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Preface

Many philosophers consider the claim that our knowledge evolves to be a
mere cliché. They say that it is a truism which is not going to reveal anything
new about the ways in which our science and technology actually progress.
The stronger claim that knowledge not only evolves, but that it does so according to the same basic Darwinian principles that govern biological evolution,
evokes frowns as well. Most philosophers argue that one is comparing apples
and oranges, since human knowledge is of a completely different order than
biological evolution. So the first claim is considered to be a truism and the
second a category mistake. Nevertheless, I believe that both deserve to be
taken seriously.
The philosophical position I want to defend and elaborate in this thesis is
a particular kind of naturalized epistemology, viz.. evolutionary epistemology.
It could be characterized as an attempt to draw explanatory links between the
growth of knowledge and biological evolution. This approach is not greeted by
everybody with equal enthousiasm, mainly because many philosophers still
start from the traditional idea that epistemology is prior to and more fundamental than science. I believe that this view is mistaken. In the view which
I want to defend, science and philosophy are on the same footing. New
knowledge has necessitated new epistemologies, and new epistemological
concepts have helped the advancement and the understanding of scientific
theories. So philosophy is not a groundwork for science but continuous with
it. Naturalized epistemology is therefore no longer concerned with the abstract
and a priori investigation of absolute truth or ultimate certainty, but rather
with the concrete analysis and evaluation of actual knowledge processes.
The overall aim of this thesis is to show that Darwinian evolution is not
confined to the biological realm of organisms, populations, and species. Other
dynamic systems may evolve as well, provided that certain conditions are met.
If these conditions are satisfied, they will result in a cumulative sieving
process which gathers and stores information about the world. I shall argue
that all such dynamic systems are essentially knowledge-gaining processes.
The main claim of this thesis can be put succinctly as follows: knowledgegaining is a Darwinian selection process; and reversely, Darwinian natural
selection is a knowledge-gaining process.
I believe that an evolutionary naturalism obliges us to amend our epistemology and metaphysics. In general, epistemology should be more modest
and less anthropocentric. It should be more modest because we cannot
stipulate in advance or once and for all which methods will be successful or
which knowledge-claims are justified. Rather, we should try to improve and if
necessary, modify our theories, criteria, and procedures in the light of new
experiences. Thus a selectionist account of scientific development is strongly
IX
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committed to fallibilism. Epistemology should be less anthropocentric because
human knowledge is but an instance of a much larger array of natural infor
mation-gaining processes. Philosophers often engage in epistemological nit
picking without realizing that each and every cell in their bodies already
contains vital information about the world.
I argue that the concept of knowledge should be broadened: all instances
of adaptive evolution are instances in which knowledge has been gained. If we
define 'knowledge' as: 'a process in which information about the world is
gained and stored in a particular carrier', adaptive evolution counts as
knowledge. This means that we should disconnect the concept of knowledge
from anthropocentric connotations like language, representation, and truth,
etc. Knowledge properly (i.e., evolutionary) understood is any process in
which information about the world has been accumulated, stored, and used for
a certain purpose or function.
A Darwinian perspective therefore presupposes some kind of
metaphysical realism. In an evolutionary ecology, knowledge (in the extended
sense) conforms to the world rather than the other way around. From an
evolutionary point of view, that is, we simply have to assume that there is a
prestructured world which is at least partially knowable and detectable. Adap
tive evolution and the emergence of cognitive and sensory devices would not
have been possible if there were no detectable regularities in the world.
Evolutionary epistemology has been hailed by some authors as a
promising new approach to philosophy. Yet others have commented that the
enterprise is rather unsophisticated and that it has serious flaws. As a result,
arguments rage back and forth over the question whether the discipline has
any prospects. Sadly, this debate is often characterized by prejudice and
ignorance. To put it mildly, the programme is not always held in high esteem.
But then, one should not forget that evolutionary epistemology is a relatively
new enterprise which has yet to mature and gain respect. If my thesis
contributes in some way to this process, its objective would be achieved.

χ

Chapter 1
The Nature of Knowledge

Prologue
The biologist Richard Dawkins once remarked that 'Darwinism is too big a
theory to be confined to the narrow context of the gene.' And the philosopher
Nicholas Rescher, in a similar spirit, stated that 'As war is too important to be
left to the generals, so evolution is too important to be left to the biologists."
Apparently, evolution is not exclusively a biological affair. But this should
hardly be a surprise because even in everyday language we already make
frequent use of a Darwinian framework. For instance when we say that
language, culture, science, and the designs of airplanes, cars and computers
have 'evolved'. Likewise, in popular science books and documentaries we are
told that the solar system, a galaxy, and even the entire universe 'evolves'. In
the newspapers we may read that Eastern European economies have not yet
fully 'adapted' themselves to the free market, a market which, in turn, works
by the principle of 'survival of the fittest'. Even small children frequently
employ a Darwinian scheme of things when they refer to bizarre cartoon
creatures as 'just mutants'. And if you are in the awkward position that you
have failed to respond to the latest technological developments, someone may
even exclaim: 'you're dinosaur!' - thereby indicating that you and your kinds
are on the brink of extinction.
Our language and culture are permeated with terms and concepts
borrowed from evolutionary biology. Darwin's ideas seem to be common
property, albeit mostly in crude and superficial guises. But whereas folkDarwinism prospers, there remain intellectual enclaves in which evolutionary
thinking is relatively scarce. Until quite recently philosophers constituted one
such bastion. For some particular reason philosophers always have had little
interest in evolutionary theory and those few thinkers who were willing to
address the subject often remained critical and sometimes even hostile. For
quite some time many philosophers simply rejected the theory of evolution on
grounds of its alleged speculative, untestable and metaphysical character. It
was said that the very core of Darwin's theory (i.e., the principle of natural
selection) is plainly tautological, because all it states is that the fittest survive and by definition the fittest are the survivors. Karl Popper ipse dixit.
Remarkably, few people seem to know that Popper already recanted his views
on the subject in 1978 in the first Darwin Lecture delivered at Darwin college.
1
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Cambridge.2 Nevertheless, in recent years we have witnessed a turnabout.
The philosopher's bastion finally has opened its gates. That is. more and more
philosophers start to realize that evolutionary biology simply is indispensable
for a genuine understanding of man and his place in the universe.
(As an aside: this seems to leave the enclave of theologians as the final
stronghold and ultimate sanctuary yet untouched by Darwinian influences. But
surprisingly, even there things are starting to change. For as I write this
introduction, pope John Paul II officially announced that the theory of
evolution is not at variance with catholic doctrines at all. However, the
acceptance of Darwin's theory, the Holy Father further states, does not oblige
catholics to embrace its alleged materialistic consequences. The physical
human body, the pope declares, may have its origin in earlier life forms, but
the immaterial human soul and the human mind are directly created by God.
Clearly, this statement of the Vatican must be seen as an attempt at conciliation. But it also leaves several interesting questions unanswered. For
instance we may ask: exactly at which point in human evolution did God
furnish us with souls and minds? Was it when Homo habilis emerged, or did
the earlier Australopithecines and perhaps even their ancestors already have
souls? Furthermore, did God leave evolution run free or did He in His omniscience know that sooner or later human-like creatures would pop up? Finally,
we may also wish to know how the Almighty has solved the problem of mindbody dualism, i.e., how do the incorporeal soul and immaterial mind affect
the physical body?)
In short, more and more philosophers (the pope wrote a thesis on
phenomenology) are waking up to the fact that evolution is not merely a feeble
hypothesis and that, apart from its pure biological implications, the theory of
evolution also bears on many philosophical issues. More than a century after
Darwin, philosophers are finally catching up, judging by the amount of books
and articles devoted to the subject that have been published in recent years.
Evolution is indeed too important an idea to be left solely to the biologists.

2

In his Darwin Lecture, Popper (1978, pp. 344-345) confesses: 'I too belong to the
culprits. [...] I have in the past described the theory [of natural selection] as "almost
tautological", and I have tried to explain how the theory of natural selection could be
untestable (as is a tautology) and yet of great scientific interest. My solution was that
the doctrine of natural selection is a most successful metaphysical research
programme. It raises detailed problems in many fields, and it tells us what we would
expect of an acceptable solution of these problems. I still believe that natural
selection works in this way as a research programme. Nevertheless, I have changed
my mind about the testability and the logical status of the theory of natural selection;
and I am glad to have an opportunity to make a recantation.'
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The Nature of Knowledge
1. The neglect of biology
The subject of this thesis is evolutionary epistemology. Evolutionary epistemologists assert that Darwinian evolutionary theory can shed new light upon
old philosophical questions. These questions include amongst others: is
genuine knowledge about the world possible? What are the origins, scope, and
limitations of knowledge? Why are there knowing creatures in the first place?
Which dynamic processes govern the development of scientific knowledge? In
sum, evolutionary epistemology tries to give an evolutionary account of
cognitive processes and scientific change. But before I explicate in detail what
evolutionary epistemology is and what it proclaims, let me first make some
general remarks which will be helpful to understand the overall aspiration of
this thesis.
Evolutionary epistemology has been hailed by some authors as a
promising new approach to epistemology and philosophy of science. The
philosopher Franz Wuketits (1990, 205 ff.) even has heralded its 'implications
for humankind.' Wuketits argues that we can no longer ignore the insight that
man and his cognitive capacities are the result of Darwinian evolution.
Evolutionary epistemology thus undoubtedly will change our ideas about
human nature and human cognition. The philosopher-physicist Gerhard
Vollmer (1975, 170 ff.) therefore depicts evolutionary epistemology as a 'truly
Copernican revolution in epistemology.' Vollmer rightly argues that Kant's
alleged Copernican turn was in fact no Copernican revolution at all, since he
put man back at the centre of the world epistemologically from where Copernicus had displaced him cosmologically. Evolutionary epistemology, by
contrast, takes man off the centre again, making him an insignificant spectator
of cosmic processes.3 The philosopher of science Ronald Giere (1985) makes
a similar point when he says that the insights of evolutionary biology are
indispensable for understanding the nature and origin of knowledge. As Giere
puts it:
Thinkers struggling to understand the nature of their own knowledge
in the seventeenth and eighteenth centuries may be forgiven for not
appreciating evolutionary theory or contemporary neurobiology. A
century after Darwin a similar lack of appreciation is less forgivable.
(1985, 340)
The philosophers Edward Stein & Peter Lipton (1989, 38 ff.), finally, believe
that evolutionary epistemology is going to have the same profound impact on
philosophy of science as Darwin had on biology. In the history of biology

1

See also: G. Vollmer 1984, p. 81.
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there is the important caesura of 1859, the year Darwin published his Origin
of Species. Likewise, in the philosophy of science. Stein & Lipton believe, we
have to distinguish two different periods: the one before and the one after the
emergence of evolutionary epistemology.
But as with all new, great ideas, evolutionary epistemology also has its
opponents, critics and downright enemies. Many epistemologists and
philosophers of science still believe that the theory of knowledge is a purely
philosophical affair which asks for a logical or conceptual analysis rather than
an appeal to Darwinian evolution or indeed any other empirical science. As a
result, arguments rage back and forth over the question whether evolutionary
epistemology has any prospects. It is therefore no exaggeration to say that
evolutionary epistemology is controversial. The existing body of literature on
the subject clearly shows that one either is an ardent advocate of evolutionary
epistemology or a fervent critic. There seems to be no middle course. The
debate mainly concentrates on the alleged explanatory virtues of evolutionary
epistemology. Several opponents of evolutionary epistemology, like the
philosopher Hilary Putnam (1982, 6), readily admit that the scientific facts are
right, but they believe that they do not answer any of the philosophical
questions. These critics hold that philosophy is an autonomous discipline
which has little to do with empirical science. One aim of this thesis is to show
that these critics are mistaken about the proper role of philosophy. Following
Willard Van Orman Quine (1969) and others, I argue that philosophy should
blend with the sciences rather than turn away from them.
Again, it is worth mentioning that, among philosophers, biology always
has been a suppositious child, getting no or at best little attention. For some
reason philosophers (and particularly philosophers of science) always have had
a keen interest in physics and astronomy, probably because these sciences
employ the language of mathematics, a language which many philosophers
admire for its purity and clarity. Biology, by contrast, has little to do with
mathematics, logic, or natural laws: the sheer complexity of living systems is
hard to reconcile with an austere physicalist methodology. As a result, biology
was often considered to be a 'dirty' science. The physicist Ernest Rutherford,
for instance, once remarked that practising biology is something like collecting
stamps: quasi-scientific tinkering at best.4 Some philosophers even believed
that, in the nearby future, the science of biology would be reduced to physics
and chemistry. The physicalist programme was simply taken for granted. As
the biologist Ernst Mayr (1988, 1) rightly complains: 'The philosopher's endeavours to solve all scientific problems by logic, mathematics and refined

4
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measurements were unproductive, if not totally irrelevant, when applied to
biological phenomena.'5
Of course, Mayr and other contemporary biologists do not deny that all
living systems share a material, physical substrate. Yet the complex hierarchical organization of matter in living creatures, ranging from the nucleus and
the cell to the species and the ecosystem, seems to involve many new ontological layers and various emergent properties (e.g., an inherited genetic
programme, metabolism, behaviour, consciousness) which are absent in the
non-living, physical realm. To be sure, hierarchical organization is not
altogether absent in the inanimate, physical world, but such order is several
levels of magnitude below the order we encounter in the animate world.
Moreover, because many higher-level biological properties (like metabolism,
behaviour, and consciousness) have no one-to-one correspondence with
physical properties, biology might be considered an irreducible 'special
science' in Jerry Fodor's (1974) sense. In other words, because the same
higher-level biological properties are realizable by different types of physical
properties, biology is compatible only with token-physicalism. And if some
biological properties are only token-identical to physical properties, any
reduction to physics or chemistry would involve a long (and probably endless)
disjunction, connecting one or several biological terms to an infinite list of
physical and chemical terms. Many higher-level biological properties thus
supervene upon physico-chemical ones, and this means that one can be a
(token) physicalist without being forced to embrace some form of reductionism.
The philosopher David Papineau (1992; 1993) thinks that there is a
different reason why special sciences like biology and psychology are irreducible, viz., they are concerned with function, design, and purpose.
According to Papineau, all sciences which have such teleological (or
aetiological) underpinnings are not reducible to physics. Papineau (1993, 44)
provides the following example. All vertebrates who breed within a fixed
location will act towards invaders of that territory in such a way as to frighten
5

