that it was 

doubtful that “natural selection of Darwin’s ‘individual differences’ had produced new and 

permanent species” (Provine 1971, 39).  This argument is supported by Bateson’s allusion in 

Materials to his studies in Russia, in discussing Darwin’s view that natural selection is 

responsible for specific differences.  Elements of the environment such as salinity and depth of 

water “often shade into each other insensibly and form a continuous series.”  But the “Specific 

Forms of life which are subject to them on the whole form a Discontinuous Series.”  And “forms 

which are apparently identical live under conditions which are apparently very different, while 

species which though closely allied are constantly distinct are found under conditions which are 

apparently the same.”  To Bateson, this indicated that “the relation between environment and 

structure is not finely adjusted,” although such a relation “is demanded by the doctrine of Natural 

Selection” (Bateson 1894, 5-6).  Bateson acknowledged that “Species are approximately adapted 

to their circumstances,” but argued that the search for the “direct utility” of the “precise” 

differences between the structures of species – to try to explain them as the product of a building 
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up of small, continuous differences by natural selection – had so far proven fruitless (Bateson 

1894, 11; emphasis in original). 

Change in symmetry and the emergence of “perfect” structures also required, Bateson 

believed, a saltational, non-selective explanation.  In his 1891 study with his sister, Anna, of 

irregular corollas in flowers – which Provine calls Bateson’s “break with Darwinism” (Provine 

1971, 41) – Bateson argued that “when a change of symmetry is concerned, Variation is 

constantly discontinuous” (Bateson 1891, 417).  Bateson’s main point was that such sharp 

discontinuity would leave no trace of the organism’s ancestry, so trying to reconstruct its 

phylogeny by comparative morphology would be hopeless.  But he argued further that while “it 

is easy to conceive” of the transitional steps in changes in a continuously varying trait like “size 

or intensity of colour,” with a shift “from a form with one kind of symmetry to a form with 

another we often cannot even conceive the transitional steps” (Bateson 1891, 417).  Earlier in the 

paper, Bateson had raised a familiar objection to Darwin (which continues to be raised today by 

evolution deniers):  “it cannot be supposed” that a “contrivance” – i.e., an adaptation – could 

have evolved from continuously varying characters, as Darwin believed.  If such contrivances 

owed their existence to their selective advantage, this was due to their perfection, and “if they 

were materially less perfect, their utility would cease” (Bateson 1891, 388).  Again, the problem 

was transitional forms.  How could evolution go from one perfect contrivance to another via a 

series of contrivances (or proto-contrivances) which, being imperfect, would be selectively 

insignificant, or even disadvantageous?  Bateson conceded near the end of the paper that in some 

of the cases he was considering, transitions had been postulated, by fusion or atrophy of petals.  

But he replied that such hypotheses had little evidence to support them, that it was unreasonable 

to always demand an explanation in terms of transitionals, and that lacking “an actual knowledge 
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of the processes of Variation” such hypotheses were “unfounded and misleading” (Bateson 1891, 

417-419). 

From an early point in his career, Bateson had held a holistic view of organisms.  His 

study of symmetry and discontinuity in variation, he claimed, showed that organisms are not 

“plastic conglomerates of miscellaneous attributes” (Bateson 1894, 80).  As early as 1888, he 

declared that “no variation, however small, can occur in any part without other variation 

occurring in correlation to it in all other parts.”  An initial variation would act as an 

“environmental change” and dictate correlated changes in all parts (Bateson [1928] 1984, 39).  

Organisms, Bateson held, were integrated wholes, and it was incorrect to believe that natural 

selection could fasten onto an individual characteristic and shape it over generations by the 

accumulation of small differences, while the rest of the organism remained largely unchanged.5  

Bateson suggested, in letters to his sister, Anna, an “Undulatory Hypothesis” or “vibratory theory 

of repetition of parts” to explain “the completeness of repetition” and “the perfection of 

symmetry” (Bateson [1928] 1984, 42).  Variation was like a sound wave, and just as a wave had 

discrete, discontinuous nodes, or a note could only be repeated by a jump of a full octave, so 

parts of organisms were reproduced in discrete jumps from full and stable state to full and stable 

state.  Bateson’s own example was a transition from a four-petalled form to an eight-petalled 

form (Bateson [1928] 1984, 42-43).  This could also help explain differences between species 

when those differences did not seem to have adaptive value, which to Bateson implied that 

neither the emergence nor the fixity of species was a product of natural selection. 

                                                 
5 Darwin did not hold this view, and neither did at least one of the biometricians (Weldon – see his [1898], p. 892).  
Darwin writes in the Origin that “the whole organisation is so tied together during its growth and development, that 
when slight variations in any one part occur, and are accumulated through natural selection, other parts become 
modified” (Darwin 1859, 143).  This disparaging of an atomization of organisms and treatment of them as mere 
collections of independent traits may be an attack on one of the ways in which Bateson, trying to clear himself at an 
early stage of heresy, claimed Darwin had been misrepresented by others, but not by him (Bateson 1894, 80). 
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From Bateson’s point of view, biology needed to discover the causes of variation and 

understand the workings of heredity.  This search for causes underlying the phenomena would 

also end up separating him from Weldon and Pearson.  As early as 1894, Bateson perceived that 

biologists needed to undertake experimental breeding programs to understand variation and 

heredity.  Science would make progress on such questions as whether “all distinctness is due to 

Natural Selection,” or whether new, discontinuous variations would get swamped by blending, 

only by “the organization of systematic experiments in breeding” (Bateson 1894, 574).  The next 

year (although Bateson’s wife, Beatrice, places the start in 1897), supported by a grant from the 

Evolution Committee of the Royal Society (of which Weldon, Pearson, Bateson, and their 

common intellectual ancestor, Francis Galton, were for a brief time all members), Bateson had 

begun a program in breeding and hybridization in flowers, peas, and poultry.  By the middle of 

1899, Bateson declared that despite what was “almost always assumed” about new or 

discontinuous characters being obliterated by blending when organisms bearing them were 

crossed, with many characters “it is at once found on crossing that the varying characters may be 

transmitted in as perfect a degree as that in which it was found in the parent” (Bateson 1900; 

reprinted in Bateson [1928] 1984, 165).  These findings, Bateson believed, were “destined to 

simplify to us the phenomenon of evolution, perhaps beyond anything that we can yet foresee” 

(Bateson 1900; reprinted in Bateson [1928] 1984, 166).   

As Provine notes, Bateson was primed for the simultaneous rediscoveries in 1900 of 

Mendel’s experiments with peas (Provine 1971, 57).  The story of Bateson’s encounter with 

Mendel is legendary:  on the train to London in May 1900 to deliver a lecture on the contribution 

that horticulture could make to the study of heredity, Bateson read Mendel’s 1865 paper, and 

incorporated Mendel’s findings into his lecture (Provine 1971, 57; Bateson [1928] 1984, 73).  In 
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his lecture (and in its subsequent publication in the Journal of the Royal Horticultural Society), 

Bateson stated that it was too early to declare that all heredity was Mendelian, but said “there is 

no doubt we are beginning to get new lights of a most valuable kind on the nature of heredity and 

the laws which it obeys” (Bateson [1928] 1984, 179).   

Mendel had demonstrated that (at least in Pisum sativum) hereditary factors were 

inherited independently of one another, and that factors were not influenced by one another. 

Bateson very quickly saw this as providing a basis for, and confirming the importance of, 

discontinuity in variation and evolution (Olby 1989, 308; Provine 1971, 57; Tabery 2004, 75).  

As Bateson’s wife later recounted, “Those who accepted Mendelism could not reject 

Discontinuity” (Bateson [1928] 1984, 70).  Mendelism was “of great importance to the 

evolutionist,” because evolutionists could discover “the degree to which the heterozygotes form 

a connecting group” between dominant and recessive homozygotes, which were discontinuous 

relative to each other (Bateson 1902, 34).  Mendel’s discovery, as well as subsequent work in 

heredity by others, left “no room for doubt that at least one character of each pair of simple 

allelomorphs has arisen discontinuously” (Bateson 1902, 58).  Bateson granted that there 

appeared to be “compound allelomorphs,” such as color in “Stanley,” a variety of the sweet pea 

Lathyrus odoratus (a different species than Pisum sativum, with which Mendel had worked).  A 

cross of Stanley with “Giant White” yielded “Giant Purple Invincible,”  identical to Stanley 

except for blue wings.  The crosses, when self-fertilized, yielded an array of color forms in 

various combinations.  Bateson hypothesized that, in Stanley, transmission of allelomorphs could 

be broken up into several “elements,” which would recombine in different ways in the offspring, 

yielding the observed patterns (Bateson 1902, 49).  Yet even such compound allelomorphs, 

Bateson suggested, probably arose discontinuously, and not by “synthesis.”  It was conceivable 
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that such compounds might be able to decompose into their constituent elements, but of “the 

reverse process” nothing was known (Bateson 1902, 58). 

Bateson had disclaimed that hybridization and breeding experiments would “give any 

great insight into those relations of cause and effect of which Evolution is the expression” 

(Bateson 1894, 7).  But as Coleman has noted, in making the argument that science needed to 

discover not simply “the laws of succession” and “the nature of the progression” of forms but 

also the “moment of [variation’s] beginning” (Bateson 1894, 7), Bateson was proposing a style 

of investigation that would “lead back to the causes of variation” (Coleman 1970, 251).  By 

1894, Bateson had already speculated about the causes of variation and heredity with his 

vibratory theory.  He also suggested that metamerism might be analogous to cell division or 

asexual reproduction (Bateson 1894, 33-36) – meaning a (complex) part would come into 

existence and be added whole, and in essentially a single, large step.  In his 1891 paper on 

corollas, he had suggested that the process of transition in discontinuous series of organisms 

ought to be conceived not with “the continuous action of mechanical forces,” but with chemistry, 

“which is known to us as a discontinuous process, leading to the formation of discontinuous 

bodies, and depending essentially on the discontinuity of the properties of the elementary bodies 

themselves” (Bateson 1891, 388; my emphasis).  Bateson abhorred the “materialistic atomism” 

that had the upper hand in the science of his day, preferring the alternative dynamic, kinetic 

approach in which explanations were sought in terms of motion and forces (Coleman 1970, 269-

272).  But one can easily see the similarities between Mendelism, where inheritance depends 

upon the discontinuous properties of discrete factors, and Bateson’s depiction of what sort of 

causal explanation was likely needed for discontinuous evolutionary processes.    
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This, then, is the picture we have of Bateson as the biometrician-Mendelian dispute 

entered its fiercest period:  Discontinuous variation is the key to understanding evolution, the 

important steps in which are themselves discontinuous.  Selection does not create adaptations, at 

least not in the sense of building them up out of slight differences, and it is not responsible for 

the origin of species.  Mendelism provides a basis for and support of discontinuity in variation 

and evolution.  Biology must investigate and understand the causes of variation and heredity.  

Biology, including the study of evolution, also must become experimental; observation, 

measurement, and description alone are inadequate. 

 

3. Weldon & Pearson:  Continuity and the Phenomenal Approach to Evolution 

Biometry, pioneered by W.F.R. Weldon and Karl Pearson, was an attempt “to find a 

direct confirmation of natural selection” and moreover to demonstrate that “selection acts 

gradually on continuous variation” as Darwin had thought (Gayon 1998, 197; 214).  Its founders 

also sought to do so using a purely statistical approach, without any reference to physiological 

theories of inheritance or variation.  In the first issue of the biometrician’s house journal, 

Biometrika, in 1901, Galton argued that progress in understanding evolution required that 

advanced statistics – implicitly, those developed by Pearson and himself – be applied to biology.  

Although he believed evolution was largely saltational, Galton wrote that “[e]volutionary 

changes are exceedingly slow as a rule;” but by using statistics to determine “the distribution of 

any given attribute, within any given species, at any given time,” biologists could discover 

changes wrought by natural selection “well within the limits of a human lifetime” (Galton 1901, 

9-10).   
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Two years before, Bateson, in calling for hybridization and cross-breeding experiments in 

the study of inheritance, had also urged that biologists use statistics (Bateson [1928] 1984, 166).  

But the difference in approaches can begin to be gleaned from the conclusion of Weldon’s 1893 

paper on correlated variations in the shore crab Carcina maenas (for which Pearson provided 

assistance with the math).  “It cannot be too strongly urged,” Weldon wrote, “that the problem of 

animal evolution is essentially a statistical problem,” in which investigators needed to ascertain 

four facts: 

(a) the percentage of animals which exhibit a given amount of abnormality with 
regard to a particular character; (b) the degree of abnormality of other organs which 
accompanies a given abnormality of one; (c) the difference between the death rate per 
cent. in animals of different degrees of abnormality with respect to any organ; (d) the 
abnormality of offspring in terms of the abnormality of the parents, and vice versâ 
(Weldon 1893, 329). 

 
The term “abnormality” here doesn’t carry its modern-day connotation as a defect; it means 

simply “not normal,” or, as Gayon puts it, “variation from the mean” (Gayon 1998 200).  

Conspicuously, there is no mention in this passage – which is regarded as something like 

Weldon’s manifesto of biometry (Gayon 1998 200; Provine 1971, 31) – of any need to 

understand the causes of variation or inheritance of variation.  Moreover, Weldon declared that 

once investigators ascertained the above four facts numerically for many species, “we shall know 

the direction and the rate of change in these species at the present day – a knowledge which is 

the only legitimate basis for speculations as to their past history and future fate” (Weldon 1893, 

329; emphasis added).    

We can see here Weldon and the biometricians not merely breaking, as Bateson also did, 

with the traditional morphological approach to evolution, but with any kind of causal approach.  

Variation and heredity were real enough for the biometricians, but they were phenomena only, 

and transmission of variation was merely a phenomenal, statistical matter.  There were two types 
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of heredity:  race heredity and individual heredity.  Racial inheritance simply meant that, 

generation after generation, a given character (in whatever deviation from the mean) was a 

constant character of the species or race.  Individual inheritance was merely the affirmative 

answer to the question whether organisms in which the character deviated from the mean had 

offspring in which the character also deviated from the mean in the same direction.  Writing for 

outsiders in 1902, Yule stated that if “the character of the parent enables one to estimate the 

character of the offspring more accurately than would be possible from a mere knowledge of the 

general characters of the race,” then the character was inherited (Yule 1902, 198).  Alternately, 

heredity was simply a case in which one could construct a formula relating the mean character 

(such as stature) in the parents with the mean of the same character in the offspring by means of 

a non-zero constant, a correlation coefficient.  The biometricians took it as established that 

stature in humans between generations, in inches, could be expressed by the formula, Y = 31.10 

+ .45X, where X was the mean stature of the parents, in inches; Y was the mean stature of the 

offspring, in inches; 31.10 was a constant value, in inches; and .45 was the correlation coefficient 

(Yule 1902, 196).  Thus it was proper to speak of stature as an individually inherited character.  

But heredity for the biometricians was purely a descriptive and predictive concept, like the 

inverse square law of gravity.  The inverse square law describes how gravitational force changes 

with distance, and allows predictions of gravitational force to be made.  But it does not explain 

what causes gravity.  Heredity was similar.  It was merely a statistical relationship, and if it 

explained, it did not explain by reference to physiological causes.6

                                                 
6 As Gayon notes, however, casting heredity purely in statistical terms as a non-zero correlation coefficient did not 
permit “general prediction,” because, as Yule himself noted, the coefficient “varies according to the character and 
according to the environment” (Gayon 2006, 11; Yule 1902, 196).  Coefficients between similar organs also differed 
in different species. 
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The emphasis on quantitative description that was the result of accumulated observation, 

where heredity was treated merely as a mathematical formula and not a physiological concept, 

can also be seen in the biometrician’s adherence to the “law of ancestral heredity.”  This was to 

be one more point of contention between the biometricians and the Mendelians, as each side 

generally regarded Mendelism to be incompatible with the law of ancestral heredity.  The 

concept of ancestral heredity was developed by Galton, and he described it as a law, although it 

was Pearson who gave it the name by which it is now known (Pearson also believed he had 

refined it by substantially altering Galton’s formulations, thus adding to confusion begun by 

Galton as to what exactly the law was).  According to Galton, all of an individual’s ancestors 

contributed to the individual’s characteristics:  “The child inherits partly from his parents, partly 

from his ancestry” (Galton 1886, 252).  Such a conception may not seem completely out of place 

to contemporary audiences, who are used to the idea that (generally) every individual in a 

sexually reproducing species – such as humans – receives half of its genes from its mother, and 

half from its father.  Each of them received half their genes from their respective mothers and 

fathers, and so on.  Thus every individual gets, in a sense, one-fourth of its total genes from each 

of its grandparents.  Similarly, it gets one-eighth from each of its great-grandparents, and so on.   

But this is not ancestral heredity.  Galton proposed – and his biometric descendants 

believed – that in addition to the parental contribution, there were contributions from each 

preceding generation, in exponentially decreasing increments.  An individual inherited half its 

heritage from its parents, one-fourth from the grandparents, one-eighth from the great-

grandparents, and so on (Galton 1897, 402).  Galton proposed (what became known as) the law 

of ancestral heredity to explain the phenomenon of regression – that the offspring of, say, taller 

than average parents are more “mediocre” than the parent; that is, their height is closer to the 
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mean for the “race” than is the height of their parents.  Going back a sufficient number of 

generations, the ancestors “cease to differ from any equally numerous sample taken at haphazard 

from the race at large;” the mean of the ancestors “will  then be the same as that of the race” 

Galton 1886, 252).  If an individual received contributions from every ancestor in ever smaller 

portions, regression would follow.  Regardless of the validity of the reasoning and evidence 

behind the belief in regression and ancestral heredity, it is obvious that anyone who believed in 

both, and who entertained the possibility that selection could shift the mean of a character, would 

have to believe that selection could overcome regression.  Galton believed it could not; therefore, 

evolution had to be saltational.  The biometricians believed Galton had misapplied his own 

methods and made false assumptions in drawing this conclusion.  In contrast, they held that 

under proper conditions, selection could overcome regression (Provine 1971, 34). 

Unlike Bateson’s conjectures regarding heredity, the law of ancestral heredity was 

regarded by the biometricians the same way in which they regarded heredity.  It was also like the 

inverse square law of gravity:  descriptive and predictive, but not explanatory by reference to 

causes.  As the conflict with Bateson was at its peak, Pearson argued that “the law of ancestral 

heredity in its most general form is not a biological hypothesis at all” (Pearson 1903, 226)  – that 

is, it was not a physiological theory about the causes of heredity.  It merely expressed statistical 

correlations.  In cases “where parents of identical character do not produce identical offspring, 

the theory of statistics shows us that closer prediction may be obtained when we predict from 

many instead of few relatives” (Pearson 1903, 226).  In his paper in which he “synthesized” 

biometry and Mendelism, Yule also stated that “ancestral heredity” meant more or less that “the 

character of the grandparent (like that of the parent) enables one to estimate the mean character 

of the offspring more accurately than would be possible from a mere knowledge of the characters 
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of the race” (Yule 1902, 201).  Confidence in ancestral heredity was not completely misplaced.  

Galton believed he had found evidence of it in Basset hounds (a finding Yule cited in its support 

in 1902), and Pearson in his 1903 defense of the law cited instances of it in – and its usefulness 

for making predictions about – coat color in horses and dogs, and eye color in humans (Pearson 

1903, 211-214). 

As Gayon notes (Gayon 2006), the biometricians’ phenomenal approach was also 

reflected in, and surely inspired at least in part by, Pearson’s philosophy of science.7  In The 

Grammar of Science (first published in 1892 as a guide for students of mechanics while Pearson 

was still working in physics) Pearson argued forcefully that science “is a conceptual description 

and classification of our perceptions, a theory of symbols which economizes thought.  It is not an 

explanation of anything.  It is not a plan which lies in phenomena themselves” (Pearson [1900] 

1937, 174; emphasis in original).  Humans are trapped in the phenomenal world of our sense-

impressions, and while we can legitimately infer that there are supersensory “things in 

themselves” which produce these impressions, we can have no knowledge of these things in 

themselves outside our own sense-impressions (Pearson [1900] 1937, 61).  So metaphysical 

notions of causality in the sense of necessary connections between things in themselves and our 

sense-impressions, or between events (themselves construed as sense-impressions), are not 

scientific.  To say scientifically that x causes y is simply to say that we find x invariably 

preceding y:  “When we scientifically state causes we are really describing the successive stages 

of a routine of experience” (Pearson [1900] 1937, 113).  When science speaks of putative entities 

behind the phenomena, such as atoms, the existence of which has not been demonstrated by 

direct perceptual experience, it should be as mere conceptions which allow us to classify the 

                                                 
7 Cf. Sloan (2000), which is based in part on, and concurs with, an earlier version of (Gayon 2006).  Sloan concludes 
that the influence of Mach’s phenomenalism on Pearson played a key role in his and Weldon’s rejection of 
Mendelism and its postulation of hidden causal entities. 
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perceptions we do have, and to economize our thought.  To speak of them as really existing is to 

go beyond our experience and engage in metaphysics.  Aside from violating the canons of good 

empiricism, such moves were dangerous, as they tended to get physicists “entangled in the 

meshes of such pseudo-sciences as natural theology and spiritualism” or gave ammunition to the 

enemies of science among theologians and philosophers (Pearson [1900] 1937, 142-143; 4-5).   

A second edition of The Grammar of Science was published in 1900, as the disputes 

between Pearson and Weldon on the one hand, and Bateson on the other, were near their height, 

and Mendel’s 1865 paper was being rediscovered.  Theories of heredity then came in for attack 

in the book.  Pearson wrote that August Weismann’s theory of the continuity of the germ plasm 

“as a conceptual mode of describing our perceptual experience seems to be of considerable 

value,” because it disallowed the inheritance of acquired characters; thus it was an improvement 

over Darwin’s theory of pangenesis, in which unperceived “gemmules” transmitted characters, 

including acquired characters, into the next generation (Pearson [1900] 1937, 282).  But Pearson 

faulted Weismann for also “projecting his conceptions into the phenomenal world,” where no 

one had ever observed “germ plasm” as an element in germ cells (Pearson [1900] 1937, 283).  

Sarcastically, he asked, “Cells, we know, nuclei we know, with complicated networks of 

nucleoli; but what is germ-plasm?  Something not to be seen and not to be caught by aniline stain 

or acetic acid” (Pearson [1900] 1937, 283).  Yet physicists were to blame for Darwin’s and 

Weismann’s transgressions, because in postulating the existence of gemmules or germ-plasm, 

and modeling them on atoms or molecules, they had merely made the same mistake as naïve 

physicists.  The “fundamental conceptions of biology” also needed to be recalibrated with the 

realization that “physical science is solely a conceptual description,” and that “matter as that 

which moves and force as the why of its motion are meaningless” (Pearson [1900] 1937, 283).  
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With this in mind, one can begin to understand the hostility of the biometricians to Mendelism, 

in which “heredity was a question of structure, not of lineage,” which sought more to deduce the 

genetic structure of organisms than predict the distribution of characters in their offspring, and 

which, when it did engage in such prediction, employed a causal theory that sought to explain 

heredity in terms of “unit characters” (Gayon 1998, 291). 

Weldon also stressed what he saw as the advantages of a phenomenal, non-causal 

approach (in the metaphysical sense of cause against which Pearson inveighed; the Humean, 

phenomenal sense of cause was admissible).  In a groundbreaking 1895 paper in Proceedings of 

the Royal Society of London on Carcinus maenas (in which Weldon argued that “selective 

destruction” had been observed in correlation with the distribution of “frontal breadth” in young 

versus adult crabs [about which more shortly]), Weldon stated that “by purely statistical 

methods, without making any assumption as to functional importance of the frontal breadth, the 

time of life at which natural selection must be assumed to act, it if acts at all, has been 

determined” (Weldon 1895a, 371).  This “form of the result,” Weldon wrote, “is of very great 

importance.”  It vindicated, he believed, his statement in his 1893 paper that biologists needed 

only to determine the numerical values of the four parameter he had set forth there to discover 

the direction and rate of evolution.  And, they could be obtained “without introducing any theory 

of the physiological function of the organs investigated” (Weldon 1895a, 379).   

As Gayon notes (Gayon 1998, 214), such a comment is two-fold.  In a brief paper in the 

same edition of the Proceedings, which Weldon termed an “appendix” to the initial report,  

Weldon stated that biometrical methods had ascertained the importance to survival of “a given 

deviation from the mean character” in a group of animals without needing to determine the 

“functional adaptation” – the adaptive significance – of the character (Weldon 1895b, 381).  This 
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was further repudiation of the old morphological approach.  But Weldon also maintained that “a 

theory of the mechanism of heredity is not necessary in order to measure the abnormality of 

offspring associated with a given parental abnormality,” and thus was not necessary in order to 

understand the direction or rate of evolution (Weldon 1895b, 381).  This was repudiation of 

investigators, like Bateson, who were searching for and believed it necessary to get at the 

underlying physiological mechanisms – the causes (in the pejorative sense) – of variation and 

heredity.   

Weldon did talk of causes, but such talk was conventional, a classifying of phenomena.  

The English zoologist E.R. Lankester (who had been appointed to the Linacre Professorship in 

Comparative Anatomy at Oxford in 1890 over Bateson) criticized Weldon’s report in a letter to 

Nature in July 1896.  Weldon may have demonstrated that “such-and-such a proportion of 

frontal measurement accompanies survival,” but it was “unwarranted” and “unreasonable” to 

claim that the variation was the cause of an increased or decreased mortality rate (Lankester 

1896, 245).  Lankester argued that Weldon (who was Lankester’s former student) had not ruled 

out the possibility of the effect of correlation of parts – that variation in frontal breadth was 

correlated with variation in some other, unrecognized character, and it was the latter character 

which conferred a survival advantage.   Methods such as Weldon’s committed the fallacy of post 

hoc, ergo propter hoc, were “inadequate,” and were “injurious to the progress of knowledge” 

(Lankester 1896, 245).8  Citing An Enquiry concerning Human Understanding, Weldon replied 

that he held Hume’s definition of cause:  “an object, followed by another, and whose appearance 
                                                 
8 The dispute grew out of a Linnean Society presentation by Alfred Russel Wallace on specific differences.  
Lankester pointed out during the discussion that apparently useless characters which differentiated species might be 
correlated with characters important to survival.  His example was the 1813 hypothesis by W.C. Wells that tropical 
humans were dark skinned (a “useless” racially differentiating character) because dark skin was correlated with an 
ability to resist malaria, and such resistance conferred a survival advantage.  Weldon then commented that Lankester 
was being “absolutely illogical,” because it was “impossible logically to separate these two correlated phenomena.”  
The dark skin was as much a cause of increased survival as malaria resistance (Lankester 1896, 245).  Weldon’s 
accusation that Lankester was “illogical” explains the bitterness of Lankester’s retort. 
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always conveys the thought to that other” (Weldon 1896, 294).  In the 1895 Carcinus maenas 

study, Weldon had shown that such an association existed, giving him all the right he needed to 

consider the variation the cause of the change in mortality rate.  Rather, it was Lankester who 

advocated an “illogical” move in trying to “choose one out of a number of universal antecedents” 

as the cause – particularly some purported unobserved, underlying cause – to the exclusion of all 

other possible contenders (Weldon 1896, 294).  This was consistent with Pearson’s analysis of 

the scientifically acceptable notion of cause in the Grammar of Science.   

Attempting to avoid talk of causes, except as Humean associations or constant 

conjunctions, might seem to be misplaced in any study which wanted to demonstrate that a 

change in frequency of some characters was the result of natural selection.  Such a project would 

seem to imply that natural selection was the cause of the change.  After all, Darwin had, in the 

Origin, sought to demonstrate that natural selection was a “true cause,” and to build a case that 

natural selection was in fact the cause of the remarkable contrivances of organisms – and of their 

startling instincts and behaviors, such as slave-making in some ants, or construction of nearly 

perfect hexagonal hive cells by bees.  Yet we can possibly understand the stance of the 

biometricians by noting that Darwin also wrote as if natural selection were the outcome of other 

processes.  Natural selection, that is, is what happens due to other causes, which can be 

considered phenomenally.  More organisms are born than can survive.  Any organisms which 

exhibit variation in a character which gives them even a slight advantage in the inevitable 

struggle for existence will tend to survive and pass on this advantageous character to their 

offspring:  “This preservation of favourable variations and the rejection of injurious variations, I 

call Natural Selection” (Darwin 1859, 81).  Applied to Weldon’s study, selection – in the sense 
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of preservation or non-preservation, determined retrospectively – occurred, but it was deviation 

of a character from the mean that was the cause of a change in mortality rate.  

Two of Weldon’s papers on Carcinus maenas are also relevant in another respect.  They 

show natural selection of continuous variation shaping the characteristics of a local population of 

organisms.  For an 1895 paper, Weldon obtained measurements of the “frontal breadth” of 8,000 

female shore crabs of various ages from Plymouth Sound (Weldon conjectured that length of a 

crab’s carapace was an indication of age; the longer the carapace, the older the crab).  “Frontal 

breadth” was the distance between the tips of the extra-orbital “teeth” of the carapace (the first 

pair of carapace teeth on either side of the center line of the carapace).  Weldon determined that 

deviation from the mean frontal breadth was low in very young individuals, increased steadily 

until just before the crab reached maturity, then decreased again, more rapidly, to the point of 

adulthood.  He was able to show that “selective destruction” – the death rate attributable to 

natural selection, that is, due to deviation from the mean in frontal breadth “and in the group of 

characters, whatever these may be, which are directly correlated with it” – was 7.7 percent 

between the age at which deviation from the mean had its greatest value, and the age of maturity 

(Weldon 1895a). 

As Gayon points out, however (Gayon 1998, 217), this demonstrated what today would 

be called stabilizing selection – unfit variations being culled from the population, which 

remained centered on a stable mean for a given character.  It did not show “creative” selection – 

selection that resulted in a shift of the mean.  If natural selection were to be confirmed as the 

driving force of evolutionary change in the way in which Darwin imagined, and not merely a 

force which kept species stable to their type, biologists would need to find evidence of this 

creative, or directional, selection.  In his 1895 paper on Carcinus maenas, Weldon suggested that 
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if there were a change in the mean from generation to generation, “it is at least very small” 

(Weldon 1895a, 371).  To catch directional selection in the act would require observing a rapid 

change in the mean.  In such a case, he observed, “the chances of deviation [in the character from 

the mean] are not sensibly symmetrical” – that is, not equally likely in both directions – and “the 

mean is not necessarily the position of minimum destruction.”  To establish a case of rapid, 

directional selection purely statistically “requires the help of a professional mathematician” 

(Weldon 1895a, 371). 

Instead of a statistical treatment based purely upon observation, Weldon in 1898 

embarked on an experiment, an approach that was unusual for the biometrical school he was 

founding.9  The purpose was to rebut the views, widely held at the time, that small variations 

were simply too insignificant to be selectively relevant, and that the process of natural selection 

is simply too slow to have effected organic transformations in the amount of time Earth had 

existed.  These were, Weldon declared, assumptions no one had bothered to investigate (Weldon 

1898, 897).   