Cf. E. Mayr 1985. Mayr (o.e., p. 43) writes: 'I must have some six or seven
volumes on my shelves claiming to be philosophies of science, but all of them deal
exclusively with the physical sciences. Since many concepts that were developed in
biology, particularly after 1859, are incompatible with the conceptual framework of
the physical sciences, this inconvenient fact was eliminated by calling biology a
"dirty science" or, as the physicist Ernest Rutherford said, as "postage stamp
collecting". When the growing importance of biology was finally realized, a
movement developed to restore the unity of science, but what was meant by this was
to "reduce" biology to the physical sciences rather than to develop a broader
philosophy of science that would do equal justice to the concepts of the physical and
the life sciences.' See also: Francisco J. Ayala 1976. W.W. Bartley 1987.
5
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away those invaders. According to Papineau, no physical reduction of this
behaviour is possible because the different forms of territorial behaviour
displayed by vertebrates may have nothing physically in common, apart from
the fact that they all make intruders go away. Yet the latter fact can be
explained in a non-reductive manner in terms of selection processes. The
obvious explanation for the fact that the physically different kinds of behaviour
all have the same uniform effect of frightening away intruders is that natural
selection has favoured those functional behaviours precisely because they
frighten away intruders. That is the reason why variably realized behaviours
often produce uniform physical effects. The behaviours have all been selected
in order to produce those effects. So there is nothing puzzling about the nonreducibility of some special science's phenomena because these phenomena are
functional, they are selected for a certain 'purpose'. Biology, in short, is an
autonomous special science which cannot be reduced to physics.
A similar reason for the irreducibility of biology was already voiced by
Mayr (1961) himself. Mayr first makes a distinction between functional
biology and evolutionary biology. The functional biologist is concerned with
the operation and interaction of structural elements, from molecules up to
organs and whole individuals. His ever-repeated question is: 'How?'. How
does something operate, how does it function? Hence the functional biologist
is interested in proximate causes. The evolutionary biologist differs in his
method and in the problems in which he is interested. His basic question is:
'Why?' or 'How come?'. The evolutionary biologist is looking for ultimate
causes. These are causes that have a history and that have been incorporated
into the organism's system through many thousands of generations of natural
selection. Next, Mayr illustrates the intricacies of the concept of causality in
biology by the example of bird migration, specifically the migration of a
warbler in New Hampshire at the end of August. We can list four equally
legitimate causes for this migration:
(i) An ecological cause. The warbler, being an insect eater, would starve to
death if it should try to winter in New Hampshire.
(ii) A genetic cause. The warbler has acquired a genetic constitution in the
course of evolutionary history which induces it to migrate when prompted.
(iii) An intrinsic physiological cause. The warbler's migration is connected to
the decrease of daylight.
(iv) An extrinsic physiological cause. A sudden drop in temperature hastened
the bird to migrate on that particular day.

6
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Mayr labels (i) and (ii) as ultimate causes and (iii) and (iv) as proximate
causes for the warbler's migration. The ultimate causes answer the
evolutionary biologist's 'why' questions. Such historical questions and their
corresponding answers are always cast in teleological or teleonomic
vocabulary.6 If we want to explain why the warbler migrates in the fall into
warmer countries, we must say that the bird has left New Hampshire in order
to escape the inclemency of the weather and the food shortages of the northern
climate. The bird's goal-directed behaviour cannot be translated into a purely
causal explanation without a considerable loss. For instance, if we replace the
words 'in order to' by 'and thereby' we leave the important question
unanswered as to why the warbler migrates. The teleonomic form of the
statement implies that the goal-directed migratory behaviour is an adaptation
governed by a genetic programme. By omitting this important message, the
translated sentence is greatly impoverished as far as information content is
concerned, without gaining in causal strength.
So biological phenomena are by no means in conflict with causal
mechanisms (for instance in the sense that teleonomic processes would involve
some mysterious kind of 'backward causation', etc.), but the evolutionary
biologist's teleological vocabulary cannot be reduced to a purely causal
language without paying a price. Teleonomic statements have often been
ridiculed as redundant and obscurantist. This is simply not true. Actually the
nonteleological translation is a meaningless truism, while it is the teleonomic
statement that leads to biologically interesting inquiries. Moreover, one could
rightly say that evolutionary biology is causally 'underdetermined' because the
countless causal chains cannot possibly be traced back in the mists of 3.5
billion years of evolution. As Konrad Lorenz (1977) explains:

6

The term 'teleonomic' was introduced by CS. Pittendrigh 1958, p. 394. Pittendrigh distinguishes teleonomic processes from teleomatic ones. The latter are
found only in the inanimate world. Teleomatic processes simply follow natural laws
(e.g., the law of gravity or the Second Law of Thermodynamics) as in the case of a
falling stone hitting the ground or the cooling of a heated piece of iron, etc.
Teleomatic processes are end-directed only in a passive, automatic way, regulated by
external forces. Teleonomic processes, by contrast, owe their goal-directedness to a
built-in programme. Such processes are found in the animate world. Teleonomy thus
refers to the functional organization of living systems. More specific, a teleonomic
process is any process during ontogeny which owes its goal-directedness to the
operation of a genetic programme. Teleonomy connotes a formal relationship to
Aristotelian teleology, with the important difference that teleonomy implies the
material and efficient cause of natural selection in place of the Aristotelian final
cause. Cf. G.C. Williams 1966, p. 258. E. Mayr 1988, pp. 38-66.
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The number of purely historical causes one would need to know in
order to fully explain why an organism is as it is may not be infinite,
but it is sufficiently great to make it impossible ever to trace all causal
chains to their end. (1977, 34)
It follows that evolutionary biology cannot be reduced - both for principal and
practical reasons - to the purely causal and nomological language of physics or
chemistry.
To sum up. Sadly, neglect of biology has been the predominant attitude
of most philosophers during the 20th century. Even in works claiming to be
philosophies of science, biology was given little or no attention. The logical
positivists who were preoccupied with physicalism and strong reductionism set
the standard: for quite some time philosophy of science was equated with
philosophy of physics. In recent decades, however, one can discern a growing
interest in the philosophy of biology, particularly in questions surrounding the
intricacies of evolution. But nevertheless, much philosophy is still being done
as if Darwin had never lived. This observation also holds for the philosophical
branch which is concerned with the theory of knowledge.
2. The quest for certainty
Ever since the ancient Greeks, philosophers have pondered on questions
concerning the nature, the foundation and the ultimate justification of
knowledge. Traditionally, philosophers believed that these epistemological
questions have to be answered in ways that do not presuppose any particular
knowledge. Hence an appeal to empirical knowledge in order to answer epistemological questions was rejected as circular or question begging.
Philosophers, ranging from Plato to (early) Wittgenstein, thus assumed that
epistemology asks for a purely logical, conceptual, or transcendental analysis
which - ideally - should reveal the ultimate nature and origin of knowledge
and the conditions which make knowledge possible. Needless to say that, for
nearly two millennia, epistemology has exclusively been the province of
philosophy.
However, since the rise of modern science and especially since the
Darwinian revolution in the 19th century, an alternative approach emerged.
This new strategy amounts to the view that there is no sharp divide between
epistemology and science. Because human beings and their cognitive faculties
are natural phenomena, there is no reason why epistemological questions
should be left to philosophy. Rather, questions concerning human (and animal)
knowledge can and should be studied by the natural sciences. Epistemology
therefore should merge with enterprises as psychology, cognitive science, and
evolutionary biology. Such approaches, in general, are called naturalized epis8
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temologies, whether they are directly motivated by evolutionary considerations
or not. Those that are directly motivated by evolutionary considerations are
called evolutionary epistemologies.
The locus classicus of this new approach in epistemology is Willard
Van Orman Quine (1969a). Following such philosophers as John Dewey and
Otto Neurath, Quine firmly claims that philosophy (epistemology) is on a par
with science. The traditional foundationalist programme, Quine argues, turned
out to be a failure - we are left with no choice but to naturalize epistemology.
The foundationalist project, which culminated in René Descartes' famous 'first
philosophy', insisted that knowledge must be constructed from the bottom up:
no knowledge can be taken as established until we have gone back to first
principles.7 Only a genuine epistemological theory could tell us how we ought
to arrive at our beliefs. Such an epistemological theory therefore has to be
developed independently of and prior to any scientific theorizing. Proper
scientific theorizing could only occur after such philosophical groundwork had
been established. In sum, traditional epistemology was concerned with the
ultimate validation of knowledge: the first task of the philosopher was to
establish a reliable foundation on which human knowledge should be erected.
In the last three centuries many attempts have been made to construct a
solid epistemological foundation, either based on a priori principles (e.g.,
Descartes' Cogito), or based on an empirical theory of neutral and infallible
experience. The latter attempt, developed amongst others by the logical
positivists in the first halve of the 20th century, tried to establish epistemological certainty through a logical construction of immediate sensations or
sense-data. The logical positivists, who were strongly influenced by Ludwig
Wittgenstein's Tractatus Logico-Philosophicus (1922), argued that the only
meaningful propositions were those which could be verified in principle by the
empirically given. Statements which could not be derived from sense-data, like
propositions concerning theology and metaphysics, were considered
meaningless or literally nonsensical.8
Yet the logical positivists never really succeeded in formulating a
coherent epistemological theory (Rudolf Carnap's Der Logische Aufbau der
Welt (1928) perhaps came dosest). This failure was partly due to several
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Cf. R. Descartes' Discourse on Method and Meditations on First Philosophy,
London: Penguin Classics, 1976.
8
Cf. Rudolf Carnap 1934, p. 45. He writes: 'The simplest statements in the
protocol-language are protocol-statements, i.e. statements needing no justification
and serving as foundation for all the remaining statements of science. The simplest
statements in the protocol-language refer to the given, and describe directly given
experience or phenomena, i.e. the simplest states of which knowledge can be had.'
(Italics in original.)
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disagreements between the members of the Vienna Circle themselves, notably
between Carnap and Otto Neurath.9 But apart from these professional quarrels
and the resulting self-criticism of the logical positivists, it was mainly the
critique of Quine (1953) which put an end to all aspirations to ground the
whole fabric of human knowledge on immediate sensations.
Quine's critique, in brief, demonstrates that the logical positivists (and
traditional empiricism) took two unwarranted assumptions for granted. The
first assumption or 'dogma' was the belief that there was a clear-cut distinction
between analytical propositions (statements which are true or false a priori by
virtue of their meanings) and synthetic propositions (statements which are true
or false a posteriori on the evidence of experience). Quine shows that this
distinction on which the logical positivist's theory of meaning was built cannot
be defined save (circularly) in terms which already presuppose it. The second,
and related, dogma concerns radical empiricism. The logical positivist's
verificationist theory of meaning held that every meaningful synthetic
proposition could be translated into statements about immediate experience
(the so-called 'protocol sentences'). Quine, by contrast, holds that our
statements do not face the court of experience individually, but only collectively. Moreover, Quine argues that any statement, even a supposed law of
logic, is potentially révisable in the light of experience.
The ensuing 'holistic' picture, which already had been advocated by
Neurath, thus emphasized that propositions cannot be verified in isolation. The
idea of every synthetic proposition having its own separable empirical content
had to be abandoned, and with it went the belief that every isolated statement
could be reduced to observation sentences. In a much-quoted passage, Quine
writes:
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Arguing against the foundationalist and phenomenalist approach of Carnap and
Moritz Schlick, Neurath (1932) used the image of a boat to demonstrate that
epistemology has no solid foundation and hence that epistemology must not be
viewed as a separate logic of science. Neurath (1932) writes: 'There is no way of
taking conclusively established pure protocol sentences as the starting point of
science. No tabula rasa exists. We are like sailors who must rebuild their ship on the
open sea, never able to dismantle it in dry-dock and to reconstruct it there out of the
best materials.' (Quoted from the English translation in: Alfred J. Ayer (Ed.) 1959,
p. 201.) Unlike Carnap, Neurath believed that the atomistic and phenomenalist
strands of logical positivism had to be replaced by a more holistic and physicalist
approach to epistemology. Neurath's powerful simile eventually pointed the way to a
naturalistic view of philosophy, according to which there is no first philosophy
serving as a secure base on which our knowledge should be erected. See also: A.
Ayer 1982, pp. 121-130. Nancy Cartwright et al., 1994.
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The totality of our so-called knowledge of believes, from the most
casual matters of geography and history to the profoundest laws of
atomic physics or even of pure mathematics and logic, is a man-made
fabric which impinges on experience only along the edges. (1953, 42)
Foundationalism, in its version of Carnap cum suis, was built on quicksand.
We cannot simply deduce scientific theories from basic observations because
theories are underdetermined by the data: it is possible to construct empirically
equivalent theories which are logically incompatible. Since experience alone
cannot settle the matter, a choice between such theories inevitably involves
extra-evidential, e.g., psychological or sociological factors.
The final deathblow for logical positivism came when philosophers like
Paul Feyerabend, Thomas Kuhn, and Norwood Russell Hanson began to
challenge the alleged distinction between observational and theoretical terms.
Observation turned out to be not as neutral as the members of the Vienna
circle had maintained, but instead impregnated with theory. Our perception of
the world, as Feyerabend, Kuhn, and Hanson demonstrated, is coloured by the
language, concepts and theories we (often unconsciously) employ: observation,
to use their phrase, is 'radically theory-laden'. The logical positivist's endeavour to provide a theoretically innocent and neutral report of unvarnished
experience was much too optimistic because no immaculate sense-data exist.
Because the many attempts to develop an a priori or an empirical
foundation on which scientific knowledge could be built turned out to be
inadequate, Quine and others urge a rejection of this approach to epistemologica! questions. Epistemology, in the naturalist's view, is a branch of
natural science: epistemology has to be naturalized. Since philosophers no
longer have a privileged status in matters concerning the validation of beliefs
and because epistemology does not take place independently of and prior to
scientific theorizing, it is time to join forces. Epistemologists should cooperate
with scientists from various disciplines - only then will it be possible to
understand how human and animal knowledge in fact is achieved and only
then will it be possible to assess the reliability of the diverse cognitive devices
we find in animals and humans. Naturalized epistemology starts, not from a
first person's perspective, but a third person's perspective. The enterprise may
therefore appropriately be called an 'epistemology of the other one'.10 As
Quine sums up:
[M]y position is a naturalistic one; I see philosophy not as an a priori
propaedeutic or groundwork for science, but as continuous with
science. I see philosophy and science as in the same boat - a boat

Cf. Donald T. Campbell 1974a, p. 449. Campbell 1974b, p. 141.
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which, to revert to Neurath's figure as I so often do, we can rebuild
only at sea while staying afloat in it. There is no external vantage
point, no first philosophy. (1969b, 126-127. Italics in original.)11
3. Fallibilism and virtuous circularity
Several critics have questioned the legitimacy of naturalized and evolutionary
epistemologies. They believe that the problem of circularity is the major flaw
of such enterprises. After all, naturalistic epistemologists employ empirical
(e.g., biological) knowledge in order to answer philosophical questions
concerning the origin and reliability of knowledge. The naturalist must be
rather naive, these critics suggest, because if he presupposes what yet has to
be justified (the reliability of knowledge), he simply is begging the question.
The naturalist seems to be caught in a conspicuous circle. Yet I believe that
although naturalistic epistemology could be qualified as circular, this circle is
not in any sense vicious but rather virtuous.
Because it has become clear that we lack a secure and everlasting a
priori, transcendental or empirical foundation upon which our knowledge
could be built, there remains only one appropriate alternative, to wit: fallibilism. Of course, we may also settle for some kind of relativism or even
scepticism, but this would be a poor choice because, as I will demonstrate in
later Chapters, we have good reasons to believe that our knowledge and
science progress and that we learn more and more about the world around us,
even though we lack a solid philosophical foundation.
Epistemological relativism, which holds that knowledge and truth are
relative to a particular time, place, historical epoch or conceptual scheme,
typically denies such a gradual and interparadigmatic accumulation of
knowledge. Relativists may admit that a buildup of knowledge takes place, but
they will argue that it occurs only within a particular scheme or framework. I
think that the relativist may be right in suggesting that there always are
historical, psychological, cultural, sociological and other external factors
which inevitably influence the course of scientific development. But from this
trivial truth it does not follow that there is no continuity, cumulation, and
progress to be found. The fact that foundationalism is dead should not seduce
us to espouse the opposite extreme position in epistemology. Furthermore,
relativism in its various guises suffers from the fact that it is self-referentially
incoherent: if every belief is relative to a particular framework or conceptual
scheme, then so is relativism. In short, I believe that epistemological
relativism is not an interesting option.
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For largely the same reason, I think that blunt scepticism is not a very
interesting option either. For as the philosopher Bertrand Russell (1912)
rightly argues:
If we adopt the attitude of the complete sceptic, placing ourselves
wholly outside all knowledge, and asking, from this outside position,
to be compelled to return within the circle of knowledge, we are
demanding what is impossible, and our scepticism can never been
refuted. For all refutation must begin with some piece of knowledge
which the disputants share; from blank doubt, no argument can begin.
Hence the criticism of knowledge which philosophy employs must not
be of this destructive kind if any result is to be achieved. Against this
absolute scepticism, no logical argument can be advanced. (1912, 231)
The American philosopher Charles Sanders Peirce called the ardent opposition
against such a destructive kind of scepticism the 'supreme maxim of
philosophizing'.12 To put our knowledge and science into gear, we necessarily have to presuppose certain premises for there is no certainty or justification right from the start. So if the sceptic wants to make a meaningful
and coherent statement, he too has to take some suppositions for granted, for
instance his continuing existence in time and the underlying logic of his
reasoning. Alternatively, if the sceptic wants to doubt each and every claim of
knowledge from the outset, he gets trapped in an infinite regress which ends
with darkness, silence and a paralysis of all thought.
So we may be deprived of absolute epistemological foundations, and
hence of ultimate certainty, but this predicament does not imply that we cannot
learn from successes or mistakes! As long as our presuppositions and premises
are not sacrosanct but instead open to revision and refinement we are not
caught in a vicious circle at all. As Vollmer (1987, 179) rightly states, we
cannot reasonably call in question our premises all at once, but we should be
ready to examine each of them in due time. In this way we would be able to
criticize them and to replace any of them if necessary. The appropriate image
here is not a closed circle but an open spiral or self-correcting feedback loop.
Vollmer writes:
This process is not circular. We might rather liken it to a spiral. This
spiral structure obtains both historically and systematically: New
knowledge has necessitated new epistemologies, and new epistemological concepts have helped the advancement and the understanding of scientific theories. Many epistemological systems, meant to be
12
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unshakable and final, turned out to mirror the respective knowledge of
their times (or, even worse, the nescience of their creators), (o.e.,
183. Italics in original.)
The philosopher Abner Shimony (1981), in a similar way, believes that the
results of scientific investigation about human beings will shed light on the
reliability of human cognition, and reciprocally, that adequate justification can
be given for the presuppositions of scientific investigation. The result is what
Shimony calls a 'dialectical framework': tentative suppositions are accepted at
the beginning of inquiry, but they are subject to criticism and may be revised
and refined on examination. He believes that fundamental principles are the
end rather than the beginning of inquiry. Shimony writes:
Most important, the dialectic is open, with no foregone conclusions
and no suppositions that are so entrenched that they cannot be critically evaluated. In particular, the openness applies to the dialectical
method itself. Inquiry may show that the dialectical method is in need
of supplementation or that it is only a temporary expedient on the way
to a deeper method, (o.e., 101)
In short, our starting point is the relative reliability of our cognitive
apparatus and the efficacy of our present-day methodologies, procedures and
theories. But these assumptions are not in any sense dogmatically revered. On
the contrary, they are constantly being analyzed and tested, and if necessary
we may decide that some assumptions need to be adjusted or abandoned. The
question about the validation of our beliefs cannot be answered a priori or
once and for all - the answer is constantly being calibrated as our knowledge
and science proceed. Fallibilism is therefore our only rational option.
4. Episteme bootstrapping
A second, and related, critique forged against naturalized philosophies concerns the so-called 'descriptive' versus the 'normative' approaches to epistemology. Several opponents of naturalized and evolutionary epistemologies
have argued that mere descriptive approaches to human knowledge have
nothing to do with epistemology proper. These critics maintain that epistemology, properly understood, is a purely normative discipline: epistemology
should concern itself with norms and criteria for valid knowledge. Models and
descriptions drawn from biology or psychology cannot contribute to such a
normative epistemology in any sense. Without norms which should tell us how
we ought to proceed, and without criteria by which we could assess the
reliability of knowledge-claims, the entire project of naturalized epistemology
14
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is doomed to fail. As Putnam (1982, 20) puts it: 'The elimination of the
normative is attempted mental suicide.' A theory of knowledge which no
longer can tell us whether our knowledge is justified or not, could hardly
qualify as a theory of knowledge at all.
I believe that this objection against naturalized epistemology is false.
Surely, in the novel epistemological setting descriptive elements will play a
larger role than in the orthodox one. After all, in the new setting we are
interested in the actual workings of various cognitive devices and sensory
systems: psychology, cognitive science, and biology can tell us how animals
and humans actually gain knowledge about the world. But the repudiation of
the Cartesian quest for certainty and other a priori foundations does not imply
that all normative elements are lost.13 Again, the fact that we do not possess
eternal and immutable criteria which could inform us how we ought to arrive
at valid beliefs should not lure us in the trap of relativism or scepticism. The
absence of everlasting norms and absolute certainty is simply part of the
human condition - man is fallible - but we can still learn along the way.
We may call the strategy by which we constantly evaluate our methods
and criteria 'epistemic bootstrapping'. As the philosopher Alvin I. Goldman
(1986) explains:
The main sort of bootstrapping scenario runs as follows. We start with
a set of available processes with varying degrees of reliability. We use
the more reliable processes to identify good methods. We then use the
more reliable processes, together with some of the good methods, to
identify the various processes and their respective degrees of
reliability. The superior specimens are so identified, and their use is
said to be justification-conferring. The inferior specimens are so
identified, and their use is said to be non-justification-conferring. If
the faulty processes are subject to direct and indirect control, we try
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As again Quine (1990, pp. 19-20) points out: '[Traditionalists] are wrong in
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board. Insofar as theoretical epistemology gets naturalized into a chapter of
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to avoid those processes. Or we try to devise methods to minimize
their impact. In this manner epistemic melioration is possible. (1986,
120)
So even if we lack a secure epistemic foundation, it is still perfectly possible
to (fallibly) improve our methods and procedures by some sort of cumulative
winnowing process. From the constantly varying set of alternative methods
and procedures we choose and retain the ones which yield promising results
and reject the ones which do not. In this way we should be able to refine our
methodologies in time.14 Similarly, the philosopher of science Larry Laudan
(1996, 167) argues that we can use the simple method of induction to
'bootstrap' our way to more subtle and more demanding rules of evaluation,
which, in their tum, become the license for subsequent and yet more highly
refined rules and standards. Such self-correcting feedback loops make the
foundationalist's search for 'deeper' underpinning practically gratuitous. The
rules and standards which guide theory choice in the natural sciences have
changed and evolved in response to new information in the same ways in
which scientific theories have changed in the face of new evidence. Since
norms and standards are to be appraised and assessed in the same empirical
way as theories are appraised and assessed, we may say that they are on the
same footing. The chief aim of normative naturalism is simply to discover the
most effective strategies for investigating the natural world.
What becomes clear is that the growth of knowledge is essentially a
selection process much in the same way as biological evolution is the result of
genetic variation and natural selection. In Chapters 4 to 7, I will scrutinize this
particular analogy in detail. I argue that the analogy holds (in both directions):
the development of scientific knowledge is due to selection processes and,
reversely, biological evolution can be depicted as a knowledge-gaining
14

In his William James Lectures, Donald T. Campbell (1977) writes: 'I intend the
term [descriptive epistemology] to describe a more modest, less definitive, enterprise
than pure philosophical epistemology may aspire to. [...] Descriptive epistemology is
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knowledge, or how animals go about perceiving and learning when they think they
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process. I believe that even a stronger claim can be defended, namely that
ultimately there may be only one universal knowledge-gaining algorithm which
can operate in completely different domains. In the biological domain the
algorithm generates adaptations, whereas in the epistemic realm the algorithm
results in better procedures and theories. In both cases the underlying
mechanism is the same: generate random variants, select the ones which are
successful, and hand them over to future generations.
So I believe that both critiques forged against naturalized epistemology
are beside the point. Let me briefly summarize. First, the risk of circularity is
not a threat at all because we are not confronted with a vicious circle but
rather with a feedback loop or a dialectical process. The appropriate image is
not a closed circle but an open spiral. In this spiral we accept tentative
suppositions at the beginning of inquiry, but we may revise and refine these
suppositions on closer examination. The question about the validation of our
beliefs simply cannot be answered a priori or once and for all. So we have no
choice but to start with tentative suppositions in the hope that we shall learn
from our mistakes. If we do not want to end up in the epistemological quagmire of relativism or scepticism, fallibilism is our only option. Secondly, the
absence of a priori norms and infallible methods does not mean that we cannot
learn along the way which procedures yield satisfactory results and which
procedures do not. Without the benefit of a secure epistemological foundation
we are still able to assess and, if necessary, to adjust our epistemic criteria as
our knowledge develops. We may compare this process of epistemic
bootstrapping with a cumulative selection mechanism in which successful
epistemic variants are carefully retained and handed over to future generations
of scientists. In short, we may have no everlasting and immutable criteria for
arriving at valid beliefs, but a naturalized epistemology still offers the possibility of learning from successes and mistakes. So in a naturalized epistemology the normative element is still present, albeit not fixed once and for
all but rather in a continuous flux.
I believe I have demonstrated that critics are mistaken in suggesting that
naturalized epistemology fails to address the central issues of 'true' epistemology. The fact that the Cartesian Quest and the foundationalist programme
turned out to be obsolete does not imply that epistemology is dead altogether.
It only means that the epistemological setting has changed. Philosophy, in the
naturalist's perspective, is continuous with natural science but not completely
identical to it. So a naturalistic framework leaves plenty of room for genuine
epistemological considerations, albeit no a priori or transcendental ones.15
Epistemology naturalized is no longer concerned with the abstract investigation
of absolute truth or ultimate certainty but rather with the concrete analysis and
15
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evaluation of actual knowledge processes. No theory of knowledge, descriptive
or normative, will have any significance without a proper understanding of
how the cognitive faculties in animals and man function and why they
originated during evolution. Moreover, I believe that natural science can tell
us something about the reliability and inborn expectations, inferences, and
shortcomings of animal and human knowledge. Of course, such an approach
will not satisfy the Humean sceptic. But then again, what does? One should
bear in mind that naturalized and evolutionary epistemologies are not intended
to answer the sceptic's questions. Let me close the present paragraph by citing
Quine (1975):
Epistemology is best looked upon, then, as an enterprise within
natural science. Cartesian doubt is not the way to begin. Retaining our
present beliefs about nature, we can still ask how we can have arrived
at them. Science tells us that our only source of information about the
external world is through the impact of light rays and molecules upon
our sensory surfaces. Stimulated in these ways, we somehow evolve
an elaborate and useful science. How do we do this, and why does the
resulting science work so well? These are genuine questions, and no
feigning doubt is needed to appreciate them. They are scientific
questions about a species of primates, and they are open to investigation in natural science, the very science whose acquisition is being
investigated. (1975, 68)