He had found that mean frontal breadth in adult male shore crabs, expressed in terms of 

carapace length, from Plymouth Sound had shrunk over the five years from 1893 to 1898, no 

matter the size of the crab.  He noted that a mile-long breakwater built about 50 years earlier had 

partially closed Plymouth Sound, resulting in a build-up of china clay silt washing in from the 

Sound’s estuary system.  The population of Plymouth had increased over the same time, the 

Plymouth dockyards had been expanded, and more ships were in the harbor, resulting in more 

waste being ejected into the Sound.  The waters of Plymouth Sound had become siltier, leading 

to the disappearance of organisms that used to live in it (Weldon 1898).  Weldon hypothesized 

                                                 
9 Weldon’s methodology, and that of the biometrical school, was to observe, measure, and correlate – although the 
biometricians did begin engaging in experiment around 1902 to meet Bateson’s Mendelian challenge to the law of 
ancestral heredity (Provine 1971, 73-80). 
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that there was a connection, due to natural selection, between increased sediment and the 

decrease in frontal breadth in crabs.   To test this, Weldon placed several hundred crabs in a 

container with seawater and fine-ground china clay in suspension.  The crabs which died had a 

larger frontal breadth than those which survived.  A second run using actual mud from the 

Plymouth coast gave the same result.  Finally, he raised several hundred young crabs in 

containers with clear seawater – protected from the “selective mud” – and measured their frontal 

breadth after they moulted.  He found that these crabs had a larger frontal breadth than wild crabs 

of the same size.  Weldon hypothesized that this had to do with “the way in which crabs filter the 

water entering their gill-chambers.”  The gills of the crabs that died in the experiment were 

covered with “fine white mud,” which was not found on the gills of the survivors.  Narrower 

frontal breadth, he suggested, “renders one part of the process of filtration of water more 

efficient than it is in crabs of greater frontal breadth” (Weldon 1898, 901).  

Weldon believed the conclusion was inescapable:  “[W]e have here a case of Natural 

Selection acting with great rapidity because of the rapidity of which the conditions of life are 

changing” (Weldon 1898, 900).  Wider frontal breadth put crabs at a selective disadvantage in 

the muddier water; natural selection was reducing the frontal breadth of the crabs in Plymouth 

Sound.  Natural selection could act upon continuous variation to alter the characteristics of a 

population of organisms.  And it could take place rapidly.  Yet, according to Gayon, Weldon was 

not happy with the results, because he had not demonstrated directional selection along 

biometrical lines (Gayon 1998, 223; Weldon expresses no such dissatisfaction in his 1898 

paper).  He had not given the correlation between parents and offspring, nor the correlation 

between frontal breadth and the crabs’ filtration system (in the 1895 study, frontal breadth had 

been correlated with carapace length).  And while he had provided evidence of the direction of 
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the evolution of the Plymouth Sound shore crabs, he had not established, as he had in 1895, the 

“rate of selective mortality.”  He had failed to establish the four facts which he had said in 1893 

were required to know the direction and rate of evolution, and which constituted “the only 

legitimate basis for speculations” about evolutionary trends.10   

Aside from their disagreement as to whether evolution was mostly continuous (gradual) 

or mostly discontinuous (saltational), and whether continuous or discontinuous variation was of 

primary importance in evolution, the biometricians and the Mendelians disagreed about the 

import of Mendelism for the law of ancestral heredity.  Weldon, in a strident denouncement of 

the approach Bateson favored, claimed that “the fundamental mistake which vitiates all work 

based upon Mendel’s method is the neglect of ancestry” (Weldon 1902, 252).11  Advocates of 

Mendel – i.e., Bateson – believed they could determine “the whole effect upon offspring” using 

genetic knowledge of a character in the parental generation alone.  But “those who have 

observed the offspring of parents identical in certain characters”  knew that “their race, that is 

their ancestry, must be taken into account before the result of pairing them can be predicted” 

(Weldon 1902, 252).  This supposed fact was “well known to all breeders” and was “clearly 

shown in a number of cases by Galton and Pearson” (Weldon 1902, 241).   

Pearson also believed that Mendelism was in tension with what he took to be the well-

established results of the biometricians.  The “theory of the pure gamete” was not, he claimed “in 

                                                 
10 While Weldon’s work with shore crabs was meant to demonstrate selection acting upon continuous variation, 
Gayon believes Weldon in 1895 adopted the attitude that “it did not matter whether evolution took place gradually 
or by leaps as a consequence of sports, as Bateson had argued in 1894” (Gayon 1998, 215).  I am unconvinced.  
True, Weldon mentions the possibility of evolution by sports in his “appendix” to his (1895a), and states that his 
study doesn’t have to do with this.  But he is more definite regarding evolution by sports than Gayon implies.  He 
outlines this position as “another view” arisen “of late years” – i.e., a heterodox view – and claims that the “possible 
effects” of “occasional ‘sports’” are “exceptional cases” (Weldon 1895b, 380).  The emphasis on selection of “slight 
abnormalities” remains. 
11 Notice that Weldon doesn’t say that this merely impairs work based on Mendel – it vitiates it!  This was the 
attack, along with its misunderstandings of Mendel, which launched Bateson’s anti-Weldon polemic, Mendel’s 
Principles of Heredity, a Defence (1902). 
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essential opposition to the broad features” of “the biometric description of inheritance in 

populations” (Pearson 1904, 86).  But a “generalised” Mendelian theory was not “elastic” 

enough to account for the constants in the (refined version of the) law of ancestral heredity 

(Pearson 1904, 86).  Upon working out what he believed would be the consequences of a 

generalized Mendelism in a randomly breeding population, Pearson concluded that Mendelism 

predicted a correlation between parent and offspring of ⅓, although the biometricians had shown 

it was closer to .45 or .50 (the ½ which was written into the refined version of the ancestral law).  

Moreover, generalized Mendelism also predicted, Pearson claimed, that the correlation would 

not vary from character to character, and that it was the same for all species.  Again, these 

findings conflicted with biometrical research.  The general theory “throws the Mendelian back 

into the position of the biometrician of 1885” (Pearson 1904, 64).  Pearson left it an open 

question whether “other more or less general Mendelian formulae” might succeed (Pearson 

1904, 86), but conveyed suspicion that Mendelism had already become hopelessly ad hoc:   

The original Mendelian theory has been replaced by what are termed “Mendelian 
Principles.”  In this aspect of investigation the fundamental principles propounded by 
Mendel are given up, and for each individual case a pure gamete formula of one kind 
or another is suggested as describing the facts.  This formula is then emphasised, 
modified or discarded, according as it fits well, badly or not at all with the growing 
mass of experimental data (Pearson 1904, 53). 

 
 For his part, Bateson also concluded that Mendelism conflicted with the ancestral law:  

“the Mendelian conception of heredity effected by pure gametes representing definite 

allelomorphs is quite irreconcilable with Galton’s conception in which every ancestor is brought 

to account in reckoning the probable constitution of every descendant” (Bateson 1902, 65; 

emphasis in original).  Bateson conceded that “Galton’s law” might apply in cases of continuous 

variation with blended inheritance.  These would be cases, such as stature, where there might be, 

Bateson hypothesized, more than a single “antagonistic” pair of allelomorphs, even though each 
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gamete representing an allelomorph would itself be pure [Bateson 1902, 59]).  Yet even in these, 

he suggested, “Galton’s law may be a representation of particular groups of cases which are in 

fact Mendelian” (Bateson 1902, 66).  Even the biometricians’ paradigm example of ancestral 

heredity – coat color in Basset hounds – was actually an instance of discontinuous variation with 

pure gametes, Bateson suggested.  What was certain was that “Galton’s law cannot be accepted 

as ‘universally applicable to bi-sexual descent’” – and this was something that “any practical 

breeder” had always known (Bateson 1902, 66).  This, of course, is precisely the opposite of 

what the biometricians believed. 

 The picture we have of Weldon and Pearson, then, is this:  Evolution takes place as 

selection acts upon continuous variation and “slight abnormalities,” shifting a character mean 

gradually – just as Darwin believed.  Adaptations, such as narrowed frontal breadth in shore 

crabs, are a result of this process.  Mendelism might be useful in some ways, but as a general 

theory of heredity it violates the well-established law of ancestral heredity.  Experiment is 

inferior to purely statistical analyses based upon observation, because it postulates and attempts 

to get at causes – physiological mechanisms of heredity involving unobserved entities lying 

behind the phenomena. 

 

4.  Analysis – Will the Real Darwinians Please Stand Up? 

Reviewing the positions of the disputants, it might appear that the biometricians are the 

Darwinians.  This impression seems to be shared by historians of science such as Hull (1985), 

Mayr (1982), Morrison (2002), and Provine (1971), and is somewhat understandable, since the 

views of the biometricians on evolution are more obviously consonant with Darwin’s.  At that 

time in England, where the dispute took place, Darwinism was identified with evolution by 
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selection of small variations; ergo, anyone who didn’t emphasize this point was challenging 

Darwinism (and probably wasn’t properly considered a Darwinian).  The question, however, is 

whether this impression which historians seem to share is correct.  As I argued in Chapter 2, we 

need to differentiate Darwin’s views and his particular theories from the broader research 

program which he initiated.  The outlines of the program are going to be more general, or more 

abstract, than any of the “statements held true” by Darwin himself.  Still, because the 

biometricians can be regarded perhaps more naturally and less controversially as Darwinians, the 

test is to see whether Bateson can be regarded as a Darwinian. 

Nordmann lists a “puzzling array of biographical features” for Bateson with which 

anyone who wishes to cast Bateson as a non-Darwinian or anti-Darwinian must contend 

(Nordmann 1992, 57).  Among them are the following:12  1) In his 1890 application for the 

Linacre Professorship, Bateson wrote that “the proper way to develop Zoological study is to 

pursue Darwin’s problems and to employ Darwin’s methods.”  The study of variation was not 

merely the proper guide to understanding evolution, but was, Bateson asserted, the method used 

by Darwin himself (Bateson [1928] 1984, 34).  2) Bateson praised Darwin for “the first full 

perception of the significance of variation” and for “his incomparable collection of facts” 

(Bateson 1914, 277; 284).  3) He professed his belief that evolution proceeds by “the Natural 

Selection of favoured races” (Bateson 1914, 283; cf. Bateson 1894, 80).  4) Along with Darwin, 

he believed that the differences between species – “specific differences” – and the “fixity of 

species” requires explanation (Bateson 1894, 11; Bateson 1914, 284).  5) Like Darwin, Bateson 

did not believe that variation had an “environmental cause.”  Bateson’s studies on the Russian 

                                                 
12 In his (1992), Nordmann generally produces descriptions of the puzzling biographical features, with citations to 
Bateson’s writings as evidence.  What follows are the statements by Bateson himself, rather than citations from 
Nordmann.  The numbering is my own. 
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steppes had convinced him that was the case (Bateson 1889, 33).  In Darwin’s terms, variation 

was not due to “the direct action of the conditions of life” (Darwin 1859, 134). 

 Analyzing along the lines I have suggested, we can see that Bateson hewed to most of the 

central commitments of Darwinism.  First, he took descent with modification to be “established” 

(Bateson 1924, 403), and that it proceeded by a process of branching (Bateson 1909, 96).  There 

was no doubt about the reality of evolution; what was in question was “the actual mode and 

processes of evolution” (Bateson 1922, 61).  Second, there is a commitment to the entity that 

evolves:  not individual organisms, but (for Bateson) the variety, largely through the differential 

reproduction of advantageous variation.  This needs to be qualified somewhat, since Bateson’s 

view is that such advantageous variation appears fully formed or “perfect” and in jumps, 

although apparently such new variation is passed on to descendants via the purity of the 

organism’s gametes.  Thirdly and fourthly would come selection and adaptation; these are more 

problematic, and I will discuss them in more detail below.  Fifth, Bateson certainly eschewed 

supernatural explanations; any “alternative hypothesis” to evolution as descent, he held, 

“involves the idea of Special Creation which by common consent is now recognized as absurd” 

(Bateson 1894, 4).  And while his vibratory hypothesis (and his belief that cells were “vortices” 

through which matter flowed – see Bateson 1924, 408) may seem to us to be strange, even 

slightly occult or mystical, it was fully physicalistic, and in keeping with a kinetic view of nature 

which was advocated by many of the scientists of his day (Coleman 1970, 271).  Sixth, Bateson 

advocated looking to the history of organisms to explain their present state (even if discontinuous 

evolution might obscure such history):  to understand the “laws of succession” in evolution and 

to fully study variation, biologists needed to “stand as it were aside and watch the procession as 

it passes by,” rather than simply compare forms (Bateson 1894, 7).   
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 Interestingly, later in life Bateson seemed to embrace teleological evolution.  He doubted 

that variation could occur by addition of Mendelian factors, since he saw no way in which such 

factors could be added to an organism.  The expression of new variation would therefore have to 

occur by the loss of factors – specifically, by the removal of “‘epistatic’ factors” that “control, 

mask, or suppress underlying powers and faculties” (Bateson 1914, 293).  This meant that 

evolution could be an “unpacking of an original complex which contained within itself the whole 

range of diversity which living things present” (Bateson 1914, 293).  It is unclear whether 

Bateson had in mind a literal, deterministic, fully pre-programmed unfolding (like a massive and 

unimaginably intricate Rube Goldberg machine); or an unfolding that ran by fits and starts in a 

branching pattern in response to environmental cues; or something else.  In his address to the 

1909 Darwin Centennial, Bateson intimated it was more likely the former; the order of the 

unpacking might be “pre-determined”:  “the original ‘pack’ may have been made in such a way 

that at the nth division of the germ cells of a Sweet Pea a colour-factor might be dropped, and 

that at the n+n ′ division the hooded variety be given off” (Bateson 1909, 101).  Bateson claimed 

that he could “see no ground whatever” for holding such a view, and denied any belief in 

orthogenesis (in the sense of variation being definite in direction), but immediately stated, “the 

possibility should not be forgotten, and in light of modern research it scarcely looks so absurdly 

improbable as before” (Bateson 1909, 101). 

Selection and adaptation are more clear-cut cases in which Bateson disagreed with 

Darwin.  Nordmann’s list of puzzling features masks and downplays the extent to which Bateson 

had one foot within and one foot outside the Darwinian research program.  As Provine notes 

(Provine 1971, 41), it’s likely that in his application for the Linacre Professorship, Bateson 

claimed that he intended to “employ Darwin’s methods” partly because he did not want to be 
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seen as “anti-Darwinian” (even though his published work was already dissenting from the 

Master).  Although he submitted this application before he became firmly convinced that 

discontinuous variation was the key to evolution, it followed his disappointing studies in Russia, 

which had failed to reveal the continuous variations which Darwin believed were of primary 

importance for evolution.  And Bateson did praise Darwin’s method and his accumulation of 

facts, and lauded him for proposing a way – natural selection – in which evolution might 

conceivably work, making the idea of descent plausible at last.  Darwin “begat not a theory, but a 

science” (Bateson 1909, 87). 

But we need to look also at what Bateson said within a few words of issuing such praise 

and professions.  True, in his 1914 presidential address to the British Association in Melbourne, 

Bateson says “we would fain emulate [Darwin’s] scholarship, his width and his power of 

exposition,” but then immediately states, “to us he speaks no more with philosophical authority.”  

True, Bateson professes belief in evolution proceeding by natural selection preserving some 

races over others.  But, absent Darwin’s utilitarian emphasis on adaptation, which Bateson felt 

was scientifically passé, “the doctrine of the survival of favoured races is a truism, helping 

scarcely at all to account for the diversity of species.”  Darwin’s argument about the preservation 

of favored races is “sound” but its value is “doubtful” (Bateson 1914, 283).  Finding value “in all 

definiteness of parts and functions” – Bateson’s characterization of the adaptationist bent of 

Darwinism – “is mere eighteenth-century optimism” (Bateson 1914, 284).   