5. Progenitors of evolutionary epistemology
So what makes naturalized and especially evolutionary epistemology innovative is that, for the first time, it takes Darwin's influence on philosophy
really seriously. To be sure, such an evolutionary approach is not completely
unprecedented. Already in the second half of the 19th century, several
evolutionists began to study human nature from a Darwinian perspective. For
instance, Thomas Henry 'the Bulldog' Huxley, Darwin's closest friend and
ally, argued in his Evidence as to Man's Place in Nature (1863) that humans
must have evolved from an ape-like ancestor, thereby challenging the received
anthropocentric view of many philosophers and theologians. In the Origin,
Darwin himself had carefully avoided the controversy about human evolution.
It was not until his Bulldog had eliminated most of the Victorian resistance
and aversion against the idea of human evolution that Darwin dared to take up
the subject in The Descent of Man (1871).
More importantly, Darwin's Bulldog also paved the way for an
evolutionary account of scientific and conceptual change. In 1880, Huxley
delivered a lecture at the Royal Institution in which he explored the analogy
18
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between organic evolution and scientific change. Both processes, he argued,
are basically similar because biological evolution as well as scientific change
are propelled by the same mechanisms, to wit: competition and selection.
Anticipating the views of contemporary evolutionary epistemologists like
Popper and Rescher, Huxley stated:
The struggle for existence holds as much in the intellectual as in the
physical world. A theory is a species of thinking, and its right to exist
is coextensive with its power of resisting extinction by its rivals.
(1880, 15)
Huxley knew all too well what he was talking about because it was his
arduous task to explicate and defend Darwin's theory of natural selection in
public lectures and scientific meetings. One such encounter took place in the
summer of I860 when Huxley had, a now legendary, debate with the bishop
of Oxford, Samuel 'Soapy Sam' Wilberforce. After Wilberforce had ridiculed
Darwin's ideas at length, he put his famous sarcastic question to Huxley: was
it through his grandfather or his grandmother that he claimed descent from an
ape? Huxley quick-wittedly responded that he would feel no shame in having
an ape as an ancestor, but that he would be ashamed of a man who used his
oratory skills to obscure the truth.16 Thanks to Huxley's fearlessness and gifts
for rhetoric, the theory of evolution became rapidly accepted in British
academic circles as a major scientific discovery.
Finally, in The Descent of Man (1871) and The Expression of the
Emotions in Man and Animals (1872), Darwin himself contemplated the
possible implications of his discovery of natural selection for human mental
phenomena like self-consciousness, language and morality. Darwin thus
founded what may be called an evolutionary psychology, i.e., an evolutionary
account of the human mind and man's mental capacities. In the same way as
evolution through natural selection had shaped the multifarious adaptive traits
of plants and animals, like the specialized beaks of the Galapagos' finches,
human mental capacities too must have been the result of biological evolution
and adaptive specialization.
But the roots of evolutionary epistemology go even further back. For
instance, in pre-Darwinian days, the evolutionist Herbert Spencer tried to
draw links between organic change on the one hand and the development of
culture and science on the other. As a true Victorian optimist Spencer argued
that in the organic realm, and indeed everywhere else, we can discern a 'Law
of Progress'. This all-encompassing law, he believed, takes the form of
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complexity arising from simplicity, or as Spencer himself put it:
'heterogeneity arising from homogeneity."7 In the same way as organic
forms continuously evolve into diverse, more complex forms, there also is
progress from simple to complex in other spheres, including the realm of
science. Indeed, Spencer believed that human history is an extension of
biological evolution, which, in turn is a component of cosmic evolution. In an
essay published in 1857 with the title 'Progress: its Law and Cause', Spencer
asserted in a Heraclitean fashion that everything is part of the one allembracing evolutionary process. All that exists is in a state of becoming.
Spencer even argued that his Law of Progress was closely related to the
Second Law of Thermodynamics in physics. The latter law states that closed
physical systems are constantly moving to a state of equilibrium or increased
entropy. This process may seem antithetic to any talk of progress, but Spencer
thought otherwise. The tendency to move toward stable equilibrium (and the
shift from unstable equilibrium), he argued, is simply the move from
homogeneity to heterogeneity by another name! Static equilibrium or fullblown heterogeneity, Spencer believed, is the final state of the universe.18
But although Spencer may have been right in his claim that science
progresses and that scientific disciplines constantly diverge into more
specialized branches, his peculiar metaphysics was certainly wrong. And so
was his biology. As most contemporary biologists have pointed out, there
seems to be no compelling evidence that organic evolution is progressive, at
least not in the Spencerian sense. For example, it is not always true that
organisms become more complex in evolutionary time. Reversals also occur.
A particular species which is morphologically quite simple and uncomplicated
may be descended from a more complex and highly-differentiated earlier
species. Darwin has taught us that natural selection is opportunistic: if the
simpler will do, then so be it. In Chapter 7 I examine the question whether the
analogy between biological and scientific evolution breaks down on the
progress issue. I argue that biological evolution is progressive in some
particular sense and hence that the analogy between organic and scientific
change can be sustained. I demonstrate that many contemporary biologists
recoil from any talk of 'evolutionary progress' because they often confuse
progress with Divine providence, cosmic goals, and the inevitable preordination of man. I show that evolutionary progress is possible even without
providence, final causes, or the appearance of higher animals. In short, despite
its clear mistakes, Spencer's universal evolutionism is a cornerstone in the
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history of evolutionary thinking and it must be viewed as a decisive step
toward an evolutionary theory of knowledge and scientific change.
Among the precursors of evolutionary epistemology were also physicists
and mathematicians like Ernst Mach, Ludwig Boltzmann, and Henri Poincaré
who anticipated evolutionary epistemology by stressing the striking parallels
between biological and scientific evolution. Both processes, these scientists
argued, seem to involve a wild proliferation of variants followed by selective
retention processes.19 In his Analyse der Empfindungen Mach (1886) even
suggested that, at bottom, biological evolution and scientific development are
identical processes and that science is a literal extension of biological
evolution. Gaining knowledge helps to preserve life. So Mach, like Spencer,
embraced the idea of the completeness or universality of evolution: social,
cultural, and scientific evolution, both men believed, are direct sequels of
biological evolution. I will return to Mach's views in Chapter 2. I argue that
Mach was mistaken in suggesting that culture and science ultimately are
instances of biological evolution. To my mind cultural and scientific change
must be viewed as evolutionary processes in their own right.
The American philosopher and psychologist William James also counts
as a forerunner of evolutionary epistemology. In his early writings, James
defended a biologically inspired selectionist model of cultural and scientific
change. For instance, in an essay published in 1880 James writes:
A remarkable parallel, which to my knowledge has never been
noticed, obtains between the facts of social evolution and the mental
growth of the race, on the one hand, and of zoological evolution, as
expounded by Mr Darwin, on the other. (1880, 454)
Like Т.Н. Huxley, James is one of the first philosophers who explicitly uses
an evolutionary analogy to characterize conceptual and scientific change. He is
also explicit in his defence of Darwinian selection rather than Lamarckian
instruction. In the first half of the 18th century the great French evolutionist
Jean Baptist de Lamarck had argued that traits and habits of organisms can be
altered in lawlike ways by pressure from the environment. Traits and habits
thus acquired by individuals are then transmitted to their offspring by
hereditary means. Lamarckian evolution is controlled by direct instruction
from the environment: new anatomical or behavioural features are spon-
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Emst Mach, Herbert Spencer, James Mark Baldwin, and Ludwig Boltzmann.
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taneously generated to anticipate the specific needs of a particular population
of organisms. Darwinian evolution, by contrast, emphasizes that novel features
of organisms are generated through random variation and subsequent natural
selection. Mutations are not directed in the sense that they anticipate specific
needs of animals: natural selection is needed to produce adaptations. Furthermore, neo-Darwinian evolutionary theory departs from the Lamarckian idea
that acquired characters can be genetically transmitted because the germ cells
remain unaltered during the organism's lifetime. I will return to this issue in
Chapter 6.
So according to James' Darwinian model of conceptual change, new
ideas are generated randomly and a process analogous to natural selection
subsequently retains the successful ones. In his essay James expound:
[N]ew conceptions, emotions, and active tendencies which evolve are
originally produced in the shape of random images, fancies, accidental
outbursts of spontaneous variation in the functional activity of the
excessively unstable human brain, which the outer environment simply
confirms or refutes, adopts or rejects, preserves or destroys - selects,
in short, just as it selects morphological and social variations due to
molecular accidents of an analogous sort. [...] But the important thing
to notice is that the good flashes and the bad flashes, the triumphant
hypotheses and the absurd conceits, are on an exact equality in respect
of their origin. (1880, 455-456. Italics in original.)20
The two other great pragmatiste, C S . Peirce and John Dewey, also
were influenced by Darwinian theory during some period of their intellectual
lives. Peirce for instance was thoroughly familiar with the concept of natural
selection and he recognized it as Darwin's central contribution. Peirce also
seems to acknowledge the parallel between biological evolution and scientific
change. In 1896 he stated:
The evolutionary theory in general throws great light upon history and
especially upon the history of science - both its public history and the
account of its development in an individual intellect. As great a light
is thrown upon the history of evolution in general by the evolution of
history, especially that of science - whether public or private. {Coll.
Papers V, 589)
In some of his writings, Peirce argues that we are adjusted to our natural
environment and that science is rooted in natural instincts. He once wrote that
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Henry Plotkin 1994, pp. 63-64.
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'Man's mind has a natural adaptation to imagining correct theories.'21 But it
should be noted that Peirce is also ambivalent on these issues. As often in
Peirce's writings, statements such as the ones above are contradicted and
overshadowed by other, incompatible statements. It is probably true that, in
the end, Peirce was no Darwinian thinker at all. But nevertheless, the fact that
- at least in some of his writings - he has pondered on the relations between
biological evolution and human cognition makes Peirce a forerunner of
evolutionary epistemology. I will address Peirce's philosophy of science in
greater detail in Chapter 4.
John Dewey is much more straightforward than Peirce. Especially in
his The Influence of Darwin on Philosophy (1910), Dewey clearly is unreserved in his proclamation that evolutionary theory is going to have a major
impact on any future philosophy. Dewey writes:
Old ideas give way slowly; for they are more than abstract logical
forms and categories. They are habits, predispositions, deeply
engrained attitudes of aversion and preference. [...] We do not solve
them: we get over them. Old questions are solved by disappearing,
evaporating, while new questions corresponding to the changed
attitude of endeavor and preference take their place. Doubtless the
greatest dissolvent in contemporary thought of old questions, the
greatest precipitant of new methods, new intentions, new problems, is
the one effected by the scientific revolution that found its climax in
the Origin of Species. (1910, 19)
6. A new philosophy of biology
Still, all the earlier attempts to draw links between biological evolution and
epistemology remained half-hearted, or at best, incomplete. One can think of
several reasons for this incompleteness. First and foremost, one should bear in
mind that at the end of the 19th and the beginning of the 20th century,
evolutionary biology itself was still incomplete. As a consequence, much
biology was still permeated by vitalist thinking. Following the line of thought
proposed by philosophers and scientists like Pierre Teilhard de Chardin, Henri
Bergson, Jakob von Uexküll, Hans Driesch and others, many biologists
believed that all organisms possess a mysterious, immaterial entelechy or 'life
force' and that organic evolution is impelled by a vital impetus or élan vital
which drives life to an ultimate goal. It was only after the so-called 'Modem
21
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Synthesis' (a name coined by Julian Huxley in 1942) that the theory of
evolution became a very powerful tool for understanding the gradual changes
in the organic world.22 During the interbellum period, biologists like Sewall
Wright, Ronald Aylmer Fisher, J.B.S. Haldane, Ernst Mayr, George Gaylord
Simpson and Theodosius Dobzhansky had successfully merged Darwin's
theory of natural selection with Gregor Mendel's theory of genetic inheritance.
With the unification of the two theories, a new synthesis emerged which we
now call 'neo-Darwinism'. Another important milestone, which abruptly
resolved the debate between mechanicists and vitalists in favour of the former,
was the discovery of the double helix by Francis Crick and James Watson in
1953. With the molecular structure of DNA made clear, its functional properties were steadily revealed by further bio-chemical research. I return to these
important events in later Chapters where I focus on the alleged similarities and
dissimilarities between biological and scientific evolution. In addition, I
demonstrate that the idea of evolution applies to itself: Darwinism, like any
other dynamic scientific discipline, evolves. Following Stephen Toulmin and
David Hull, I argue that a scientific discipline must be viewed as a population
of ideas, methods, and procedures, etc., which gradually transforms without
losing its individuality and coherence. Despite all fundamental changes they
may undergo, what gives scientific disciplines their necessary cohesiveness are
genealogical links: the various stages of a discipline's history are related by
descent.
A second reason why the earlier attempts to draw links between biology
and epistemology remained unsatisfactory was that the philosophical climate of
the late 19th and early 20th century simply was not the appropriate setting for
any naturalized theory of knowledge to prosper. Philosophers and scientists
sympathetic to the programme, like James, Mach, Dewey and others only
constituted a minority. Many philosophers during that period were still highly
influenced by the legacy of Kant, Hegel, and other brands of idealism. Other
philosophers, especially those of the newly emerging analytic school which
dismissed the Kantian and neo-Kantian heritage, showed an interest in natural
science, but they still believed that epistemology should confine itself to the
logical analysis and the philosophical foundations of science. They argued that
epistemology is prior to and more fundamental than science. As I
demonstrated in § 2, advocates of the analytic school like Russell, Wittgenstein, and the members of the Vienna Circle thus were concerned with
questions about the ultimate basis of knowledge and the logic of science. In
his Tractatus, Wittgenstein for instance bluntly says that 'Darwin's theory has
no more to do with philosophy than any other hypothesis in natural
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science.'23 The philosophical mood eventually changed when more and more
philosophers grew convinced of the idea that epistemology and science are on
a par. The demise of logical positivism and the writings of Quine finally
challenged the traditional belief that epistemology is prior to and more fundamental than science. The ensuing naturalistic turn at last provided the right
philosophical setting for a successful joint venture between epistemology and
science. Evolutionary epistemology, you will recall, is one of the disciplines
within the framework of a naturalized theory of knowledge.
A third reason why earlier attempts to study knowledge processes from
an evolutionary point of view were not wholly adequate was that, from way
back, there always has been little or no interplay between biologists and
philosophers. The members of each discipline remained within their own
narrow boundaries, thereby ruling out the possibility of successful cross-fertilization. As I mentioned in § 1, for a long time the science of biology was
not among the philosopher's favourite interests. Many philosophers of science
were trained in physics, mathematics, and astronomy, yet they kept a blind
spot for biology. But also vice versa: even today many biologists still have
little interest in philosophical questions. Fortunately there are exceptions. In
the last few decades there clearly is a growing interest in philosophical issues
related to the biological sciences. There also is an increasing number of
philosophers who are trained in biology and biologists who are trained in
philosophy. This broadened outlook has definitely paid off. It even set the
stage for a completely new discipline - the philosophy of biology. For
instance, Michael Ruse's (1973) The Philosophy of Biology, David Hull's
(1974a) Philosophy of Biological Science, Alexander Rosenberg's (1985) The
Structure of Biological Science, and the anthology Conceptual Issues in
Evolutionary Biology edited by Elliot Sober (1984) were among the first text
books in which contemporary biology and Darwinian evolution were treated
from a philosophical perspective. As a happy result the subject has deepened
on several fronts: we now witness an ever-increasing number of students and
scholars occupied with such diverse issues as functional and teleological
explanation, fitness and adaptation, essentialism versus population thinking,
the units of selection, ethics and sociobiology, reductionism in genetics and
molecular biology, and, last but not least, cultural evolution and evolutionary
epistemology.
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7. Two guises of evolutionary epistemology
So at last the climate has changed. The obstacles which have frustrated a
fruitful cross-fertilization finally have disappeared and for the first time in the
history of philosophy and the history of biology there is a shared interest in
topics which previously were treated as belonging either to philosophy or to
biology. This also means that, for the first time, we have the unique opportunity to link philosophical questions about human and animal knowledge with
the relevant biological causes and preconditions of knowledge gaining. But
before I plunge into these intricate matters, let me first explicate what contemporary evolutionary epistemology is and, perhaps more importantly, what it is
not, because much too often evolutionary epistemologists have been criticized
for defending claims they never held.
Stated in general terms one could say that evolutionary epistemology is
a philosophical-scientific enterprise which tries to draw links between
biological evolution and human knowledge. However, it should be stressed
that contemporary evolutionary epistemology comes in two different guises,
and although these two disciplines are closely related and sometimes even
intermingled, it still is helpful to make a distinction between (i) an
evolutionary account of cognitive mechanisms of animals and man, and (ii) an
evolutionary account of scientific change. So both programmes are concerned
with the extrapolation of evolutionary theory to the realm of knowledge, but
whereas the first branch of evolutionary epistemology is a direct extension of
Darwinian principles to the domain of knowledge, the second branch is an
indirect or analogical extension of such principles. The apparent contrast
between the two branches of evolutionary epistemology has in fact been
recognized only recently. The philosopher Michael Bradie (1986) first made
the distinction explicit in a brief but eminent survey on evolutionary epistemology. Bradie calls the first programme 'Evolutionary Epistemology of
Cognitive Mechanisms' (EEM for short), and the second programme he labels
'Evolutionary Epistemology of Theories' (EET for short). Bradie defines these
two enterprises as follows:
There are two interrelated but distinct programs which go by the name
'evolutionary epistemology'. One is the attempt to account for the
characteristics of cognitive mechanisms in animals and humans by a
straightforward extension of the biological theory of evolution to those
aspects or traits of animals which are the biological substrates of
cognitive activity, e.g., their brains, sensory systems, motor systems,
etc. The other program attempts to account for the evolution of ideas,
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scientific theories and culture in general by using models and
metaphors drawn from evolutionary biology. (1986, 403)24
In former days, the two programmes were not recognized as separate
enterprises and as a result they were frequently intermingled and treated as
one encompassing theory. Karl Popper (1972) and Donald T. Campbell
(1974a), for instance, suggest that both programmes are sufficiently related to
be placed in one general framework.
However, things started to change when evolutionary epistemology
crystallized out: some evolutionary epistemologists no longer supported both
programmes. Instead, they began to focus either on an evolutionary account of
cognitive devices found in animals and man, or on an evolutionary account of
scientific change. David Hull (1988b) and Edward Stein & Peter Lipton
(1989), for instance, only support the latter programme, whereas Michael
Ruse (1986) and Franz Wuketits (1990) believe that only the former
programme bears promises for the future. To be sure, today many
evolutionary epistemologists still embrace both programmes. For example, in
recent works of Nicholas Rescher (1990), Peter Munz (1993), and Henry
Plotkin (1994), the two programmes are not treated separately, i.e., they
believe that one programme follows naturally from the other and vice versa.
24