Moreover, Bateson declared years later that natural selection could not be regarded as the 

mechanism that produced adaptations.  “We have done,” he claimed, “with the notion that 

Darwin came latterly to favour, that large differences can arise by accumulation of small 

differences” – such small differences could not possibly be advantageous enough for selection to 
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latch onto them and preserve them (Bateson 1914, 286; see also Bateson 1909, 99-101; Bateson 

1924, 404).  Nor could the accumulation of small differences account for the ways in which 

species differ and become fixed – that is, selection was probably not involved in speciation 

(Bateson 1914, 284; Bateson 1922, 59; Bateson 1924, 406).  As we have seen, Bateson had been 

making these latter claims since the 1890s.  Selection merely culls unfit entire organisms – it was 

not “daily and hourly scrutinising, throughout the world, every variation, even the slightest; 

rejecting that which is bad, preserving and adding up all that is good” (Darwin 1859, 84).  For 

Bateson, how adaptations, to whatever extent they really exist, are produced is a mystery about 

as big as the original “mystery of mysteries,” the origin of species. 

Given the extent to which I have characterized Bateson as a dissident, particularly in 

areas such as adaptation and selection, which I set forth as central commitments of Darwinism, 

in what sense can I then agree with Nordmann that Bateson should be seen as a Darwinian, and 

that the disagreements he had with the “orthodoxy” ought to be seen as a conflict within the 

research program?  There is a twofold answer.  The first prong is identified by Nordmann:  

Darwin was sufficiently vague (whether deliberately or not) about how to carry out the research 

he was proposing.  I would add, as the second prong, that Darwin’s work was sufficiently rich 

and varied to allow both Bateson and the biometricians to justifiably see themselves as, in the 

emphasis of their respective sub-programs, taking up and extending themes and subjects set forth 

by the Master. 

It nearly goes without saying, for example, that Darwin recognized variation as the raw 

material of evolution, the stuff upon which natural selection acts.  For natural selection to 

transform a species, favorable variations must also be capable of being fairly faithfully inherited.  

In the first edition of the Origin, Darwin confessed that “the laws governing inheritance are quite 
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unknown,” even as he recognized that some sort of lawfulness in heredity – the transmission of 

variation – was monumentally important to his theory of evolution (Darwin 1859, 13).  Equally 

important would be knowledge of “the causes and laws of variation,” another area about which 

Darwin confessed science was ignorant, and which was one of the “grand and almost untrodden” 

fields of inquiry which Darwin promised his program of research would open (Darwin 1859, 

131; 486).  And Darwin did not sit by waiting for someone else to develop a theory of heredity.  

In The Variation of Animals and Plants under Domestication, Darwin put forward his 

“provisional hypothesis of pangenesis,” in which “gemmules,” the atoms of heredity, are 

“thrown off by every cell or unit, not only during the adult state, but during all the stages of 

development” (Darwin 1868, 374), and then are circulated (somehow) into the reproductive 

organs.  Bateson should therefore be viewed, and rightfully viewed himself, as trying also to 

resolve these crucial questions; hence his declaration in Materials for the Study of Variation that 

“Variation, whatever may be its cause … is the essential phenomenon of Evolution.  Variation, 

in fact, is Evolution” (Bateson 1984, 6).  And in searching for a physiological account of 

variation and heredity, Bateson could see himself as following in Darwin’s pangenesis footsteps.  

Another of the fields to be opened was “correlation of growth” (Darwin 1859, 486), an area in 

which both Bateson and the biometricians can be seen to be engaging – Bateson investigating 

how (through, for example, his vibratory hypothesis) variations are correlated, and the 

biometricians conducting phenomenal investigations to derive correlation coefficients. 

These last points bring out another way in which both Bateson and the biometricians 

could regard their approaches as Darwinian.  Nordmann points out (Nordmann 1992) that in the 

famous “entangled bank” paragraph that concludes the Origin, Darwin refers to “laws acting 

around us,” in particular those of “Growth and Reproduction,” in addition to his earlier reference 

 100



 

to “the causes and laws of variation” (Darwin 1859, 489; emphasis added).  As would be 

expected of someone operating in a philosophy of science which held Newton as the standard, 

Darwin continuously attempts in the Origin to cast the processes of evolution in the context of 

laws; “Laws of Variation” is the title of Chapter V.  In speaking of the causes of variation, 

Darwin is licensing a causal analysis.  In his talk of laws, Darwin can be read either as referring 

to laws phenomenally, in the way in which the biometricians perceived laws, or causally.  

Moreover, Darwin in his works engaged in both experiment (e.g., testing how long seeds could 

survive in sea-water [Darwin 1857]), and in a hypothetico-deductive method based upon 

observations (by himself, other naturalists, and breeders) that did not come directly from 

experiment (not merely in the Origin but in other works, such as The Expression of the Emotions 

in Man and Animals (1872a), in which emotional reactions in dogs, cats, monkeys, and humans 

are cataloged and compared in an attempt to derive their evolutionary origins).  This implicit 

advocacy of methodological pluralism allows us to see both Bateson and the biometricians as 

heirs to Darwin who are divided by what Nordmann terms “mutually exclusive or incompatible, 

even incommensurable, methods of analysis” (Nordmann 1992, 65).  Alternately, we can view it 

in a manner Provine perhaps inadvertently suggests (Provine 1971, 93), as a conflict between 

“Galton’s theory of selection” – selection acting effectively upon “sports” or discontinuous 

variation, not continuous variation, a view shared by Bateson – and “Darwin’s theory of 

selection,” where selection acts effectively upon small, individual differences.  On this view, we 

again have conflicting, even contradictory, theories within a single research tradition. 

Of course, there is also an “on the other hand.”  I argued in the previous chapter that the 

meaning of concepts in the central commitments of Darwinism, such as adaptation and selection, 

will be determined at least in part by ancillary theories and empirical observations.  These, I said, 
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are “secular” – they will change over time, and as they change, so will the content of such 

concepts like selection and adaptation.  We need to recognize that Bateson proposed ancillary 

theories of variation and heredity that would have required radical modifications in the concepts 

of adaptation and selection.  In a Batesonian Darwinism, selection would be shorn almost 

completely of its role in evolution (except in what Bateson regarded as its “truism” form as the 

fact that favored races will survive), and adaptation might vanish altogether.   

Previously, I also suggested that a research program like Darwinism has a “conceptual 

range,” and that a scientist would be closer to the periphery of the range the more she dissented 

from the central commitments.  Bateson – whom I’ve already described as having one foot inside 

and one foot outside the Darwinian research program – would be, on my view, one of these 

“peripheral” figures.  In some models of speciation (peripatric and parapatric), speciation begins 

more or less with the formation of a peripheral isolate, which, having a more-or-less random 

sample of the original population’s genome and being exposed to different selective pressures, 

begins its own evolutionary trajectory.  Extending the analogy between conceptual systems and 

species, we can view Bateson as a near peripheral isolate, and his work and emphases as an 

incipient speciation event in the evolution of Darwinism.  On Hull’s view – which is something 

like the view Nordmann seems to hold – where only anagenetic evolution appears to be 

considered, we seem to have no choice but to place Bateson either fully inside or fully outside 

Darwinism.  Neither is accurate.  But if we extend the analogy as I have suggested to include 

incipient speciation and cladogenesis, we end up with a more faithful representation of the work 

and theories of a figure like Bateson. 

Was Bateson in fact proposing an alternative research tradition?  I have characterized this 

episode in the evolution of Darwinism as an “incipient” speciation event because speciation did 
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not take place.  In papers in 1918 and 1922, Fisher showed that the results of biometry could be 

interpreted in Mendelian terms.  Like Haldane and Wright, he began to work out the 

evolutionary consequences of Mendelism in populations of organisms.  Castle, Nilsson-Ehle, 

East, and Morgan began to demonstrate that Mendelism was compatible with selection acting 

upon continuous variation.  Bateson himself died in 1926, having won the battle for Mendelism.  

But he lost the larger war for discontinuous, “non-Darwinian” evolution – and again found 

himself on the periphery as he opposed chromosome theory (Coleman 1970; Darlington 1980).  

In 1914, Bateson declared that “this is no time for devising theories of evolution, and I propound 

none” (Bateson 1914, 292).  Yet the statement itself, and Bateson’s other criticisms of 

“orthodox” Darwinism, imply that an alternate theory of evolution was needed.  The study of 

evolution was “just about where Boyle was in the seventeenth century,” Bateson declared in 

1914, reflecting a theme he was to carry forward to the end of his life.  “We can dispose of 

alchemy, but we cannot make more than a quasi-chemistry,” Bateson averred.  “We are awaiting 

our Priestley and our Mendeléeff” (Bateson 1914, 296).  Darwin had begat a science, but his 

views were comparable to alchemy.  In Bateson’s eyes, biology had yet to find its unifying 

paradigm.  Bateson believed it was coming, and could vaguely see its outlines, but at them he 

could do no more than gesture, mostly, it turns out, in vain.     
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Chapter Four:  Neo-Lamarckism in 19th Century America:  A Case of Reticulate Evolution 
in Scientific Research Traditions 

 1.  Reticulate Evolution 

 In the previous chapter, I examined an episode of (near) cladogenetic evolution in a 

scientific research program.  This expanded on the incomplete view found in Hull, where 

anagenetic evolution alone is considered.  Yet if we are to be thorough in analogizing the 

evolution of conceptual systems to the evolution of species, we need to recognize that there are 

still other patterns of evolution that exist in the organic world, including reticulate evolution, and 

lateral gene transfer (or horizontal evolution).   

 Reticulate evolution is, generally, the production of a new species from at least two other 

species through hybridization and, sometimes, allopolyploidy – the doubling of sets of diploid 

chromosomes where each set comes from a different species.  Allopolyploidy is not necessary, 

but the adjustment which it accomplishes is.  It allows the hybrid to produce viable, fertile 

offspring, and causes the separate evolutionary branches which came together in hybridization to 

coalesce and continue on an evolutionary trajectory as a single branch.   

A case of reticulate evolution in the organic world is furnished by weeds in the genus 

Tragopogon.  Two new Tragopogon species were discovered in southeastern Washington and 

southwestern Idaho states, where three established species of Tragopogon were already known to 

grow.  The new species, T. mirus and T. miscellus, were not simply hybrids, although they were 

the result of hybridization.  They had distinctive morphological features from their parent 

species, they reproduced under natural conditions – whereas hybrids between Tragopogon were 

largely infertile – and they did not have gene exchange with the parent species, i.e., they were 

reproductively isolated.  In this case, allopolyploidy made the adjustment that established the two 

hybrids as new species.  After the initial hybridization from diploid parents – for T. mirus, 
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between T. dubius and T. porrifolius; for T. miscellus, between T. dubius and T. pratensis – both 

hybrids underwent chromosome doubling, resulting in tetraploid organisms which constituted 

distinct species (Ownbey 1950), with their own evolutionary fates. 

Gene transfer, by contrast, occurs typically in prokaryotes, and involves “naked” 

segments the DNA of one organism entering a second from the environment, and being 

integrated into the receiving organism’s genome.  The new genes need not be from the receiving 

organism’s species.  During this process, the receiving organism can lose some of its “resident” 

genes.  If the new genes are taken up and expressed, the bacterium can acquire new traits, which 

themselves can become new species-specific traits, such as antibiotic resistance.  And it is 

arguable that the result is a new species (Ochman et al., 2000). 

The question is whether there are conceptual analogs to these forms of organic evolution.  

If there are not, then my insistence that we expand the repertoire of evolutionary analogs, to 

accommodate both a sort of essentialism and a recognition that conceptual systems evolve, is 

probably in trouble.  The answer, however, is yes, such conceptual analogs exist.  To illustrate a 

case of reticulate conceptual evolution – which could arguably also be conceived as a case of 

horizontal evolution – I will examine the conceptual development of Neo-Lamarckism in the 

United States during the late 19th century.  In particular, I will show how elements of the system 

of nature of Louis Agassiz were combined by Alpheus Hyatt and Alpheus S. Packard Jr. – both 

of whom where his students – and Edward Drinker Cope with elements of Darwinism imported 

from England to create what its proponents declared it to be:  a new, distinct, and non-Darwinian 

research program into evolution. 

The Swiss-born Agassiz, who adopted the United States as his home country, was 

enamored of the organisms and geology he found in America.  Pfeifer notes, correctly, that 
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Americans were just as enamored of Agassiz.  Agassiz’s reputation “promised the world a true 

science based upon American specimens” (Pfeifer 1974, 175).13  Agassiz, who opposed all 

transmutationist theories and would become a fervent opponent of Darwinism, symbolized the 

possibility of strong science from a nation not yet 100 years old, distinct from the predominant 

science of the day, which came from the Old World.  This was a world against which Americans 

sought to distinguish themselves.  This surely added to the receptiveness of Agassiz’s students to 

his ideas.  Yet rather than delve deeply into the sociological or psychological causes behind the 

acceptance of Agassiz’s ideas and their subsequent synthesis with Darwinian ideas, I will in this 

chapter focus, as Hull’s type-specimen method would direct, on conceptual links and conceptual 

influences (even if it is true that one cannot cleanly separate the conceptual, sociological, and 

psychological).   

 

2.  Agassiz 

Darwin was influenced by Paley’s natural theology, so in considering the history of an 

American evolutionary program that was influenced by Darwin, it is in a way only fitting that the 

American school itself should have been influenced by Paley as well, although well before 

Darwin’s Origin arrived in the New World.  Pfeifer notes that Paley’s views had become “deeply 

rooted in American Protestantism” by the time Darwinism came to the United States in the 1860s 

(Pfeifer 1974, 170).  Pfeifer offers this by way of explaining why Chambers’ Vestiges of the 

Natural History of Creation came under “bitter attack” in the United States, as it had in England.  

But Paley’s influence is important for another reason:  Louis Agassiz espoused a view of nature 
                                                 
13 There is much more than can be developed here on Agassiz’s efforts, along with American scientists such as 
James Dwight Dana and Benjamin Gould, to professionalize American science and promote science education; 
improve the nation’s collection of specimens through the creation of the Museum of Comparative Zoology at 
Harvard; his enthusiastic reception by the literate and high societies of America in general and Boston in particular 
(including transcendentalists such as Ralph Waldo Emerson and Henry David Thoreau); and his success in raising 
subscriptions to pay for publication of his “Essay on Classification,” in Chapters 5 and 6 of (Lurie 1960). 

 106



 

that was squarely in the natural theology tradition.  Reviewing the curricula of grammar schools, 

the most prominent U.S. universities of the 19th century, and examining the publication and 

republication records of the era, Glick argues that Paley’s works, including Natural Theology, 

were “probably the most popular and widely used textbooks in America in the first half of the 

nineteenth century” (Glick 1954, 347).14  More important for the issue at hand, they were among 

the works with which Harvard undergraduates of the period would have become familiar (Glick 

1954, 349).  Two of the leading members of the Neo-Lamarckian school – Hyatt and Packard – 

were educated at Harvard under Agassiz. 

Paley was not, of course, the originator of the natural theology tradition in Christianity or 

even Protestantism, but he was one of its most accessible proponents, and arguably the proponent 

who had the greatest influence in the Anglo-American world during the 19th century.  Paley’s 

Natural Theology contains his well-known “watch on the heath” argument for the existence of 

God.  Paley argues that if we found a watch lying on a heath, the features of the watch, including 

its complexity and organization, and the subservience of its parts to a purpose, would – in 

contrast to a stone on the heath – convince us that the existence of the watch is due to an 

intelligent watchmaker.  Analogously, the complexity and organization of organisms, the 

subservience of their parts to a purpose – in particular, their “contrivances,” the adaptations that 

so impressed Darwin and his contemporary naturalists – imply an intelligent organism-maker 

(Paley [1802] 2006).    Not only are the internal and external organization and parts of individual 

organisms suited to the roles they are meant to play in nature, but whole groups of organisms are 

suited to the general environments in which they are found, such as land, or water; the wings of 

birds are suited to the air, and the fins of fish to water, which speaks of benevolent design (Paley 

                                                 
14 Glick’s study is, admittedly, dated.  However, I have been unable to find any sources citing this paper that take 
issue with it.  This seems to suggest either that historians have concluded that Glick is correct, or that this particular 
question has drawn so little interest among historians that no one has developed a contrary position.   
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[1802] 2006, 155-157).  Further, Paley argued, the fact that organisms are divided into discrete 

kingdoms – animals and vegetables – and are subdivided within those kingdoms into genera and 

species, reveals not “an arbitrary act of the mind” but a plan (Paley [1802] 2006, 39).  American 

scientists such as Hyatt and Packard would have been conditioned by such arguments around the 

time they encountered Agassiz. 

A consistent theme in Agassiz’s writings, from his multi-volume work on fossil fish in 

1843 to his final criticism of Darwinism published posthumously in 1874, is his idealistic view 

of nature – that the facts of nature point to an intelligent plan of creation conceived and executed 

by a divine mind.  I have found nothing to suggest that Agassiz’s views on these matters changed 

appreciably over the decades; one can find Agassiz making the same arguments, citing the same 

evidence, in his later writings as in his earlier writings.  Still, as much as his writings reflect 

natural theology, Agassiz does not emphasize all aspects of natural theology equally.  

Adaptation, for example, did not hold the same importance in natural theology for Agassiz as it 

did for Paley (or Darwin).  Agassiz agreed that each “type” of organism – by which, in the 

context of adaptation, he meant species, in contrast to “fundamental types” – was adapted “to the 

fulfillment of the purposes for which it was created” (Agassiz [1850] 1970, 377).  But he 

believed that “the adaptation of means to ends” or the fit between organ and function was not the 

most effective argument one could make for the existence of God, since some organs – such as 

mammary glands in males – have no function.  Functionless organs, Agassiz believed, spoke to 

“uniformity of fundamental structure” (Agassiz [1857] 1978, 10).  These fundamental structures 

exhibited “permanence of type,” meaning they were not only distinct one from another, with no 

gradations in between types – they also did not change over geological time.  It was such 
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permanent, fundamental types, such plans of structure, which best reflected the plan residing in 

the mind of the creator.   

Agassiz believed the fundamental types were best captured by the system of classification 

of the French anatomist Georges Cuvier, under whom Agassiz had studied.  This system grouped 

animals into four branches:  radiates, molluscs, articulates, and vertebrates (Mayr 1982b).  This 

should not be confused with a Darwinian conception of branches; there was, for Agassiz as for 

Cuvier, no node at which the four branches connected.  They had always been and would always 

remain separate.  Nor were these divisions merely “devices of the human mind” (Agassiz [1857] 

1978, 8).   They were real, albeit ideal, categories – “categories of thought embodied in 

individual living forms” (Agassiz [1860] 1978, 88).  They existed in the mind of God, 

independently of the organisms in those categories, and independently of human minds.  The 

same was true of all divisions in the animal kingdom, from the species to the class (for Agassiz, 

the most inclusive category below the branch).  Because all of these divisions and categories 

were united in that they represented a unified plan in the thought of a single, divine mind, so all 

organisms “constitute an organic whole, intelligibly and methodically combined in all its parts” 

(Agassiz [1860] 1978, 92).  Nature composed a single, transcendental unity.   

As Morris has noted, Agassiz read the fossil record literally and as a strict empiricist 

(Morris 1997, 131).  He acknowledged that different species lived during different geological 

epochs, but did not see (or perhaps was predisposed to refusing to see) transitional organisms 

between taxa, and observing that representatives of the four branches of the animal kingdom 

could be found in all geological epochs, he denied that the succession of organisms over time 

represented evolution.  As material instantiations of divine forms, species were immutable, so the 

fossils represented a series of special creations, with every species confined to its own geological 
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period.  Just as there were no transitions between taxa, there were no transitions between 

geological periods, even though some species in a geological period were allied with species in 

earlier or later geological periods.  Agassiz also acknowledged that some organisms from earlier 

geological periods seemed to exhibit hints of characters which would be exhibited fully in later 

geological ages, or to combine structures which would, in more recent geological ages, be found 

divided among separate organisms.  These were “prophetic types” or “synthetic types,” which in 

foreshadowing the structure of later organisms, revealed that “the whole plan of creation had 

been maturely considered long before it was executed” (Agassiz [1857] 1978, 117).  Affinities 

between faunas in successive geological periods, of course, suggested transmutation to Darwin 

(and others), but to Agassiz this was, in the absence of clear transitional organisms, merely 

hypothesis or assumption (Agassiz [1857] 1978, 52; Agassiz 1866, 34-35; Agassiz 1874, 99).15  

Nor, he argued, was the succession of forms a progression from “lower” to “higher.”  In some 

cases, Agassiz argued, the earliest members of a class of animals could be considered higher than 

the most recent members.  The earliest fish, for example, possessed features found later only in 

reptiles (the next class of vertebrates to appear), and not at all in modern fish (Agassiz [1857] 

1978, 110).   

But in the case of vertebrates, Agassiz made an exception.  This, like his belief in the 

unity of nature, may represent the lingering influence of the Naturphilosophie espoused by 

Lorenz Oken, whose lectures Agassiz attended during his university days in the 1830s (Lurie 

1960, 50-52; Bowler 1983, 47-48).  This influence, particularly in its belief that man was the 

                                                 
15 An argument could effectively be made, I think, that Agassiz was not as strictly empirical as he proclaimed, and 
that his preconception that species were rigid, eternal, ideal classes blinded him to facts which, to someone like 
Darwin, were evidence of evolution.  Alpheus Hyatt, Agassiz’s star pupil, seems to have thought so (see below) 
(Hyatt 1897, 213).  Since all taxa were immutable, material manifestations of divine thought, then almost by 
definition no species or organism could be transitional.  Nor could varieties truly exist in nature.  Lurie notes the 
ways in which Agassiz multiplied his labors in his classifications of fish by “imposing the necessity for labored 
descriptions of ‘species’ that were in fact varieties” (Lurie 1960, 195).    
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apex and goal of nature, modified by Agassiz’s Protestantism and his own investigations of 

embryology, paleontology, and anatomy, was to indirectly affect the worldview of the Neo-

Lamarckians.  Oken held that organisms were arrayed along an ascending scale, with infusoria at 

the bottom and man at the top.  The body of man was in some sense composed of parts or 

elements of all organisms found along the ascending scale, and his psychological makeup was 

likewise an agglomeration of the essential behavioral traits or virtues of organisms along the 

scale (Oken 1847, 654-663).  Agassiz later repudiated Naturphilosophie as overly speculative, 

and possibly because, as Lurie notes, it seemed to imply a fluid creation where transmutation 

was possible – although in the “Essay on Classification,” Agassiz defended Oken’s attempt at 

developing a system of classification, while at the same time noting it was a failure (Agassiz 

[1857] 1978, 213; Lurie 1960, 83).16  However, even though Agassiz claimed that there was no 

progression from lower to higher forms in any single vertebrate class, viewed as a whole the 

vertebrate branch displayed “an evident tendency towards the production of higher and higher 

types, until at last, Man crowns the whole series.”  The succession from fish to reptiles to 

mammals revealed “successive manifestations of a thought … tending to the same end, onwards 

to the coming of Man,” whose “advent” one could find “prophesied” in the first group of fish 

(Agassiz [1857] 1978, 111). 

Moreover, embryology reflected the division of the animal kingdom into its four 

branches – each branch having a distinct embryological sequence – as well as the unfolding of a 

divine plan, as each organism “grows up according to a pattern and a mode of development 

common to its type” (Agassiz 1874, 93).  This was the only sort of evolution there was, provided 

                                                 
16 Agassiz may also have objected to Oken’s Hegelian view of nature – where nature and man were different aspects 
of the same reality, with man as “universal sprit” and nature contemplating itself – as inconsistent with his Protestant 
faith, since it conflates the distinction between man and God.  There is another vestige of Oken, however, in 
Agassiz’s belief that, in discovering the real divisions of the animal kingdom, human intellects were “translating” 
the thoughts of God and reaching an “affinity with the Divine Mind.”  See Oken 1847, 662; Agassiz [1857] 1978, 8. 
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one restricted the term to its original meaning, prevalent in the 19th century, as (in general) a 

process of developmental unfolding of a single embryo (Bowler 1975; Burian 2000).  It was also 

the only sort of continuity or change in the animal kingdom, but it was a continuity or process of 

change that had a goal and which was headed toward and would result in a transcendental and 

material permanence (Lurie 1960, 285).  As was common among 19th century naturalists, 

Agassiz also believed in a form of recapitulation, that in their earliest embryonic stages, present-

day organisms resemble adult organisms of the same type from earlier geological ages, and that 

the stages of development resemble, but did not completely repeat, the succession of adult forms 

of that same type over geological time.  This, too, Agassiz argued, revealed the work of a divine 

mind.  But for Agassiz, ontogeny did not recapitulate phylogeny, at least as “phylogeny” is 

understood in contemporary evolutionary theory.  Agassiz held that there were no genealogical 

phylogenies.  Rather, ontogeny recapitulated, to a degree, phylogeny understood as the sequence 

of separate creations within a particular branch of the animal kingdom (Agassiz [1857] 1978, 

112-118).   

The geological record also clearly showed that at times in the past, entire faunas had been 

extinguished.  Each was then replaced by a new (created) fauna.  Aside from showing that no 

species extended from one geological period to another – that is, there was no transmutation – 

this evidence demonstrated (Agassiz argued) that species and “all other groups of animals and 

plants” have a “definite range of duration,”  just as individual organisms do.  And just as the 

lifespan of particular organisms was divinely ordained, with lifespans apportioned appropriately 

to different types of organisms, the simultaneous disappearance of entire fauna was evidence of 

divine action and divine imposition of limits on duration, not merely of physical forces at work 

(Agassiz [1857] 1978, 88-19; 104-106). 
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Embryology was also, for Agassiz, an undeveloped resource for classification, one that 

merited far greater attention, perhaps even central attention.  It constituted “the most trustworthy 

standard to determine the relative rank among animals” – it showed, for example, that toads were 

higher than frogs, since primitive characters disappeared during the ontogeny of toads but 

remained throughout the ontogeny of frogs.  It also constituted “the best measure of the true 

affinities existing between animals” – it had shown, Agassiz claimed, that barnacles were 

members of the articulate branch rather than the mollusk branch – and “afforded a further test for 

homologies in contradistinction of analogies,” where “homology” and “analogy” had their pre-

Darwinian sense as organs with similar structure, and organs with similar function, respectively  

(Agassiz [1857] 1978, 84-86).  Together with Paleyian natural theology, and mixed with 

elements of Darwin’s evolutionism, these components of Agassiz’s conceptual system would 

profoundly affect the founders of Neo-Lamarckism. 

 

3.  Skepticism and Opposition to Natural Selection 

Even though Agassiz denied evolution, the evidence he repeatedly used in his arguments 

for the existence of a creator and a divine plan were pregnant with evolutionary implications.  

Hyatt reported that he became an evolutionist within a year of becoming Agassiz’s student.  

Many years later, he marveled how Agassiz “could have held his mind closed to the conclusions 

that animals were evolved from simpler or more primitive forms” (Hyatt 1897, 213).  “The effect 

of theoretical preconceptions in closing the mind to the reception of new ideas,” he wrote, “never 

had a stronger illustration” (Hyatt 1897, 213).  Agassiz had been fighting transmutationist views 

all his professional life, and continued to do so when Darwinism came to America in 1860, but 

by the early 1870s he was clearly fighting a rearguard, losing battle (Lurie 1960).  In 1866, his 

own student, Hyatt, gave an evolutionary (although not strictly Darwinian) account of fossil 
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ammonoids which he had been studying at the Museum of Comparative Zoology, which Agassiz 

had founded (Hyatt 1866).   In 1872, a year before Agassiz’s death, Asa Gray, Darwin’s 

longtime ally in the United States and Agassiz’s longtime antagonist, announced what amounted 

to the triumph of Darwinism in his valedictory address as outgoing president of the American 

Association for the Advancement of Science. 

Based upon their affinities with trees in the Eastern United States and China, as well as 

with fossil plants from the arctic and sub-arctic, the California Sequoias, Gray declared, were 

“the direct or collateral descendants” of ancient species that had existed during the Tertiary 

period (Gray 1873, 16).  In the more temperate Pliocene, the ancestors of the Sequoias had 

thrived near the arctic, but when temperatures cooled and glaciers advanced, the plants migrated 

southward, finally reaching the Pacific coast.  When the glaciers retreated, the Sequoias 

remained (Gray 1873, 14).  In an application of Darwinian reasoning regarding biogeography, 

Gray explained not only how the distinctive Sequoias had arisen in California, but why trees 

spread over “wide intervals of space” and “the much vaster interval of time” were so alike (Gray 

1873). 

That Gray was advocating evolutionary views was not in itself noteworthy.  But his 

address made him the first president of a national science association to declare a belief in 

evolution (Pfeifer 1974, 194).  Furthermore, for Gray the triumph of evolution was clear.  

Evolutionary views, he declared, were “still repugnant to some, and not long since to many,” but 

they had become so indispensable that “hardly a discourse can be pronounced or an investigation 

prosecuted without reference to them” (Gray 1873, 20).  Findings such as his regarding the 

Sequoia meant that “we must needs abandon the notion of any primordial and absolute 

adaptation of plants and animals to their habitats,” as well as abandon the belief that “the 
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harmony of Nature and its admirable perfection” was “inflexible and changeless” (Gray 1873, 4).  

These were repudiations of Agassiz, who had argued that, throughout the geological ages as well 

as in the present, God had specially created and assigned plants and animals to specific, confined 

geographic zones which they never left, and which other organisms never entered, and to which 

God had perfectly and permanently adapted them – all of which was evidence of a divine plan 

(Agassiz 1850).  Nature was not static; nor, Gray said, was it like the ocean, “which varies only 

by tidal oscillations from a fixed level to which it is always returning.” It was like a vast river 

“whose onward flow is not less actual because too slow to be observed by the ephemerae which 

hover over its surface” (Gray 1873, 20).  This reconceptualization of nature did not, however, 

mean faith in God and divine providence should be abandoned:  “the religious faith which 

survived without a shock the notion of the fixity of the earth itself may equally outlast the notion 

of the absolute fixity of the species which inhabit it” (Gray 1873, 20). 

But Gray himself had conceded in 1860 at a meeting of the American Academy of Arts 

and Sciences that natural selection, while it clearly operated in nature, was not adequate to 

accomplish much of what Darwin claimed it had accomplished (Anonymous 1860).   This was a 

common refrain among naturalists in the second half of the 19th century, and it is because of the 

increasing skepticism about, and search for alternatives to, natural selection that the period in 

which Neo-Lamarckism appeared has been termed “the eclipse of Darwinism.”  Those converted 

to evolution by the Origin nevertheless remained skeptical of natural selection, as it had been put 

forward by Darwin, to produce, among other things, new organs, new species, and higher 

taxonomic groups.  We saw in the previous chapter that the dispute between Bateson and the 

biometricians involved Bateson’s skepticism regarding natural selection.  Others maintained that 

natural selection could not be the primary driver of evolution simply because the slow rate 

 115



 

Darwin attributed to it seemed to conflict with the evidence.  Famously, in 1868 Lord Kelvin had 

calculated the approximate age of the earth based upon its rate of cooling and determined that it 

was probably 98 million years old, substantially younger than the hundreds of millions of years 

required for the slow process of natural selection to have produced the succession and diversity 

of organic forms (Ruse 1979, 223).  A contrasting criticism was offered by Packard.  While fully 

an evolutionist, he contended that in many cases, such as the evolution of the Branchiopods, the 

fossil record showed more rapid evolution that natural selection could achieve (Packard 1870, 

255; Packard 1885, lii-liv). 