See also: M. Bradie 1989; 1990; 1994. Edward Stein 1992. The distinction
between the two branches of evolutionary epistemology is also made explicit by
Erhard Oeser 1987 (in German). However, not all evolutionary epistemologists
subscribe to Bradie's distinction. Kai Hahlweg & Clifford A. Hooker (1989, p. 23),
for instance, call the idea that there are two distinct programmes within evolutionary
epistemology a 'misleading bifurcation'. They believe that the two evolutionary
modes (i.e., biological evolution and cultural-scientific evolution) 'must be
understood as developing together in a single process.' Within this continuum,
Hooker (1989, pp. 101-105) thinks, one can distinguish six positions with respect to
the strength of the biological-cognitive relationship. The weakest and least controversial position is the claim that the functions of cognition and perception have
developed through a Darwinian evolutionary process. The strongest position, which I
consider to be false, takes the line that cultural and scientific evolution are literal
extensions of biological evolution. To be sure, I agree with Hahlweg & Hooker and
others insofar as that I too believe that, ultimately, there may be only one universal
evolutionary algorithm. But because it is clear that this algorithm can operate in
completely different domains (e.g., a biological-genetic medium and a culturalscientific medium), I think that it is still necessary to make a clear-cut distinction
between an evolutionary account of cognitive mechanisms (natural selection modelling our cognitive apparatus) and an evolutionary account of scientific change (a
process analogous to natural selection but operating at a higher level). Put differently, our cognitive apparatus is the result of biological evolution, but science is
largely uncoupled from biological needs.

27

Chapter 1
Admittedly, the exact boundaries between the two kinds of evolutionary
epistemology are perhaps somewhat fuzzy, but nevertheless, I think that it is
helpful to use Bradie's distinction between an evolutionary account of cognitive mechanisms and an evolutionary account of scientific change. For if one
fails to do so, one can easily cause confusion. Moreover, without careful and
precise characterizations of which type of evolutionary epistemology one
wishes to address, one is prone to oversimplification and caricature. In the
next Chapter, I address the two branches of evolutionary epistemology in
detail. I also discuss two examples of critics of evolutionary epistemology who
clearly fail to make the necessary distinctions. But it should be kept in mind
that although evolutionary epistemology comes in two different guises which
have their own raison d'être, they derive their impetus from the same general
Darwinian idea: evolution is a variation-selection-and-transmission process.
First let me summarize the main conclusions of the present Chapter.
Summary
Biology and particularly evolutionary biology have long been neglected by
philosophers. Many thinkers simply rejected Darwin's theory on ground of its
alleged untestable character. In recent decades, however, one can discern a
growing interest in the philosophical intricacies and implications of Darwinian
theory. Unfortunately, many philosophers still remain sceptical about
evolutionary accounts of human knowledge, or indeed any empirical approach
to epistemological questions. They argue that epistemology is an autonomous
discipline which is prior to and hence more fundamental than the sciences.
Yet, following Quine and others, I believe that epistemology should be
naturalized, i.e., epistemologists should join forces with the natural sciences
rather than turn away from them. Because the foundationalist programme and
the Cartesian quest for certainty have turned out to be obsolete, a novel and
less presumptuous approach to epistemology is needed. The two main objections against naturalized epistemology are: its putative circularity and its
neglect of normative elements. It is true that naturalized epistemology is
circular, but it is in no sense a vicious circularity. Hence we may compare
naturalized epistemology rather with a open-ended spiral or feedback loop in
which we constantly evaluate our theories, procedures and methodologies in
the light of new experience. In such a process normative elements still are
present, albeit not in the outdated sense that there are fundamental and
everlasting epistemic norms to be discovered prior to any scientific practice.
We have no choice but to learn which procedures and methods are reliable
while doing science. This means that naturalized epistemology is closely
related to fallibilism.
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Evolutionary epistemology is a philosophical-scientific enterprise within
the framework of naturalized epistemology. In the footsteps of Herbert
Spencer, Thomas Huxley, John Dewey and other progenitors, contemporary
evolutionary epistemologists try to draw links between evolutionary biology
and various cognitive processes found in animals and man. The first approach
is the attempt to draw a direct link between biological evolution and the
physiological substrates of cognition. The second approach is the attempt to
draw an indirect link or analogy between biological evolution and scientific
change.

29

Chapter 2
The Machian Fallacy

The origin of cognitive mechanisms
8. The phytogeny of knowledge
The first programme within evolutionary epistemology, with representatives
like the ethologist and Nobel laureate Konrad Lorenz (1941; 1977), the
philosopher-physicist Gerhard Vollmer (1975; 1984), and the philosopher of
biology Michael Ruse (1986), is a straightforward extension of evolutionary
theory to the domain of human and animal knowledge. It is not concerned, as
is the second branch of evolutionary epistemology, with the parallels between
biological evolution and scientific change. Rather, the first programme is
concerned with the study of the genetical and biological substrate of human
and animal knowledge. Put differently, the first branch within evolutionary
epistemology studies all those innate and genetically specified brain and
sensory mechanisms which together constitute the biological basis of
knowledge. In this manner, the first branch is closely allied to such enterprises
as ethology, neurophysiology, cognitive psychology and last but not least,
evolutionary biology.
The first branch of evolutionary epistemology originally stems from the
Austrian school of evolutionary epistemology founded by Lorenz. ' Already in
1941, in the midst of Hitler's Blitzkrieg, Lorenz published a paper with the
title 'Kants Lehre vom Apriorischen im Lichte gegenwärtige Biologie.' This
essay stands as the foundation of the new Darwinian approach to epistemologica! questions. Unfortunately, Lorenz' seminal paper remained largely
unknown for many years, especially among Anglo-Saxon philosophers and it
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As Franz Wuketits 1990, p. 214 (endnote 2) points out, the Vienna tradition of
evolutionary epistemology (not to be confused with the Vienna Circle of logical
positivists) was founded by the physicists Ernst Mach and Ludwig Boltzmann. This
tradition was continued by Konrad Lorenz and Karl Popper, who both were affiliated with the University of Vienna for a time. Lorenz, as a ethologist, has mainly
focussed on the biological substrate of human and animal knowledge, whereas
Popper, as a philosopher of science, was interested in the parallels between
biological evolution and scientific change. Now the Vienna school of evolutionary
epistemology is represented by philosophers and scientists like Erhard Oeser, Rupert
Riedl, Günter Wagner, and Franz Wuketits.
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was not until the 1960s and 1970s that several other Austrian philosophers and
biologists joined Lorenz in his attempt to elucidate epistemological issues
through biological research. Lorenz paper is mainly concerned with the a
priori, i.e., our forms of perception and categories of thought. By arguing
both against the empiricism of David Hume and the transcendental idealism of
Immanuel Kant, Lorenz paved the way for a new evolutionary approach to
epistemology and metaphysics. Even today many philosophers are struck by
Lorenz' bold and innovative ideas.2 With regard to the empiricist's doctrine
that our concepts and categories ultimately must depend upon experience,
Lorenz (1941) writes:
Most certainly Hume was wrong when he wanted to derive all that is
a priori from that which the senses supply to experience. [...] Adaptation of the a priori to the real world has no more originated from
'experience' than has adaptation of the fin of the fish to the properties
of water. Just as the form of the fin is given a priori, prior to any
individual coping of the young fish with the water, and just as it is
this form that makes possible this coping: so is it also the case with
our forms of perception and categories in their relationship to our
coping with the real external world by means of experience. (Quoted
from the English translation: 1982, 125)
Kant, for his part, rightly recognized that we possess a priori
knowledge, but Lorenz argues that Kant pushed his transcendental idealism too
far by claiming that the knowable world necessarily conforms to our representation and that the noumenal world of things-in-themselves is forever beyond
our ken. Furthermore, Kant left the origin of the a priori entirely unexplained.
When in Kant's system the transcendental deduction of pure categories has
been established, we have reached bedrock: nothing more can be said. So
Lorenz believes that Kant's doctrine too has to be reinterpreted in the light of
biological evolution. The real relationship between the noumenal world and
the specific a priori form of its appearance is determined by the fact that our
basic categories and modes of perception have developed as an adaptation to
the regularities of the things-in-themselves. The match between our innate
2

Interestingly, Lorenz himself considered his writings on epistemology more
important than his contributions to ethology for which he, together with the Dutch
and Austrian ethologists Niko Tinbergen and Karl von Frisch, received the Nobel
prize in 1973. In an interview Lorenz somewhat ironically remarked: 'Like my
friend Goethe, my foe-friend Goethe, who was silly enough to rate his theory of
colours the very best he had ever written, I judge my epistemological writings as
much more important than ethology for which I was awarded the Nobel prize.' (Cf.
G. Vollmer 1992, p. 162.)
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categories and forms of perception on the one hand and the noumenal world
on the other is caused by natural selection during the evolutionary history of
humankind. Lorenz states:
Our categories of perception, fixed prior to individual experience, are
adapted to the external world for exactly the same reasons as the hoof
of the horse is already adapted to the ground of the steppe before the
horse is born and the fin of the fish is adapted to the water before the
fish hatches. No sensible person believes that in any of these cases the
form of the organ 'prescribes' its properties to the object. To
everyone it is self-evident that water possesses its properties indepen
dently of whether the fins of the fish are biologically adapted to these
properties or not. Quite evidently some properties of the thing-in-itself
which is at the bottom of the phenomenon 'water' have led to the
specific form of adaptation of the fins which have been evolved
independently of one another by fishes, reptiles, birds, mammals,
cephalopods, snails, crayfish, arrow worms, etc. It is obviously the
properties of water that have prescribed to these different organisms
the corresponding form and function of their organ of locomotion. But
when reckoning in regard to structure and mode of function of his
own brain, the transcendental philosopher assumes something fun
damentally different. (o.e., 124-125)
The animal and human brain with all of its inborn expectations and
intuitions is, just like any other organ, the result of biological evolution
through natural selection and this means that the individual a priori is in some
real sense a posteriori from an evolutionary point of view. The philosopher
Rupert Riedl (1977, 367) for instance says that 'the prerequisites of human
thinking, though a priori for each individual in the sense of Kant, are a
posteriori for the chain of his pedigree.' Likewise, the philosopher Hans Mohr
(1977, 198) argues that 'the seemingly inexplicable a priori knowledge of the
individual is actually a posteriori knowledge about the world, laid down in the
peculiar nucleotide sequence of the DNA in our genes.' 3
If seen in the right evolutionary perspective, Kant's categories also lose
their necessary, unfailing, and immutable character. That is, the a priori
3

Cf. J. Monod 1971, pp. 138-158. G. Vollmer 1975. К. Lorenz 1977. F. Wuketits
1987; 1990. Wilhelm Lütterfelds (Ed.) 1987. Monod (o.e., p. 154) writes: 'It is
perfectly true that in living beings everything, including genetic innateness, comes
from experience, whether it be the stereotyped behavior of bees or the innate
framework of human cognition. Everything comes from experience; yet not from
ongoing current experience, reiterated by each individual with each new generation,
but instead, from the experience accumulated by the entire ancestry of the species
over the course of its evolution.'
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principles and intuitions applied in experience are moulded by natural selection, which means that they are neither necessary nor infallible nor immutable.
A priori intuitions about space, time and causality are merely 'working
hypotheses', designed and hence adequate for everyday purposes only. As a
consequence these working hypotheses may well lose their applicability outside
the realm of everyday experience of middle-sized objects, as in the case of
elementary physics and astronomy. More recently, Lorenz (1977) writes:
The 'spectacles' of our modes of thought and perception, such as
causality, substance, quality, time and place, are functions of a neurosensory organization that has evolved in the service of survival. When
we look through these 'spectacles', therefore, we do not see, as
transcendental idealists assume, some unpredictable distortion of
reality which does not correspond in the least with things as they
really are, and therefore cannot be regarded as an image of the outer
world. What we experience is indeed a real image of reality - albeit
an extremely simple one, only just sufficing for our own practical
purposes; we have developed 'organs' only for these aspects of reality
of which, in the interest of survival, it was imperative for our species
to take account, so that selection pressure produced this particular
cognitive apparatus. (1977, 7)
That our brains and sensory apparatus are adjusted to the world also
means that, under normal conditions, our knowledge has to be relatively
accurate and trustworthy. After all, the world is a dangerous place full of
overt and hidden threats. You do not have to make a safari trip in Kenia or
Tanzania to acknowledge this point. Our modern, civilized world is perhaps
no less perilous than the environment our early ancestors inhabited. Admittedly, in most parts of the world we no longer have to fear the danger of
predators and scavengers, but we still put our life at risk every time we
embark on the motorway or every time we cross the street. You only have to
look at the annual statistics of victims of traffic accidents in any randomly
chosen country to realize that life still is, and probably always will be, a risky
business. (Coincidentally, the Dutch Ministry of Transport recently started a
campaign which stressed the importance for car users to pay a regular visit to
the optician. Detailed investigations had shown that poor vision is one of the
main causes of traffic accidents. On large billboards car users were alerted to
this danger by the slogan: SEEING IS SURVIVING.)
The point is obvious: animals and humans, indeed all organism which
move around, simply do not survive without a fairly reliable representation of
what goes on in the world. This particular correspondence between an organism and its environment is a consequence of biological evolution through
natural selection. Of course, nobody is claiming that this correspondence is
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perfect or that the image of the world which animals and humans possess is
infallible. Still, the cognitive apparatus has to be functional and hence pretty
accurate in everyday situations. Without a fairly accurate representation of the
world, animals and humans could not have survived and reproduced. As Quine
(1969b) puts it aptly:
There is some encouragement in Darwin. If people's innate spacing of
qualities is a gene-linked trait, then the spacing that has made for the
most successful inductions will have tended to predominate through
natural selection. Creatures inveterately wrong in their inductions have
a pathetic but praiseworthy tendency to die before reproducing their
kind. (1969b, 126)
Similarly, Quine (1975) argues that our innate expectations and inferences are
modelled through natural selection - in this way we are able to respond to
regularities which occur in the specific environment we inhabit. Quine calls
these inborn expectations and inferences 'similarity standards' or 'similarity
groupings'. Why, he asks, should our similarity groupings tend to fit world
trends in such a way as to favour our expectations?
An answer is offered by Darwin's theory of natural selection. Individuals whose similarity groupings conduce largely to true expectations have a good chance of finding food and avoiding predators,
and so a good chance of living to reproduce their kind. (1975, 70)
The animal's representation or image of the world may be relatively
simple and direct as in the case of the Paramecium which makes use of a
chemoreceptor in order to discern nourishing from nonnourishing and lethal
surroundings. In higher animals such as the vertebrates, on the other hand, the
representation can be rather complex and elaborate because the brain and
central nervous system have to decode and translate all the sensory input into a
seemingly direct image of the environment. Moreover, even within this
relatively small group of higher animals, there are many and various detecting
and processing techniques, everyone of which is carefully tailored to the
specific conditions of a particular habitat. Think for instance of bats and
whales who use echolocation and sonar, or consider the use of the infrared
spectrum by reptiles and the ultraviolet spectrum by insects, or migrating birds
which presumably exploit the earth's magnetic field, etc. In short, a cognitive
device is an organ just as any other organ: through evolution these devices
have been moulded to function in a particular environment. Cognitive devices
have evolved in order to supply the animal with vital information about the
world.
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9. Adaptation as a knowledge-gaining process
Some Lorenzian evolutionary epistemologists go one step further. They argue
that we should not only confine ourselves to the biological substrate of
cognitive faculties. Rather, we should pay attention to all adaptations because
adaptations, by definition, reflect knowledge about the world. The white fur
and blubber of the polar bear are illustrative examples. The white fur is a
necessary camouflage for hunting seals and thick layers of fat insulate the
animal against the harsh arctic environment. Lorenz, we have seen, gives
examples such as the horse's hoof which reflects knowledge about the steppe
and the shape of the fish and other aquatic animals which reflects
hydrodynamic principles, etc.
I therefore believe that our concept of knowledge should be broadened:
all instances of adaptive evolution are instances in which knowledge has been
gained. If we define 'knowledge' as: 'a process in which information about the
world is gained and stored in a particular carrier', adaptive evolution counts as
knowledge. After all, the gene pool of any particular population of organisms
contains vital information about the many aspects of the environment. This
information has been painstakingly accumulated by successive generations of
organisms during millions of years of evolution through natural selection. In
sum, adaptive evolution is an information-gathering process in itself. The
philosopher W.W. Bartley (1987) puts it as follows:
Evolution is a process in which information regarding the environment
is literally incorporated, incarnated, in surviving organisms through
the process of adaptation. Adaptation is an increment of knowledge.
(1987, 23. Italics in original.)
I believe that this also means that we should disconnect the concept of
knowledge from anthropocentric connotations like language, representation,
and truth. Knowledge properly (i.e., evolutionary) understood is any process
in which information about the world has been accumulated, stored, and used
for a certain purpose or function. Adaptation is such a process, but it neither
involves language, nor representation, nor truth. For instance, it would be
inappropriate to say that a particular adaptation (e.g., the polar bear's white
fur) is true or false.
Nevertheless, I believe that we can still employ the notion of correspondence, albeit not in the traditional anthropocentric sense according to which
thought and language 'mirror' the world. As the philosopher Alvin Goldman
(1986, 151-156) rightly argues, the mirror metaphor is only one possible
metaphor for correspondence. A different and preferable metaphor for
correspondence is fittingness: the sense in which clothes fit a body (not to be
confused with fitness). The question whether a dress, a jacket, or a pair of
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tennis shoes fit or not, to some extent depends on fashion or style, but it also
depends on whether they fit the contours of a particular wearer's body. Fittingness is a weaker variant of correspondence, but it still captures the basic
realist intuition that the conditions of fittingness (partly) depend on the
properties of a precategorized world. Although Goldman is not explicitly
concerned with evolutionary epistemology, I believe that his fittingness
metaphor perfectly captures the idea that adaptive evolution is a knowledgegaining process. We cannot say that a particular adaptation is true or false but we can say that an adaptation fits or matches an environment.
So one should keep in mind that the first branch of evolutionary
epistemology not only pertains to the biological and evolutionary origins of
cognitive dispositions but also to the phenomenon of adaptation itself. The idea
that biological evolution is a knowledge-acquisition process is also the link
between the two kinds of evolutionary epistemology. The second brand of
evolutionary epistemology proclaims that biological evolution, individual
learning and scientific development are but instances of a much larger
spectrum of knowledge-gathering processes: all instances of increased fit
between a carrier and the world are caused by the same Darwinian principles.
The philosopher Peter Munz (1993, passim) for instance has argued that
organisms should be viewed as 'embodied theories', whereas scientific theories
should be labelled as 'disembodied organisms'. Both embodied theories and
disembodied organisms are theories about their environment. They store
hypothetical knowledge about their environments in the form of information
about regularities.4
10. Realism of the common man
More recently, Michael Ruse (1986; 1989b) has supplemented the first branch
of evolutionary epistemology with sociobiological theory. Ruse for instance
employs Charles J. Lumsden & Edward O. Wilson's (1981, 370) notion of an
epigenetic rule. An epigenetic rule may be defined as a constraint on some
facets of ontogenetic development, having its origin in evolutionary needs and
channelling the way in which animals and humans think and act. Epigenetic
rules are ultimately genetic in basis in the sense that their particular nature
depends on the DNA developmental blueprint. In cognitive development the
epigenetic rules channel the processes of perception, learning and reasoning
amongst others. In short, epigenetic rules are dispositions rooted in our
biology which guide and mould our basic modes of thought and perception.

4

See also: H. Plotkin 1994.
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What are these basic modes of thought? Ruse (1986, 148 ff.) provides
examples such as elementary deductive, inductive, and abductive reasoning,
basic arithmetic, algebra, geometry, and reasoning about causality, etc. He
argues that these various modes of reasoning are burned into the thinking
processes of every mature normal human being. There is for instance growing
realization that elementary logic and mathematics are universal among human
populations, despite the many cultural differences we may encounter. But why
should elementary logic and mathematics be endowed to us by evolution?
Well, the answer should not be surprising. Consider the harsh conditions with
which our early ancestors had to cope. One easily can imagine lots of
everyday situations in which elementary logical and mathematical reasoning
would be useful. For example, suppose that proto-humans regularly had to
travel across a sunbaked savannah to get to their home base or foraging
grounds. It surely would be sensible to take the distance to be travelled, the
temperature, the position of the sun, the specific conditions of the terrain and
other variables into account. An ability to process or 'calculate' these variables
would immediately pay off. Likewise, suppose that two sabre-toothed tigers
were seen going into a cave. Only one came out. Is the cave now safe? Or
take the law of non-contradiction: a tiger cannot be simultaneously in the cave
and not in the cave. Or suppose that a proto-human finds tiger-like footprints
and blood-stains near a water-hole. Induction, modus ponens and abduction
may well come in handy. If our imaginary proto-human had learned from
earlier experience that tigers are dangerous and if he had reasoned that the
footprints and blood-stains are sufficient evidence for the proximity of tigers,
our proto-human probably would have survived. Not surprisingly, rudimentary
forms of logic and arithmetic are also found among several other species of
higher animals like Corvidea (jackdaws, crows, and ravens), parrots, and of
course monkeys and apes.5
With respect to the selective advantage of logic and mathematics one
might object that there are also alternative formal systems like three-valued
logics, mathematics without the law of excluded middle and non-Euclidean
geometries. Moreover, one could rightly argue that some of these alternative
formal systems are indispensable for modern scientific theories like quantum
mechanics and relativity theory. So they are in a way superior to the classic
systems. However, one should realize that the classic systems are tailored to,
what Vollmer (1984) calls, our 'mesocosmic' section of the world. Man's
innate cognitive abilities are designed to operate in a specific ambient or
environment. As Vollmer (o.e., 87) expounds, our mesocosm (literally: a
world of medium dimensions) 'is that section of the real world we cope with
in perceiving and acting, sensually and motorially.' So the traditional formal
5

Cf. M. Ruse 1986, pp. 162-163.
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systems are satisfactory in everyday situations, just as Newtonian mechanics is
satisfactory as long as the scale is not too large or too small, and as long as
acceleration and gravity remain within certain boundaries, etc.
Paleoanthropological findings indicate that by far the largest part of
human evolution took place on the African savannah where our ancestors had
to cope, among other things, with various predators, scavengers, and com
petition from other species of robust hominoids, the Australopithecines.6 This
chapter of human evolution lasted some four million years and it is only
during the last few centuries that Homo sapiens has begun to expand his view
beyond the familiar world of medium dimensions. The mesocosm, in short,
constitutes a particular cognitive niche (by analogy with the biologist's concept
of an ecological niche) to which our cognitive apparatus has been adjusted
during evolution. So like Lorenz, Ruse believes that our cognitive apparatus
must be relatively trustworthy in everyday situations. But there are no reasons
to assume that our cognitive and sensory devices are perfect or infallible. A
functional reliability under normal conditions suffices. Ruse (1986, 172)
rightly argues that 'natural selection simply does not care about giving us a
meticulously true and comprehensive insight into the nature of things.'
However, when it comes to ontology, Lorenz' and Ruse's paths
separate. Ruse (o.e., 196 ff.) clearly does not fancy Lorenz' commitment to
metaphysical realism. With the philosopher Andrew J. Clark (1986) he
believes that evolutionary epistemologists should not push their claims too far.
Ruse (o.e., 192) thinks that the Darwinian has to be a sceptic with respect to
the ultimate metaphysical questions: 'At root, we cannot claim an ultimate
stable reality, which we know.'7 I agree with Ruse and Clark that we should
drop the obscure Kantian framework with its inexplicable notion of
unknowable things-in-themselves, but I do not believe that we should reject
metaphysical realism altogether.
Ruse's metaphysical scepticism relies heavily on Putnam's (1981) tenet
of 'internal realism', i.e., the view that it makes little sense to hold on to a
precategorized reality independent of conceptual schemes. Putnam believes
that there is no such prestructured world:
Objects' do not exist independently of conceptual schemes. We cut up
the world into objects when we introduce one or another scheme of
description. (1981, 52. Italics in original.)