Bowler points out that, for many scientists, there were unacceptable religious or 

philosophical implications to natural selection’s being the driving force of evolution.  For those 

who desired evolution to be progressive, the trial-and-error process of natural selection implied a 

world that was unpredictable, rather than a world that inherently and always moved toward 

improvement (Bowler 2005, 27).  Moreover, Darwin’s view of evolution was of a blind process 

which seemed to reduce organisms to automatons that were buffeted about by external forces 

over which they had no control, struggling against one another in a world that truly was “red in 

tooth and claw.”  Aside from scientific concerns about the rate or power of natural selection, 

many naturalists – including, importantly, the men who would become the Neo-Lamarckians – 

sought an evolutionary mechanism that was “morally acceptable,” one which allowed organisms 

to be “active, purposeful entities choosing their response to the environment and thus directing 

their own evolution” (Bowler 1983, 16).  

 

4.  Neo-Lamarckism:  Cope, Hyatt, and Packard 

Much of what the Neo-Lamarckians believed strikes contemporary readers as 

unsupported and even wild speculation.  It struck naturalists of the day the same way.  Darwin, 
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for example, privately thought Hyatt’s views were “fanciful,” and in correspondence with Hyatt 

stated that “I cannot avoid the conviction that no innate tendency to progressive development 

exists, as is now held by so many able naturalists, and perhaps by yourself” (Darwin [1903] 

1872, 339; 344).  Bowler has termed the orthogenetic patterns which the Neo-Lamarckians 

believed they had discerned “creatures of the imagination,” extrapolations from insufficient 

evidence, resulting from the placing of meager fossil evidence into patterns that seemed 

meaningful, or from projections of their own preconceptions into the fossil record (Bowler 1983, 

149).  A contemporary of Hyatt lamented that many zoologists held similar views:  that Hyatt 

was a “dreamer” whose theories “were based upon erroneous or meager observations” (Mayer 

1911, 137).  As far as I am aware, the characteristic theories which the Neo-Lamarckian school 

employed to explain, for example, paleontological data have been discredited (although some of 

the paleontological work itself was foundational [Bowler 1983]).  In what follows, I set forth 

what the Neo-Lamarckians believed, without attempting to assess whether those beliefs were 

true or justified. 

The term “Neo-Lamarckism” did not come into play until 1885, when Packard coined it 

in his introduction to The Standard Natural History (Packard 1885, lii).  But its outlines began to 

emerge in the 1860s in publications by Hyatt and Cope.   

In 1868, Cope proposed a solution to a problem he felt Darwin had not properly 

addressed – not the origin of species, but the origin of genera.  Species characters, Cope argued, 

were more or less adaptive and could be attributed to natural selection.  But generic characters – 

fundamental structural features which distinguished plants and animals as members of a genus, 

or higher taxonomic order – were seldom adaptive, and thus could not be attributed to “a process 

regulated by adaptation.”  Therefore, there had to be another “law of means and modes of 
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development [i.e., evolution]” than the “law of natural selection.”  This was the “law of 

acceleration and retardation” (Cope 1868, 42-43). 

Acceleration also explained what Cope called the “exact parallelism” and “inexact 

parallelism” between the embryological development of members of one genus and the adult 

forms of related, but lower, genera.  In Batrachia, an order of frogs and toads with which Cope 

began his anatomical and paleontological studies, the genus Trachycephalus exhibited exact 

parallelism with the Batrachian genera Hylella, Hyla, Scytopis, and Osteocephalus, because each 

stage in the ontogeny of members of Trachycephalus was exactly parallel to the mature stages of 

each of the other genera, sequentially, and each of these parallel genera was higher in the 

Batrachian hierarchy than the preceding genus (Cope 1868, 47).  In other words, certain higher 

genera were “accelerated” because they recapitulated in development the adult forms in a related, 

upwardly progressive series.  Inexact parallelism resulted if ever members of a higher genus 

exactly parallel to some other, lower genera at some point did not exhibit acceleration in all 

characters equally, or failed to exhibit acceleration in some character at all.  The genera would 

then be parallel in some but not all characters and hence “inexact” (Cope 1868, 92-94).  

Acceleration in individual ontogeny was itself paralleled in evolution.  New adult stages 

in individual development were “crowded back” into the ontogeny of members of the evolving 

line, or species, prior to reproduction, so that reproduction occurred later and later in the history 

of the species.  Developmental stages could be rapid (which Cope called “metamorphosis”) or 

long-lasting and fairly stable with little progress (which Cope called “transitional”) (Cope 1868, 

78).  Eventually, development reaches a metamorphic stage, which constitutes the emergence of 

a “new generic type” (Cope 1868, 79).  When a metamorphic stage is crowded back, the species 

reaches an “expression-point,” and jumps to “a new genus of a higher grade” (Cope 1868, 79).  
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The movement from expression-point to expression-point was like the more-or-less sudden 

phase transitions in water as it goes from vapor to liquid to solid as temperature drops (Cope 

1868, 79).  Retardation in a series was also possible, if successive members of a species lost 

(failed to exhibit) the adult form of a parallel genus prior to reproduction.  The series would then 

evolve by going backward through the hierarchy of genera (more detailed discussion of 

retardation appears in subsequent writings, see Cope 1870; Cope 1871).   

For Darwin, a genus was a group of species related by descent; each species in the genus 

could be traced back to a single, common, originating species, as in Darwin’s famous diagram of 

branching lineages in the Origin.  Families were composed of genera which also shared a 

common ancestor.  In contrast, for Cope genera were not the product of branching evolution.  

Rather, genera were ideal, hierarchical classes marking stages of development of a species.  So 

not only was there a “developmental succession of genera” which had progressed at different 

rates over geological time, but Cope also considered it probable that “transformation of types, 

generic or higher” had taken place more or less “simultaneously throughout a great number of 

species” (Cope 1868, 94).  And because the law of acceleration governed the origin of generic 

characters, while natural selection governed the origin of specific characters, change in the two 

could become separated.  In a Darwinian pattern, generic characters would emerge through 

change in specific characters, as natural selection drove lineages farther and farther apart; the 

two were part and parcel of the same process.  For Cope, change in generic characters sometimes 

happened more rapidly than change in specific characters.  A species would jump to a new genus 

(developmental stage), taking on a new generic character (something more fundamental than a 

specific difference, such as a new structure or organ) and then the specific characters would 

emerge as the members of the genus specialized.   
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It is unclear what, exactly, Cope believed – in 1868 – had occurred to produce the 

diversity of organic forms – for example, the various classes of vertebrates.  He accepted 

Agassiz’s and Cuvier’s view that the animal kingdom was divided into four completely separate 

branches, and like Agassiz he denied that the embryos of any of the branches ever exactly 

paralleled forms outside their branch (Cope 1868, 74-75).  Thus there had been no evolution of 

vertebrates from other branches, nor did the four branches share a common ancestor.  The plant 

and animal kingdoms and the classes within them had been conceived and established by God, 

“according to a plan of his own, according to his pleasure” (Cope 1868, 78), and as for Agassiz 

they were real entities, such that evolution from species to species or genus to genus was an 

abrupt, rapid process.   

However, Cope believed that “a descent, with modifications, has progressed from the 

beginning of the creation” (Cope 1868, 42), although God had ordained the direction toward an 

“ultimate type” that each evolving series would take (Cope 1868, 107).  Higher taxonomic 

groups than genera, he claimed, “were preceded in time by groups which are synthetic or 

comprehensive, combining the common characters of modern generic series,” so that if one 

could take “a backward view through time,” one would see specialized members of a group 

“synthesized” back into some common form within their branch (Cope 1868, 77).  This seems to 

imply that mammals, for example, could be traced back to some primordial vertebrate.  Yet Cope 

knew such facts as that reptiles had preceded mammals, so it is unclear whether he believed that 

the backward view would show the hierarchy of mammalian genera diverging at some point 

from the reptilian hierarchy, or whether they were traceable through completely separate 

hierarchies back to the original vertebrate form, where the original and only divergence would 
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have taken place.  Or perhaps they were descended from different representatives of this original 

vertebrate order, so no divergence had ever happened.   

At any rate, except in its allegiance to evolution as actual descent, Cope’s picture is 

distinctly non-Darwinian.  Whatever he believed at this stage about branching patterns in 

evolution, they were not Darwinian patterns.  He appears to have later modified his views on the 

relation of species within genera.  In 1868, species belonged in the same genus simply because 

they were going through the same stage of development.  A species could be in one genus at one 

time in its development, and in another genus with a different set of species at another (Cope 

1868, 83).  Membership in a genus was not a sign of common descent.  It was not a classification 

reflecting lineage, but rather was a mere phenetic or organizational classification – although the 

genus was a real group that represented an ideal developmental stage.  By 1870, Cope claimed 

that the relations of exact and inexact parallelism between genera are evidence of common 

descent (Cope 1870, 140).  In 1879, Cope stated that embryological studies by Ernst Haeckel had 

convinced him that there was “community of origin” among the “five or six primary divisions” – 

no longer simply the four branches – of the animal kingdom (Cope 1879, 218).  Moreover, 

during the 1870s, the causes of acceleration and the “successive advances” from lower to higher 

forms shift.  Originally, the advance is attributable to divine fiat, and there is no explanation for 

acceleration.  Next, the action of a “growth force” or a species’ “vigor” explains acceleration.  

The direction of advance is attributed to “the expenditure of some force fore-arranged for that 

end” (Cope 1870, 142-146).  Finally, in 1871, both are attributed to an explicitly Lamarckian 

mechanism.  As Bowler notes, in this aspect of his theorizing – the replacement of a natural for a 

supernatural explanation – it seems that Cope had realized that “it had become impossible to 

ignore the standards established by Darwinism” (Bowler 1977, 264).  It may also be the case that 
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he recognized that, while he could retain the progressive aspects of his evolutionary thought, a 

more Darwinian view of the pattern of descent was called for. 

The question which Cope addressed in 1871 was the addition of parts that were different 

in structure.  “Growth force,” or “bathmism,” was a vital yet fully natural force, similar to the 

forces of motion, chemistry, and electricity, that is converted by protoplasm from external 

physical influences like heat and nutrition and is then present in potential in protoplasm (Cope 

1871, 243).  Growth force is the cause of phenomena such as cell division (and what Cope 

considered an analogous process, segment repetition, e.g., repetition of vertebrae) (Cope 1871, 

244).  But repetitive addition – uninfluenced growth force – only produces a structure identical to 

itself.  Cope had discerned that in an accelerated series, additions become less like those of the 

parts in the predecessor organism; the structures become more specialized.  The first influence 

was use.  Just as using a muscle increased its size, or the hands of a laborer became larger, use of 

a part “determines the locality of new repetitions of parts already existing, and determines an 

increase of growth force at the same time” (Cope 1871, 246).  Yet this would only account for 

increase or repetition of a part the organism already had.  By the “motive force of the animal,” 

that is, by its “willing” or from its effort or “application to a purpose,” growth force could be 

concentrated in an area where an organ did not exist (Cope 1871, 247).  Cope later called this 

process “kinetogenesis” (Cope [1896] 1974).  Kinetogenesis was responsible for organs such as 

the rattles on rattlesnakes, formed as a result of the “constant habit of violent vibration” affecting 

a “horny cap” on the last vertebra of an ancestor (Cope 1871, 248).  Kinetogenesis also explained 

one of Darwin’s pieces of evidence for descent, rudimentary organs:  they were either organs 

being newly formed (in an accelerated series) or organs that were degrading away (in a retarded 

series) (Cope 1871, 249).  Cope later contrasted kinetogenesis with “physiogenesis,” which was 
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the modification of organisms through direct yet passive contact with the environment.  Cope’s 

examples included plants in desert environments growing spines, and molluscs developing larger 

shells in larger bodies of water (Cope 1896, 227).   

Kinetogenesis and physiogenesis – an inheritance of acquired characters – explained 

acceleration (a term which gradually disappeared from Cope’s work) because these acquired and 

heritable additions would be crowded back into the developmental process.   Acceleration, Cope 

now claimed, was also an increase in the capacity to locate and convert physical forces into 

growth force.  This was “grade influence” – the higher the “grade” of the organic type, the 

greater its influence over the location of growth force (Cope 1871, 253).  Thus, the more a type 

accelerated, the farther it could accelerate; the more advanced it became, the more advanced it 

could become.  Moreover, Cope argued in still later work, because animal movement is 

determined by consciousness – which he held was a fundamental property of living organic 

matter – and animal movement had played a major role in evolution through kinetogenesis, 

consciousness played a fundamental and ineliminable role in evolution.  He termed this doctrine 

“archaesthetism” (Cope 1882).   

In one his first scientific papers, Hyatt in 1866 had also argued for a process of 

acceleration, which he called “tachygenesis,” to explain why the ammonoids – an extinct group 

of cephalopods – had experienced a “collective life” which paralleled the individual life of each 

organism (Hyatt 1866, 193).  Hyatt’s overall view on the pattern of  branching evolution was 

more-or-less Darwinian, but his views on what happened to each branch was not.  By examining 

fossil shells, which preserved each stage in the ontogeny of the individual, Hyatt determined that 

individual ammonoids began life with a cone-like shell, which became progressively coiled into 

adulthood.  In later life, the shell degraded until it was cone-like again.  This was paralleled, he 
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claimed, by the experience of the entire order.  The first members had straight, conical shells.  

Coiled shells appeared progressively over geological time.  But by the time the order became 

extinct, the order had reverted to conical shells (Hyatt 1866, 198).  Similarly, the nautiloids had, 

as an order, begun with smooth shells, progressed to highly ornamented shells during the “adult” 

phase of the order, then reverted to smooth shells shortly before going extinct.  This paralleled 

the development of individual nautiloids on the path from birth to adulthood to senility and 

death; indeed, the features of the later ammonoids and nautiloids were “senile” (Hyatt 1866, 

205).   

Although Hyatt claimed only that there were “correlations” between the “vitality” of a 

single life and the life of the order, he offered acceleration as a possible explanation.  This 

involved essentially the same process of recapitulation of adult phases of earlier forms, and the 

“concentration” of added adult characters into the ontogeny of the next generation.  What 

seemed like the reverse also happened:  if the order began to “alter the shell in old age,” these 

senile or “degradational characteristics” would also be concentrated back into embryonic 

development in succeeding forms, starting the entire order on a downward slope to extinction 

(Hyatt 1866, 203).  This was the first exposition of Hyatt’s theory of “racial senility,” or “old age 

theory.”  The difference between Hyatt’s theory of racial senility, and Cope’s theory regarding 

retardation and degradation, was that for Hyatt racial senescence was not the reversal of a 

process.  Types did not degenerate because they had lost an advanced embryonic stage.  The 

period of racial decline was a further stage in development, prompted by the addition of senile 

characters.  In Darwinian patterns of evolution, each lineage has an independent and contingent 

evolutionary fate.  Hyatt believed each lineage united within an order evolved more or less in 

parallel, although not necessarily in lockstep, sharing a common and inevitable evolutionary fate. 
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Hyatt also eventually adopted Lamarckism – in the form of the inheritance of acquired 

characters – to explain the progress of  the cephalopods.  He speculated that when animals were 

forced to migrate from their point of origin, they had to “make perpetual efforts to readjust their 

inherited structures to the new requirements” (Hyatt 1884, 145).  These requirements would act 

as “stimulants to new efforts for the attainment of more perfect adaptation and for changes of 

structure useful to that end” (Hyatt 1884, 145).  This would be an example of Cope’s 

kinetogenesis.  To account for the senescence of the entire order of ammonoids during the 

Cretaceous, Hyatt invoked Cope’s physiogenesis:  it appeared that “some general physical cause 

acted simultaneously, or nearly so, over the whole of the known area of the world” which 

produced “precisely the same effects upon the whole type,” causing them to develop – and press 

into the ontogeny of descendants – “pathological” shell forms (Hyatt 1884, 147).  But he also 

argued that “there is a limit to the progressive complications which may take place in any type, 

beyond which it can only proceed by reversing the process, and retrograding” (Hyatt 1884, 148).   

This pessimism regarding orthogenesis – “linear evolution” in which some internal 

tendency  predisposed organisms to vary in a particular direction, and hence evolve in that 

direction, as if according to a predetermined program – was a contrast to Cope.  Even though 

Cope acknowledged that a type could lose its “growth force” and begin to steadily degenerate, 

evolution in general was progressive, moving toward ever greater improvement.  In what is 

surely one of the most famous alleged examples of “progressive” evolution, the horse sequence, 

Cope argued that the evolution from five toes to three toes to one toe, and an increase in size, 

represented “the perfection of the horse line” (Cope 1896, 149).  This was an adaptive trend, 

generated by kinetogenesis and physiogenesis – in contrast to the trends Cope was originally 

interested in, the non-adaptive trends that produced generic characters.  But for Hyatt, the most 
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significant trends were non-adaptive; and because they were non-adaptive, they were, the Neo-

Lamarckians believed, inexplicable by Darwinism.  Indeed, Hyatt believed that every type – 

including, by extension, man – inevitably entered a period of senility.  Changes in an individual 

of the “gerontic stage” – the final period of life – were, Hyatt claimed, “prophetic of what is to 

come in the decline of the type” (Hyatt 1897, 221). 

Packard, the third major founder of Neo-Lamarckism,  an entomologist and, equally 

famously, a zoologist of cave fauna, was, as a field naturalist, probably more interested in 

adaptive trends than Hyatt or Cope.  In his early work on the evolution of the horseshoe crab, 

Limulus polyphemus, Packard focused on the same problems addressed by Cope and Hyatt:  the 

origin of characters that define taxonomic groups higher than the species, characters which he, 

too, did not believe were adaptive and therefore could not be due to natural selection.  The origin 

of the groups within the Branchiopoda, he claimed, involved “a more or less sudden formation of 

generic forms,” faster than natural selection could be expected to accomplish (Packard 1870, 

255).  Like Cope, he attributed the origin of generic characters to acceleration and retardation; 

what this showed, he believed, was that to obtain an explanation of the “laws of evolution,” 

naturalists needed to look not to natural selection, but to “the laws of ordinary growth” (Packard 

1872, 198). 

In his later work on insects and cave animals, however, Packard focused on adaptive 

trends, but these he attributed to the inheritance of acquired characters, not selection.  The 

bristles and spines of caterpillars in Lepidoptera, Packard agreed, were adaptations to protect the 

caterpillars from predation – making them inedible – but they were not the product of natural 

selection.  Rather, they were the result of altered development brought about by a change from 

living among grasses and herbs to living in trees “and consequent isolation or segregation” 
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(Packard 1890, 496)  They were preserved by selection due to their usefulness, but only the 

inheritance of acquired characters could explain their origin.  The Darwinian explanation, 

Packard claimed, was that spines and hairs were danger signals originally produced by “the 

stimulus arising from the attacks of parasitic insects,” and which mimicked the hairs on other 

caterpillars (Packard 1890, 498).  But if the hairs and spines on caterpillars that had changed 

their environment from low-lying grasses to trees owed their origin, rather than their 

preservation, to natural selection, why, Packard asked, didn’t caterpillars that still lived in low-

lying plants and which were preyed upon by insects also develop hairs and spines?17   

Subterranean fauna are, Packard maintained, descended from similar organisms that used 

to live on the surface.  The loss of eyes and eyesight in cave animals, and in fish living in total or 

near-total darkness,  was due to degeneration from disuse, and passed on through the inheritance 

of acquired characters.  The selective explanation proposed by August Weismann – that 

blindness was due to an absence of the “conserving and preserving power” of natural selection, 

or “panmixia” – was “an extremely vague, unscientific and a priori speculation” (Packard 1894b, 

744).  Some of Packard’s antipathy to Weismann might have been due to Weismann’s vehement 

denial that acquired characters could be inherited.  His antipathy in general to a selective 

explanation is likely not.  Packard noted that Darwin himself believed that blindness in cave 

animals was due to disuse and degeneration.  Even so, Packard’s investigations showed that 

natural selection and panmixia were frequently “inoperative … as true working causes,” and that 

that Neo-Lamarckian explanations of evolution were more “fundamental” (1894b, 748). 

                                                 
17 This may have reflected a confusion on Packard’s part.  Packard seems to have thought that Darwin believed 
natural selection explained the origin of variation, or was the cause of variation.  He later wrote that “when one is 
overmastered by the dogma of natural selection he is apt, perhaps unconsciously, to give up all effort to work out the 
factors of evolution, or to seek to work out this or that cause of variation” (Packard 1894a, 369).  But Darwin was 
clear that the causes of variation were, at the time he wrote, unknown – one reason why Bateson pursued this line of 
research. 
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5.  Reticulate Conceptual Evolution 

We can see the influence of both Agassiz and Darwin in Cope, Hyatt, and Packard.  As 

Bowler notes, American naturalists were brought up both in the utilitarian tradition of design – 

the “wonderful adaptation of each organism’s structure to the functions it must perform” – and 

the idealist tradition – the “overall pattern of nature displayed by the relationships between 

different forms” (Bowler 1985, 645).  We see both in the Neo-Lamarckians.  Early on, 

adaptation played a lesser role in Neo-Lamarckism, with Cope and Hyatt focusing on non-

adaptive trends in evolving lineages – formal patterns of evolution that could not, they believe, 

be accounted for by adaptation and selection.  Cope in particular, however, came to see that 

adaptive characters “are even more numerous than the non-adaptive” (Cope [1887a] 1974, vii) 

and importantly in need of explanation (with a modified Lamarckism supplanting natural 

selection as the mechanism of adaptation).  While Cope was not one of Agassiz’s students, we 

see something like this aspect of Agassiz’s idealism in Cope’s belief that species and genera are 

distinct, rigid classes (which means that evolution must proceed by jumps).     

The Neo-Lamarckians’ developmental view of evolution – that evolutionary lineages 

developed parallel to the ways in which individual organisms did, and, particularly in “racial 

senility,” along something like a predetermined, programmed path – reflects Agassiz’s emphasis 

on embryology, as well as his transcendentalism.  Recapitulation was also built into the “law of 

acceleration” separately developed by Cope and Hyatt.  As noted, recapitulation was a common 

belief among 19th century naturalists, and did not begin with Agassiz.  But Agassiz was probably 

its best-known proponent among American naturalists of the period.  His student Joseph Le 

Conte mistakenly attributed discovery of the “biogenetic law” of recapitulation to Agassiz (Lurie 

1960, 286), and Hyatt also referred to it as “Agassiz’s law of embryological recapitulation” 
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(Hyatt 1897, 216).  Agassiz’s belief that groups of organisms had life spans just as individuals do 

appears in Hyatt’s theory of racial senility.  In fact, Pfeifer reports – and a report by a colleague 

of Hyatt’s corroborates – that Agassiz “once remarked that the contorted shells of fossil 

ammonites conveyed the impression of a death struggle” (Pfeifer 1965, 157).  Writing after 

Hyatt’s death, the American zoologist Edward S. Morse – a classmate of Hyatt at Harvard – 

stated that he had always believed that Hyatt’s racial senility theory and theory of acceleration 

“received the first impulse” from the “graphic lecture” during which Agassiz made the above 

remarks about the death struggle of the ammonites (Morse 1902, 417).   

Agassiz’s exposure to, and advocacy of vestiges of, Naturphilosophie is also apparent in 

Neo-Lamarckism.  So is his conviction that nature is evidence of – and in fact the working out of 

– a divine plan.  Bowler claims that the Neo-Lamarckians did not believe that evolution had an 

overall goal (Bowler 1983, 122), but this is arguably not true.  Like many naturalists of the time, 

the Neo-Lamarckians viewed evolution as progressive, an upward march to perfection.  In 1868, 

Cope claimed that it was “necessary” that the divine will “impelled matter to produce numberless 

ultimate types.”  “Ultimate” can be read in several ways.  It could simply mean that the types 

which exist today are the latest stages in a great number of very long series.   It could also mean 

these types are the most advanced types there could possibly be.  Or, it could mean that these 

types are those which were the goal of the process all along.  I believe Cope meant this in a 

combination of the first and third senses.  Absent God’s will, Cope suggests, things could have 

gone otherwise.  “Some other organic type” besides man, he wrote, could have ended up as “the 

crown of the mammalian series” (Cope 1868, 42-43).  It happened as it did due to God’s will.  

Although Cope, from about 1870 on, removed divine fiat as an explanation from his scientific 

writings, he never lost his belief that evolution – particularly the evolution of man’s moral and 
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aesthetic sense – pointed to and was the product of  divine benevolence, and he never stopped 

advocating those views in non-scientific venues (Cope 1870; Cope 1877; Cope 1887b).  But 

once one invokes the will of an omniscient God, possessing perfect foresight, as the force which 

determined that man and not some other form would be the crown of the mammalian series, it is 

hard to avoid the implication that man (and the organisms co-existing with him in a harmonious 

nature) was not the goal of the entire process.  God’s will was at work, and man arrived as an 

ultimate type in perhaps all three senses.   

Packard expressed similar sentiments (Packard 1880).  The world had not “evolved 

itself.”  Instead, it was “the result of the operations of divine power and will.”  Evolution was 

progress from “the simple to the complex, from the lower to the higher, from evil to good,” and 

therefore the idea of evolution itself “implies optimism and points to the Infinite Goodness, 

whose will evolves order and system out of chaotic, unorganized matter” (Packard 1880).  Nor 

had natural theology, to which these men had almost certainly been exposed, been left behind:  

Packard prophesied the coming of “a second Paley” who “in the light of the law of evolution, 

will write a new natural theology” (Packard 1880). The Neo-Lamarckians shared a belief, as did 

Agassiz, that there was a transcendental unity, order or meaning to nature. 

Moreover, the worldview of the Neo-Lamarckians was quite different from the one on 

offer from Darwin.  Evolution for the Neo-Lamarckians was not, as it was for Darwin, an 

unpredictable process involving chance and accident, where the only improvement was 

temporary better fit to a transient and shifting environment.  For Darwin, organisms had no 

control over their fit to the environment and the direction their evolution would take.  Some 

organisms would simply be fortuitously better adapted than others; they would survive, 

reproduce, and pass those traits to their descendants.  For the Neo-Lamarckians, evolution 
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involved adaptation to a changing environment, but it was more:  a phenomenon of upward 

progress and increasing improvement, directed not simply by external forces but by the efforts 

organisms themselves.  It was a reconceiving of organisms and the world they inhabited. 

The influence of Darwin on the Neo-Lamarckians is perhaps more obvious than the 

influence of Agassiz, and perhaps just as inevitable.  As Bowler notes (Bowler 1977), the fervor 

surrounding the new evolutionism of Darwin probably made the conversion to evolution 

irresistible for these young scientists.  If Kuhn is correct, this was the very class of scientists 

most likely to accept an emerging paradigm (Kuhn 1962/1970).  In their acceptance and 

advocacy of descent with modification – whatever its patterns and causes were – and in its use in 

their explanations of biological phenomena (such as blindness in cave fauna as a result of 

descent), the Neo-Lamarckians had clearly assimilated “evolution-as-such.”  Although some of 

Cope’s concepts such as growth force and archaesthetism may strike modern readers as mystical, 

they were not obviously supernatural.  The invocation of the inheritance of acquired characters is 

a purely naturalistic explanation, so in this aspect of their thought the Neo-Lamarckians had 

assimilated Darwinism’s demand for naturalism in science.  Nor were they long able to deny the 

importance of adaptation.  There is a much greater resistance toward, and even a disparaging of, 

natural selection.  Packard, for example, denied that natural selection was a vera causa when it 

came to the origin of species, and encouraged “a critical and doubting attitude towards natural 

selection as an efficient cause” (Packard 1894a, 369-370).  But this hallmark characteristic of 

Darwinism nevertheless finds its way into Neo-Lamarckian thought, even if its role has been 

drastically reduced to shaper of mere specific differences, and eliminator of degenerated series.  

And in Cope’s emphasis on the evolution of genera, and the Neo-Lamarckian focus on whole 
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orders progressing along parallel tracks through geological time, there is a rejection of the 

Darwinian view that it is populations within a species (or species themselves) which evolve. 

There may be concern that Neo-Lamarckism did not constitute a true scientific research 

program or research tradition, and that it was not what Packard in 1876 claimed it was:  “an 

original and distinctively American school of evolutionists”  (Packard 1876).  I do not believe 

this objection can be sustained.  One concern might be that it was not truly original, because so 

many of its concepts were obtained from other conceptual systems.  On this view, Neo-

Lamarckism would be more like a conglomeration of borrowed concepts, not a true system.  But 

if this were a legitimate objection against considering a cluster of concepts as a conceptual 

system – if all of the concepts had to be original concepts, or unique to that conceptual system – 

we would have to conclude that there are almost no conceptual systems or research traditions.  

While the concept of natural selection, as set forth by Darwin in the Origin, is novel, many of the 

other concepts of Darwinism are borrowed or imported from other conceptual schemes, such as 

Paley’s natural theology, or Malthus’s theories on population.  The crucial question is not where 

the concepts come from, but whether they are truly interconnected and work together in a 

coherent fashion, so that they truly form a system, and guide research. 

Neo-Lamarckism meets the standards I employed in Chapter 2, those of Laudan’s 

research traditions.  It had a set of metaphysical and methodological commitments (and as a set 

they were distinct from Darwinism, or other conceptual systems), and a number of specific 

theories, such as the law of acceleration.  These commitments included the developmental view 

of evolution (evolution as a true unfolding of some sort of program or plan); the postulation of 

evolutionary mechanisms such as acceleration and retardation, recapitulation, and the inheritance 

of acquired characters; the belief in orthogenesis driven by the internal dynamics of organisms; 
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and the view of organisms as active participants in their own evolution.  These commitments and 

theories influenced the problems which Cope, Hyatt, Packard, their colleagues, and their students 

considered important, and shaped the answers – or types of answers – they proposed to those 

problems.   

Laudan also states that research traditions generally have a “long history extending 

through a significant period of time” (Laudan 1977, 79).  Laudan includes this requirement to 

distinguish research traditions from scientific theories.  That being the case, Neo-Lamarckism 

had a fairly long life.  It existed from the 1860s into the first decades of the 20th century.  It 

declined precipitously during the 1920s as the inheritance of acquired characters was undermined 

by new research into the genetic basis of inheritance, and because there was no theory on offer to 

replace it and explain orthogenesis – which, absent an explanation, began to look more and more 

like unwarranted extrapolations from limited evidence (Bowler 1983, 165).   I would argue on all 

of the above grounds that the components of Agassiz’s thought also constituted a conceptual 

system or research tradition.  Agassiz’s Essay on Classification is largely an effort at a 

systematization of his thought on systematics, geology, biogeographical distribution, and 

embryology. 