6

Cf. Robert Foley 1987. Eric A. Smith & Bruce Winterhaider (Eds.) 1992.
See also: M. Ruse 1989a, Chapter 9. Ruse 1989b. Ruse 1990. A.J. Clark 1983.
For a critical comment, see: С Buskes 1993 (in Dutch).
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To my mind Putnam's doctrine of internal realism is unsatisfactory because of
its apparent anthropocentric and constructivist implications: the idea that we
somehow fabricate the world by means of our language, concepts, and
categories. To be sure, Putnam (o.e., 54) admits that the world imposes some
external constraints on our conceptual schemes, but given his internalist
account, nothing can be said about these constraints. At bottom we only have
internal coherence.8 I disagree. Why should the properties of the world
depend on the mental activities of humans? With the philosopher Michael
Devitt (1991) I believe that ontological and epistemological issues should be
separated. We should proceed from the realism issue to an epistemology, not
the other way around. The world is prior to and independent of our knowledge
of it. From an evolutionary perspective, knowledge (in the broadened sense,
i.e., also covering adaptation) conforms to the world rather than the other way
around. Epistemology should therefore start, not from a transcendental firstperson perspective, but rather from a naturalized third-person perspective (§
2).
As it happens, in his Dewey Lectures Putnam (1994) recently has
recanted his earlier views on the subject. Instead of internal realism he now
embraces a 'natural realism' which allows a direct conceptual access to the
world:
Winning through to natural realism is seeing the needlessness and the
unintelligibility of a picture that imposes an interface between ourselves and the world. (1994, 487. Italics in original.)
Putnam also labels his new position 'the natural realism of the common man',
for it accentuates the pragmatic fact that, whatever philosophical position we
may choose, we already take part in the real world.9 He rightly argues that it
therefore makes little sense to hold on to traditional epistemological
dichotomies like subject versus object, or external world versus internal
representation, etc. Putnam's natural realism surely is an improvement in
comparison with his earlier ideas, but I am not quite certain whether it is
compatible with the view which I want to defend. After all, his new position is
still prominently anthropocentric: why should we opt for a realism of the
common man and not for a realism of, say, the common rat or the average
honeybee? Not only human beings but all organisms are immersed in terrestrial events. In short, Putnam still views Homo sapiens as the measure of
all things. Hence from a biological point of view we should better opt for a
natural realism of the common species (if there were such a creature).

8
9

Cf. Michael Devitt 1991, pp. 230-233.
Cf. H. Putnam 1994, p. 469 and p. 483.
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In any case, in my view there is a prestructured world which is at least
partially knowable, or perhaps better: at least partially 'detectable'. Organisms
not necessarily have to engage in a linguistic, cognitive, or even a sensory
relationship with the world (think for instance of plants) in order to detect the
many characteristics of our planet. The world is full of objective regularities
and robust properties. Which regularities or features a particular species
eventually takes into account depends on the specific nature of the species
involved. Plants for instance have exploited chemical properties of the soil and
the electromagnetic spectrum of sunlight which makes possible photosynthesis,
etc. Again, from an evolutionary perspective, we must conclude that the many
properties have shaped the multifarious organisms which inhabit our world.
Knowledge (in the broadened sense) thus depends on the many characteristics
of the world, but the characteristics of the world do not depend on whether
they are known. A Darwinian framework therefore simply has to presuppose
metaphysical realism because natural selection and adaptation would not be
possible if there were no regularities in the world.
There are a few passages in which Ruse seems to admit that his
metaphysical stance obviously clashes with his evolutionary epistemology. For
example, Ruse (1989b) writes:
It can be stated with vigor that the general opinion of evolutionary
epistemologists is that their philosophy demands a realistic picture of
the world. After all, there is something intuitively implausible about a
person suggesting that we are the end products of a long and arduous
process of struggle and selection, all occurring before we got on this
earth, and then that person turning right around and suggesting also
that none of this history occurred except in the minds of humans.
Perhaps 'arrogant' is a better term than 'implausible'. (1989b, 218)
Apart from his liaison with Putnam's intemalism, there is another important
reason why Ruse generally remains sceptical about metaphysical realism, viz.,
the non-progressiveness and radical contingency of biological evolution.
Evolution is not predestined, there is no final goal or ultimate purpose. Ruse
(1986, 203) believes that 'Evolution is going nowhere - and rather slowly at
that.' With Stephen Jay Gould (1989; 1996) he holds that biological evolution
is essentially haphazard: if you could replay the tape of life a thousand times,
you would never again end up with humans, aardvarks, or bromelias. According to Ruse, this contingency makes our cognitive apparatus highly arbitrary:
For the Darwinian, had things been otherwise, one could well have
had different epigenetic rules and thus would have structured
knowledge quite differently. (1986, 182)
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If we could replay the tape of life there probably would evolve animals quite
different from those existing today. And these imaginary animals probably
would have sensory mechanisms and thought processes totally foreign to us.
Period. Ruse's tacit suggestion, it seems, is that these fictitious animals would
therefore inhabit a different world, just as Kuhn's scientists work in a different
world when they have adopted a new paradigm. Apart from Kuhnian constructivism (see § 13), I believe that Ruse's and Gould's ideas about the alleged
non-progressiveness of biological evolution are wrong. The radical contingency of evolution and the absence of goals are irrelevant to the issue of progress.
In Chapter 7 I show that biological evolution viewed as a knowledge-gaining
process is indeed progressive in some special sense.
11. The mesocosm and beyond
I have argued that Lorenzian evolutionary epistemologists should embrace
some kind of metaphysical realism. The world is structured in itself, prior to
and independent of any form of knowledge about it. Through natural selection
the various robust properties of the world have shaped and moulded the
phenotypic characters of organisms, including their sensory organs, nervous
systems and other basic cognitive faculties. Organisms are not merely adapted
to local, temporary and to some extent contingent properties of their environments such as climate, soil, and vegetation. Animals and plants are also
adjusted to global, invariant features and regularities which are found in most,
if not all, earthly environments. One could think of the properties of substances like air and water, seasonal changes, the gravity of our planet, the
electromagnetic spectrum of sunlight, etc. As the psychologist James J. Gibson
(1979) rightly explains:
The fundamentals of the environment - the substances, the medium,
and the surfaces - are the same for all animals. No matter how
powerful men become they are not going to alter the fact of earth, air,
and water - the lithosphère, the atmosphere, and the hydrosphere,
together with the interfaces that separate them. For terrestrial animals
like us, the earth and the sky are a basic structure on which all lesser
structures depend. We cannot change it. We all fit into the substructures of the environment in our various ways, for we were all, in fact,
formed by them. We were created by the world we live in. (1979,
130)
The animal's cognitive niche - and hence man's mesocosm - constitute
indeed only parts of the real world: through natural science we have discovered that there are vast regions of reality which are still largely
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unexplored, both in the direction of the infinitesimal, i.e., the realm of atoms,
electrons, and quarks, as well as in the opposite direction, i.e., the domain of
solar systems, galaxies, and clusters of galaxies. In order to explore these
newly found regions we have to employ exotic devices like huge particle
accelerators and linked up radio telescopes, not to mention those intricate
gadgets and crafts which explore other planets or probes which are sent into
deep space.
When our knowledge enters these strange new worlds, then, we are no
longer dealing with the sphere of medium dimensions. That is, we not only
leave behind medium spatial dimensions (i.e., the world of middle-sized
objects like tables and chairs), but we also have to accustom ourselves to
unfamiliar conceptions of time, mass, velocity, gravity, and causality. Needless to say that our knowledge about these foreign realms is detached from the
original purpose of human cognition, namely to survive on the African plains.
Our cognitive apparatus is not designed to detect dark matter, warped spacetime, or black holes. Nevertheless, we do have acquired knowledge about
these novel aspects of the world. Moreover, we continuously expand our
cognitive niche by probing deeper and deeper into the many layers of reality.
Humans - so it seems - are the first animals on this planet who are able to
look behind the curtains of their cognitive niche. So although our knowledge is
rooted in and constrained by biological dispositions, we can transcend our
mesocosmic point of view. Modern physics can correct the Newtonian bias of
our perceptual and cognitive apparatus, just as we can transcend our innate
sensibility to a particular electromagnetic bandwidth by employing frequencies,
energies, and wavebands completely unknown to our ancestors. Yet once we
have entered the realm of science, we leave behind the first, Lorenzian,
branch of evolutionary epistemology and we now are concerned with the
second one. Instead of analyzing the biological substrate of animal and human
knowledge, we now have to look at the evolution of science. But before I
address the second brand of evolutionary epistemology, let me first sum up the
main conclusions of the first part of the present Chapter.

Summary
The first branch of evolutionary epistemology is concerned with the biological
substrate of human and animal knowledge. Its founding father is Konrad
Lorenz who argued that the cognitive apparatus must be viewed as an organ
designed by evolution through natural selection. Our cognitive faculties are
adapted to a prestructured external world. Yet, our image and knowledge of
the world is not in any sense perfect or infallible. Our cognitive apparatus is
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functional and hence relatively reliable only in a particular section of the
world, a section which Vollmer calls the mesocosm.
From an evolutionary point of view both the empiricist and the
transcendental idealist are mistaken. The empiricist's tenet that all knowledge
derives from experience is false because animals and humans have innate, a
priori knowledge (e.g., modes of perception, basic forms of thought and
inference, expectations, etc.) which resulted from million years of evolution.
The transcendental idealist's and constructivist's beliefs that the knowable
world necessarily conforms to our representation and that the noumenal world
of things-in-themselves is necessarily beyond our ken are false because, from
the right evolutionary perspective, our cognitive apparatus conforms to a
prestructured world.
Natural selection has endowed us with basic modes of thought like
elementary logic and mathematics. Basic deductive, inductive, and abductive
reasoning, arithmetic, geometry, and reasoning about causality seem universal
among humankind. Early ancestors which possessed these modes of thought
must have had a selective advantage over individuals who lacked these
particular qualities.
Adaptation is also a form of knowledge about the world. Through
evolution, vital information about the world has been accumulated in the
genome of organisms. Adaptations reflect certain stable properties of the
world, properties with which a particular species had to cope during its
evolutionary history. We therefore should modify and extend the concept of
knowledge in such a way that it also covers adaptation. Adaptation is a form
of knowledge which neither involves language, nor representation, nor truth.
The Darwinian framework presupposes some form of metaphysical
realism because there is an intimate, ecological relationship between organisms
and the world. The world is prestructured and at least partially knowable and
detectable. All organisms are adjusted, through evolution, to variant and
invariant properties of their environments. Adaptation and natural selection
would not be possible if there were no regularities in the world.
Because our cognitive apparatus is adjusted to our world of medium
dimensions, it loses most of its functionality when our knowledge enters the
microcosm of elementary particles and the macrocosm of galaxies. In such
cases, therefore, we have to accustom ourselves to unfamiliar conceptions of
space, time, velocity, gravity, and causality. Our knowledge of these newly
discovered worlds is detached from the original purpose of human cognition,
namely to cope with everyday situations in familiar surroundings. Thus we are
no longer dealing with the first branch of evolutionary epistemology but with
the second one.
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A natural history of science
12. The genealogy of ideas
In a lecture delivered in 1967 to the Collège de France, the famous French
biologist, biochemist and Nobel laureate Jacques Monod (1969) sketched the
outlines of a future scientific enterprise which should concern itself with the
evolutionary development of ideas. Monod argued that an idea, or any other
item that is transmitted culturally, bears a close resemblance to the gene in the
biological domain. Both an idea and a gene are capable of leaping from carrier
to carrier. In the biological realm, sexual reproduction will ensure that genes
get replicated from one generation to the next, whereas in the cultural realm
we find that fostered ideas are handed down to future generations in written or
spoken word. Moreover, through selection mechanisms, ideas as well as genes
will proliferate differentially: genes and ideas which for some reason are advantageous to their carriers will prosper, whereas detrimental genes and
ineffective ideas will tend to eliminate themselves.
Monod's colleague Richard Dawkins (1976, 194) has noted that, in
general, the survival criteria for ideas must be the same as those for genes,
namely: longevity, fecundity, and copying-fidelity. That is, for ideas and
genes to be successful, they must be capable to persist through time, they must
spread through the community or population, and finally, they must not
change too much. In his lecture, Monod expounds:
A transmittable idea constitutes an autonomous entity capable of
preserving itself, of growing, of gaining in complexity; and is
therefore the subject of a selective process, of which modern culture
is the current but in every way evolving product. The laws governing
this selection are necessarily very complex but perhaps we shall some
day have a Natural History of the Selection of Ideas. (1969, 16)'°
Monod would probably not have guessed that, only a few years after he
delivered his lecture, a new philosophical-scientific discipline would emerge
with the aim to investigate the many parallels between biological evolution and
cultural-scientific change. Of course, we may question whether Monod's
prophecy that some day we shall have a natural history of the selection and
evolution of ideas will come true, but with the foundation of the second kind
of evolutionary epistemology we perhaps have the means to find out the
answer.