This is not to say that Neo-Lamarckism was without internal disagreement.  Cope and 

Hyatt disagreed as to whether degeneration of a series was a positive trend, an extension of the 

development of a type into new stages (Hyatt), or a negative trend, a case of a type moving 

backward through previous stages (Cope).  They disagreed over the relative strengths of the 

inheritance of acquired characters and racial senility.  Hyatt seems to have believed that all races 

eventually entered a period of senility leading to extinction.  Cope seems to have believed that 

acceleration, fueled by the inheritance of acquired characters, could keep a series progressing 
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indefinitely.  Cope stressed kinetogenesis in the evolution of series – effort and the motive force 

of animals driven by consciousness – while Packard stressed physiogenesis, or, in the case of 

cave animals, perhaps, the lack of it.  But the mere fact of disagreement does not disqualify Neo-

Lamarckism as a research tradition, if we are willing to accept, as we should (and as Hull and 

Laudan insist that we do), that there can be conflicting or even contradictory strands within 

research traditions. 

Another concern might be that Neo-Lamarckism should correctly be viewed on analogy 

not with reticulate evolution, but on analogy with a process of horizontal evolution such as 

lateral gene transfer.  I grant that that might be the case, and will have more to say along these 

lines in my conclusion.  The question would be how literally we are to take our analogies.  What, 

for example, are the adjustments – such as those which allopolyploidy might accomplish – that 

turn the initial hybrid of Aggasizism and Darwinism into a new species?  The adjustment might 

be as simple as the coalescing that took place as men like Hyatt, Cope, and Packard fused ideas 

from different traditions into new concepts which they then applied in their research, and which 

had their own fates from concepts in the parent systems.  On the other hand, I would not want to 

rule out analogizing on gene transfer, so long as the analogy makes clear that, in this particular 

case, new conceptual “DNA” was not merely added, but previously existing “DNA” was lost.  

Elements of Darwinism were not simply absorbed into an existing conceptual system, with no 

other changes taking place. 

Whatever the answer to the above questions, the important point is that the practitioners 

of Neo-Lamarckism extracted elements of both systems, discarded others, and came up with 

concepts and theories of their own.  They combined them into a system that was neither 

Agassiz’s nor Darwin’s, but a curious mixture of the two, with its own distinctive morphology 
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and potential for reproduction.  Two branches of the conceptual evolutionary tree came together, 

fused, and a single branch resulted, which had its own evolutionary fate.  The original branches 

continued along their own trajectories.  Agassiz’s system did not survive much longer past his 

own death, if it even survived until then.  Darwinism survives to this day.   

Two facts are of particular interest.  First, Darwinism experienced backcrossing from 

Neo-Lamarckism.  In the sixth and last edition of the Origin, Darwin cited the “acceleration or 

retardation of the period of reproduction” as “another possible mode of transition” from one form 

to another, or conversion of an organ from one function to another (Darwin 1872b, 149).  He 

attributed the theory to Cope – but not also to Hyatt, prompting the exchange of letters with 

Hyatt that I mentioned earlier – and he mistook the import of the theory.  Darwin saw it as a 

claim that members of a species might come to reproduce at an earlier and earlier age, before the 

expression of their “perfect” characters.  The “law” that Cope and Hyatt independently 

formulated actually made the different claim that adult characters would be compressed back 

into the ontogeny of  the type, and come to be expressed progressively earlier in the type, not 

later, as Darwin took them to be saying.  For my purposes, it is unimportant that Darwin 

misunderstood Cope and Hyatt.  What is significant is that one of the concepts of Neo-

Lamarckism found its way back into the exemplar which inspired scientists like Cope, Hyatt, and 

Packard to break from prevailing anti-transmutationist views. 

Second, both Neo-Lamarckism and Darwinism assimilated aspects of Paleyian natural 

theology, but not the same aspects.  The Neo-Lamarckians emphasized primarily the idealistic 

tradition, while Darwinism emphasized the utilitarian tradition.  In fact, it could be argued that 

Neo-Lamarckism is actually a reticulate of (at least) three conceptual systems:  Agassiz’s, 

Paley’s and Darwin’s.  Tracing the genealogy, we get the following result:  strands of Paley’s 

 135



 

system find their way into Darwinism, and, separately, into the very early thoughts of the 

founders of Neo-Lamarckism.  The Paleyian strands fuse in Darwinism with strands from other 

conceptual systems, including Malthus’s views on population and Lyell’s uniformitarianism – 

meaning Darwinism may itself be a reticulate species.  A fully naturalized version of the 

utilitarian aspect of Paley’s system emerges in Darwinism, and finds its way back into the system 

being created by the first Neo-Lamarckians, which is itself inspired in part, and independently, 

by Paley’s views.  Thus aspects of Paley’s thought enter Neo-Lamarckism directly, and 

indirectly (by taking a detour through Darwinism, where they are stripped of their theological 

and supernatural trappings).  While Agassiz and Darwin may be, metaphorically, father and 

mother to Neo-Lamarckism, Paley is, in a sense, both its father and grandfather. 
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Conclusion:  Implications and Further Questions 

At this point we need to step back and examine the broader picture.  I started by noting 

Hull’s proposed solution to the “protean” nature of conceptual systems – denying that conceptual 

systems (such as scientific research traditions) have anything like an essence, and using the type 

specimen method to determine which concepts constitute the conceptual system at a given time.  

While not objecting to the type specimen method as a tool for identifying which concepts are 

members of a conceptual system, I objected to Hull’s argument that there are no concepts or 

commitments or tenets which a conceptual system must retain for it to remain that particular 

conceptual system.  That was based on the argument that conceptual systems (such as scientific 

research programs) require a critical degree of cohesion to serve as conceptual systems rather 

than as loose collections of concepts, a degree of cohesion that is broken by the loss of tenets 

which enabled the system to crystallize.  It was also based upon the function of conceptual 

systems.  They are tools which humans use to achieve goals, or, in the case of scientific research 

programs, to answer families of related questions – and more importantly, to answer them along 

particular lines, employing particular concepts and the assumptions that accompany them.  Just 

as other sorts of tools must retain certain features for them to function as those tools, so do 

research traditions need to retain certain features.   

The concern that then surfaced was whether this view was compatible with the clear fact 

that conceptual systems evolve.  Hull’s challenge was to argue that if conceptual systems are to 

evolve “in anything like the way that biological species do,” they cannot have an essence (Hull 

1985, 777) – that is, a set of traits (in the case of species) or tenets (in the case of conceptual 

systems) which they must maintain.  The reasoning behind this was similar to that employed by 

anti-transmutationists like Owen.  Species have or correspond to something like a Platonic 
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essence, so they cannot evolve one into another, because that would mean that at some point they 

would lose an essential attribute.   

In response, I argued that this argument rested on or presupposed a single pattern of 

evolution, anagenesis.  If we are to truly analogize the evolution of conceptual systems to the 

evolution of organisms, then we need to consider other patterns of evolution that exist in the 

organic world.  Once we recognize that, we dissolve the apparent conflict between the 

requirement that there be some elements which a research program never loses (in order for it to 

do the job which that program does), and the recognition that conceptual systems evolve.   And I 

illustrated this by analyzing an episode in the history of Darwinism, the dispute between William 

Bateson and the biometricians.  That episode involved a disagreement over the proper meaning 

of certain Darwinian concepts (such as selection and adaptation), and of the proper direction and 

focus of the program (whether it should take the phenomenal approach of the biometricians, or 

Bateson’s physiological approach).  This created an internal tension which could not endure 

forever.  Two sets of researchers at such odds over fundamentals of the program within which 

both claimed to be working could be understood, I argued, as a case of incipient speciation and 

cladogenesis (with Bateson in the role of peripheral isolate). 

Finally, I pointed out that anagenesis and cladogenesis do not themselves exhaust the 

patterns of biological evolution.  Analogizing the evolution of conceptual systems requires us to 

consider all such patterns, including reticulate evolution and horizontal evolution.  An insistence 

upon pluralism in the models upon which analogies between the biological and conceptual 

worlds are based might be in trouble if there wasn’t any such pluralism to be had.  To 

demonstrate that such analogizing, which Hull originally advocated, can be pluralistic, I 

recounted the development of Neo-Lamarckism in the United States in the late 19th century as a 
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case of reticulate evolution.  Men like Hyatt, Cope, and Packard picked concepts from the 

systems of Louis Agassiz and Charles Darwin, and combined them into a hybrid system that had 

its own characteristics, trajectory, and fate.  In what follows, I would like to lay out some 

possible course of investigation which the preceding chapters suggest, and to take up a few 

lingering questions.   

The concepts or commitments of Darwinism are, I have been arguing, robust yet 

amenable to tinkering, much like evolving populations of organisms themselves.  Its concepts are 

capable of adaptation.  It is probably partially on account of that characteristic that Darwinism 

has been as successful – in terms of yielding answers to questions, opening up new lines of 

research, and of inspiring similar applications in fields besides biology – and long-lived as it has.  

One possible line of investigation would be determining whether research programs with this 

same characteristic tend to be the longest-lived and most successful.  There is a danger of 

circularity here, if the criterion for determining whether a research program has robust yet 

adaptable concepts is that it is long-lived, and conversely that what explains the longevity of that 

research program is that it has robust yet adaptable concepts.  So sufficient care would have to be 

taken in determining what makes concepts robust yet adaptable.  This problem might not be 

hopeless, since it seems similar to the problem of establishing an adequate criterion for fitness.  

Perhaps this could be done by investigating what the earliest practitioners in the program took its 

central concepts to be to see whether there was adequate play accompanied by and constrained 

by some sort of consensus, as there appears to have been with Darwinism, thanks to Darwin’s 

clarity on some issues (descent with modification) yet ambiguity on others (selection as both 

builder of adaptations, and as eliminator of unfavored races and preserver of the favored). 
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Another line of research would be an investigation into whether there are analogs to 

genetic revolutions in the speciation of conceptual systems.  I discussed genetic revolutions and 

Mayr’s founder principle in Chapter 1.  To briefly recap, the founders of a new species will carry 

a random sampling of the parent population’s genome.  This sampling will likely contain less 

genetic diversity than the parent population’s (Mayr 1963, 530).  When it becomes isolated, the 

founder population will face new selective pressures.  This means that genes in the founder 

population may acquire new selective values.  Under such conditions, changes in gene frequency 

could happen very rapidly, until the genome of the population again achieved equilibrium (Mayr 

1963, 532-534). 

Bearing in mind that there will be hazards in analogizing too closely between genes and 

concepts, it might prove profitable to investigate whether in cladogenetic conceptual evolution 

anything like a genetic revolution takes place.  If we think of concepts in a research program as 

being something like mosaic entities, and not indivisible things, so that the content of the concept 

can be broken down and rearranged, perhaps with new elements, then there might be something 

like random sampling of the parent research program’s “genome” in the founder population of 

the new research program.  We saw that Bateson developed a different concept of natural 

selection than the ones the biometricians held, dictated partly by his beliefs about how variation 

occurred.  If variation occurs in large discrete jumps, rather than small increments, selection will 

have the job of fine-tuning structures, or simply eliminating unfit ones, rather than building them 

up.  If this is the case, then perhaps these newly constituted concepts will face new “selective 

pressures” as they are brought into play in scientific research and theory formation against both a 

new conceptual background and a new environment – a new set of problems against which they 

are deployed.  This initial period of a cladogenetically generated research program’s life might 
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be a conceptual shakedown analogous to a genetic revolution, with a greater chance of concepts 

changing or becoming lost, until, if the program survives this initial period, a new state of 

equilibrium is achieved, in which the program’s genome “hardens.”   

 Another open question is whether anything like species selection occurs with conceptual 

systems, whether or not the proponents of this idea, such as Eldredge and Gould, are correct that 

it occurs in the organic world.  In an analogy with individual (organismic) selection, species 

selection proposes, on one view, that something about the constitution of a species which makes 

it more capable of throwing off daughter species also makes it less susceptible to extinction, and 

therefore that fecund species would be favored, and come to be more represented (Eldredge 

1985, 160).  A program which does not contain many stimulating ideas, or for some other reason 

fails to inspire research which either generates new findings which challenge the commitments 

of the program itself, or which lead to new questions which can best be answered by the 

founding of a new program, may fare less well in the marketplace of scientific ideas.  Over time, 

scientists might come to prefer research programs that hold the promise of generating offshoots, 

and be more willing, during something like a Kuhnian scientific revolution, to throw their 

support behind such a program.  If this selective process repeated itself, the result might be that 

research programs that do not have whatever it is in a program’s phenotype that promises 

fecundity simply do not get proposed.  This line of questioning would seem to be consonant with 

Hull’s own attempts to analyze science itself as a selective process in which scientists cooperate 

and compete for credit (Hull 1988). 

 Yet there are dangers in modeling conceptual change on analogy with biological 

evolution.  The analogies cannot be too literal, nor too specific.  It would be a mistake to insist 

that such analogizing must be based on one, real episode of biological evolution.  This would be 
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to force the history of conceptual change into a Procrustean bed.  Reticulate evolution provides a 

good example.  It would be absurd to insist that because the model was Tragopogon, there must 

then be a doubling of the resulting hybrid research program’s “chromosomes” for the episode to 

count as a case of reticulate evolution.  On the other hand, there is a danger in being too general.  

A highly generalized pattern of evolution might not capture all of the relevant – or even fail to 

capture any of the relevant – concepts, conceptual relations, and actual historical trajectories 

involved in episodes of conceptual evolution.  It might also be the case that a wholly different 

type of pattern of biological development could be the appropriate process upon which to 

analogize. 

 The challenge will be to identify which concepts or conceptual relations need to be 

analyzed – which ones are changing, and why they are changing.  The forces at work will need to 

be considered.  A focus on a different sort of approach (in biology, for example, a growing 

experimentalism) may demand a change in the standards of what counts as evidence for the 

instantiation of a concept.  New discoveries may constitute significant anomalies for the 

program.  Concepts may be imported from other conceptual systems, or there may be ripple 

effects from changes in other conceptual systems, both scientific and extra-scientific (e.g., the 

introduction into biology in the mid-20th century of methods, concepts, and researchers drawn 

from physics and cybernetics; or a move in the extra-scientific culture away from Malthusian 

thinking).  Persuasive arguments may be made that some of the assumptions in the conceptual 

system are, by the lights of the system itself and (perhaps) in conjunction with the evidence, 

either existing or new, misguided, or no longer tenable (many of the criticisms – or, as they 

might prefer it, corrections – of Darwinism by Gould, Lewontin, Eldredge, and others might fall 

into this category [Eldredge and Gould 1972; Gould and Lewontin 1979; Gould 1980). 
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In trying to find the right balance between specificity of example (in the biological world) 

and generality of pattern, it may turn out that more than one pattern is applicable to a given 

example of conceptual system evolution.  This is not a vice, but a virtue.  Significant insights 

might be gained by analyzing along the lines of more than one model.  Such insights might be 

missed if an episode were analyzed on analogy with only one evolutionary pattern.  Yet this is 

not to say that this will always be the case.  It will almost certainly be the case that for some 

episodes of conceptual evolution, only one pattern is appropriate and applicable, and that due to 

the details of the episode, application of other patterns would only produce confusion and 

erroneous conclusions, much like the confusion and error that would result from trying to assess 

biological evolution using the wrong pattern – reticulate evolution in animals, for example.   But 

there is no a priori reason to believe that all episodes of conceptual change must resemble only 

one pattern of biological evolution.  This seems to be the case in the case of the development of 

Neo-Lamarckism.  Indeed, it will probably be true that such horizontal evolution is always 

occurring in conceptual systems, and that strict adherence to analogizing on the evolution of 

animals is never apt.  This consideration leads us back to the beginning.  Hull’s broader purpose 

was to apply population thinking to thinking itself; in general, to use the methods of evolutionary 

biology in philosophical analysis. Lateral gene transfer is receiving increased attention as an 

evolutionary mechanism.  The broader lesson to be learned is that, to the extent that we can 

successfully use scientific concepts in philosophical analysis, because scientific knowledge 

grows and changes, so must our views on the proper ways to conduct that analysis.  As our 

knowledge of biological evolution enlarges, so much the better will we be able to understand and 

analyze the evolution of conceptual systems.  
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