Cf. S. Toulmin 1972, p. 319.
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The second branch of evolutionary epistemology, with famous representatives like the philosophers Karl Popper (1972), Stephen Toulmin (1972), and
the psychologist Donald T. Campbell (1974a & b), involves the application of
models, analogies, and metaphors drawn from evolutionary biology in the
attempt to resolve issues concerning cultural, conceptual and scientific change.
This particular branch, which Bradie calls 'Evolutionary Epistemology of
Theories', is especially interested in the question whether the growth of
scientific knowledge follows an evolutionary pattern and whether scientific
change can be understood in terms of Darwinian selection processes (§ 7). I
think that such an analysis is possible and worthwhile. I believe that the
second kind of evolutionary epistemology not only can teach us something
important about the development of scientific knowledge, but that it also can
illuminate the intricate mechanisms which drive biological evolution itself. In
sum, I believe that, analogous to the origin of adaptation in organic evolution,
the growth of knowledge ultimately is a selection process. But I also want to
defend the stronger claim that, in reverse order, selection processes are
knowledge-gaining processes, whether in the biological or the scientific realm.
Let me give a simple example. First look at the phenomenon of
adaptation in the biological realm. Recall the polar bear's insulating blubber
and white fur which protect the animal against the harsh arctic environment
and provide the necessary camouflage to stalk its prey (mostly seals which
now and then pop up from cracks and holes in the ice). How has this
remarkable adaptation or match been accomplished? In this case we may say
that, through the process of natural selection and over millions of years, the
gene pool of a population of polar bears has meticulously accumulated vital
information or 'knowledge' about the specific habitat which polar bears
happen to occupy. This particular accumulation of information is the result of
a selection process: over millions of years the polar bears' gene pool has
randomly generated a vast number of mostly minor variations in polar bear
design, a few of which have survived and have been retained, namely those
mutations which accidentally conferred an advantage in arctic circumstances.
The established 'knowledge' or information stored in the gene pool thus
gradually builds up and will be transmitted from one generation of polar bears
to the next.
In short, the phenomenon of adaptation can be characterized as an
information-gaining or knowledge-gathering process: any functioning or
adaptive structure carries implicit information about the environment in which
its function works. The blubber and white fur of the polar bear is only one
example, but one can easily think of countless other ones. Thus the shape of
the blue shark perfectly embodies the principles of hydrodynamic design, and
the wings of the albatross and other birds reflect such aerodynamic principles
as the density and viscosity of the earth's lower atmosphere.
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Next, consider the analogous case of the growth of knowledge. Again
let me start with a familiar and everyday example. If you want to leam
something which you previously did not know or understand, say, how to use
a word-processing computer, you will usually start with reading through the
operation instructions, but in practice you will undoubtedly experience that
you learn best by making mistakes. For instance, once you have gone through
the embarrassing situation in which, after a few days of hard labour, you were
not able to retrieve your precious file, you are likely to adjust your future
strategy by storing your files on hard-disk more carefully or by making additional copies on a floppy-disk, etc. What you have done, perhaps unintentionally, is trying out several procedures and retaining the one that works best,
or the one that is safest, etc.
I believe that with respect to the growth of scientific knowledge,
something basically similar can be found. In order to solve a particular
problem or to explain a novel phenomenon, scientists always will generate
great numbers of various (and ideally incompatible) hypotheses and theories, a
small number of which will be retained after they have been thoroughly tested
and criticized in the appropriate channels (seminars, congresses, journals, and
the like) of the scientific discipline concerned. Eventually, one of these
hypotheses perhaps will be incorporated into the body of knowledge of this
particular discipline, i.e., the hypothesis or theory will appear in textbooks
and will be taught to students, aspirant-researchers, etc. Needless to say that
such a general acceptance and incorporation of a theory happens relatively
rarely, namely only if the new hypothesis has more virtues or potency compared with already existing theories and only if there is sufficient consensus
among the leading scientists of the discipline concerned. But as soon as a
theory has been incorporated into the corpus of knowledge of a particular
discipline, it will, together with its already established fellow-theories, be
handed down from one generation of scientists to the next. Thus scientific
knowledge accumulates bit-by-bit: the match between the discipline and the
part of the world it studies and describes has gradually increased in time. Here
is an illustrative and well-known quotation from Popper (1972):
[T]he growth of our knowledge is the result of a process closely
resembling what Darwin called 'natural selection'; that is, the natural
selection of hypotheses: our knowledge consists, at every moment, of
those hypotheses which have shown their (comparative) fitness by
surviving so far in their struggle for existence; a competitive straggle
which eliminates those hypotheses which are unfit. (1972, 261. Italics
in original.)
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13. Kuhnian objections
Of course, the fact that our knowledge generally accumulates bit-by-bit does
not entail that scientific change will always be gradual. The history of science
shows that there have been many sudden breakthroughs, rapid developments,
and other innovations which we may appropriately call 'scientific revolutions'.
As notably Thomas Kuhn (1970) has argued, sudden conceptual shifts may
even result in a completely new world view. A classic and instructive example
is the Copernican revolution in astronomy which put an end to the wellestablished idea that our planet is located in the centre of the universe. This
particular jerky aspect of scientific change may seem to frustrate any attempt
to forge analogies between biological and scientific evolution. However, I
believe that this is not the case. As Darwin expounded, biological evolution is
mostly gradual, but it also allows for certain periods in which changes happen
relatively fast or slow. The sudden radiation of many species of marine
animals during the Cambrian, known as the 'Cambrian explosion' which
occurred some 550 million years ago, is an example of rapid evolution.
During the Precambrian, on the other hand, evolution seemed to have stagnated for hundreds of millions of years. It is therefore only on average that
organic evolution is gradual. For example, Niles Eldredge & Stephen Jay
Gould's (1972; 1988) saltationist theory of punctuated equilibrium states that
biological evolution can exhibit sudden evolutionary spurts (speciation) which
are followed by long periods of stasis. Admittedly, Eldredge & Gould's theory
was initially presented as a challenge to Darwinian gradualness (and indeed as
a challenge to the neo-Darwinian theory of evolution in general!), but the later
versions are weakened and hence perfectly compatible with the traditional
view that biological evolution generally proceeds bit-by-bit, now and then
interrupted by abrupt rushes or periods of stagnation." Edward O. Wilson
11

For a critical discussion of Eldredge & Gould's theory, see: Richard Dawkins
1986, Chapter 9. Mark Ridley 1993, pp. 549-550. M. Ruse 1995, Chapter 3. Daniel
Dennett 1995, pp. 282-299. M. Ruse 1996, pp. 495-498. Monroe W. Strickberger
1996, pp. 563-564. Dawkins (o.e., p. 251) writes: 'What needs to be said now, loud
and clear, is the truth: that the theory of punctuated equilibrium lies firmly within
the neo-Darwinian synthesis. It always did. It will take time to undo the damage
wrought by the overblown rhetoric, but it will be undone. The theory of punctuated
equilibrium will come to be seen in proportion, as an interesting but minor wrinkle
on the surface of neo-Darwinan theory.' See also: Paul Thagard 1992, pp. 154-156.
Thagard writes: 'Evolutionary epistemology usually assumes the orthodox
interpretation of biological evolution according to which species evolve as the result
of long periods of gradual changes. Conceptual revolutions, however, are better
understood by comparison with the controversial theory of punctuated equilibrium,
according to which biological evolution is not a steady, gradual process of variation
47

Chapter 2
(1992) writes:
[Τ]he possibility of swift evolution was already a cornerstone of
traditional evolutionary theory and therefore in no sense a challenge to
it. The models of population genetics, the foundation of quantitative
theory, predict that evolution by natural selection can be so rapid as to
seem nearly instantaneous in geological time. The models also allow
for stasis, or long periods with little or no evolution of a kind detec
table in fossils. (1992, 81)
The conventional reading of Kuhn (1970) states that different world
views or 'paradigms' are incommensurable: because theoretical terms and
concepts have changed, scientists belonging to different paradigms are no
longer referring to the same events. Kuhn sometimes even seems to suggest
that, during a scientific revolution, the world itself has changed. (I deliberately
use the verb 'suggest' here because Kuhn's rhetoric often leaves room for
more than one interpretation.) Moreover, the standard interpretation of Kuhn's
writings says that there can be no strictly rational or logical reason for the
acceptance of a novel paradigm. The event may rather be compared with a
religious conversion. Different paradigms are literally incomparable. The
question which paradigm is best therefore cannot be answered. Hence there is
no smooth and progressive accumulation of scientific knowledge. Rather, we
see ruptures resulting in different and separate epochs, each with its own
rationale.
I think that the latter claims are far too extreme. In § 10, I argued that
evolutionary epistemologists should adhere to some form of metaphysical
realism: that our conception of the world changes does not mean that reality
has altered as well. Furthermore, the alleged discontinuities are on closer
inspection not as profound as Kuhn (or perhaps better, some interpreters of
Kuhn) believe. For instance, during the switch from classical mechanics to
quantum physics and relativity theory at the end of the 19th and the beginning
of the 20th century, the scientists involved made a deliberate and rational
choice. The novel theories simply were better and more accurate than the
classical Newtonian tenets. The same observation holds for other scientific
revolutions such as Alfred Wegener's theory of plate tectonics or Darwin's
theory of evolution. Once compelling evidence has been offered, scientists
readily change their minds, even if the new theory clashes with received
beliefs. The simple yet important point Kuhn wanted to make is that although
and selection. Instead, long periods with little change are interrupted by dramatic
periods when species emerge or become extinct at a much greater rate. I shall not
address the biological merits of this theory, but there can be no question that science
is such a punctuated process' (1992, p. 155.)
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there is no strictly logical procedure for theory-choice, scientists may still
have good reasons for preferring one theory over another.12 As we shall see
in later Chapters, Kuhn (1970), like Popper, adheres to the second branch of
evolutionary epistemology, seeing essential analogies between biological
evolution and scientific change. I shall argue that the conventional reading of
Kuhn is not compatible with an evolutionary account of scientific development.
I have argued that biological evolution, particularly the phenomenon of
adaptation, must be viewed as an information-gathering process and that, vice
versa, the growth of scientific knowledge can be analyzed in Darwinian terms.
Of course, in the case of adaptation the selection and incorporation of information is not carried out, as in the case of scientific knowledge, by an
intentional agent (i.e., the leading scientists of a particular discipline), but
instead by the Darwinian process of natural selection. Also, the incorporation
of information into a gene pool may generally (but not always) be a much
slower process than the process of acquiring knowledge in the traditional
sense. But apart from these obvious differences, what biological adaptation
and acquiring new knowledge have in common is that they both seem to
involve selection processes.

14. Darwinian algorithms
But a discriminating selection mechanism is only one essential ingredient of
Darwinian evolution. For a genuine evolutionary process to occur, two other
conditions have to be met. Again, consider the paradigm case of biological
evolution. First, for biological evolution to occur, there has to be random

12

Cf. A.A. Derksen 1997 (in Dutch). Derksen argues that, during the 1960s and
1970s, Kuhn's writings have been misinterpreted by philosophers and social
scientists alike. At the time Kuhn's radical naturalism was simply too bold and
innovative to be correctly appraised. Many philosophers were still under the spell of
logical positivism, with the result that Kuhn's historical and naturalized account of
scientific change was qualified as thoroughly irrational and relativistic. According to
Derksen, we therefore have to distinguish between the 'real' Kuhn and the pseudoKuhn. The message of the real Kuhn, and a point long familiar in the philosophy of
science, was that debates over theory-choice simply cannot be cast in a form that
fully resembles logical or mathematical proof. Yet this does not imply that scientific
change is an irrational affair. After all, although there are no logical or neutral
procedures for theory-choice, there still may be good reasons for adopting a
particular theory or scientific paradigm. Eventually, when the pseudo-Kuhn had been
removed from the scene in the 1980s and 1990s, the naturalism of the real Kuhn was
so familiar that it was hard to see what was new about it.
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genetic variation. Genetic variation will result in variation at the level of the
phenotype, i.e., the level of individual organism. Thus translated to the
phenotypic level, the first condition says that different individuals in any
population must exhibit slightly different morphologies, physiologies, and
behaviours, etc. This variation, in turn, results in the differential fitness of
these individuals. Secondly, a non-random process of selection is necessary in
order to discriminate the differential fitness of individuals. Due to their
phenotypic make-up, individual organisms will have different rates of survival
and reproduction. Finally, there must be transmission of fitness. No Darwinian
algorithm will be effective if copies of variants cannot be transmitted to future
generations. In other words, fitness must be heritable. As a result, variations
will proliferate differentially: in the long run advantageous traits will dominate
the population, whereas harmful traits will tend to eliminate themselves.
Taken together, the three conditions put into operation a cumulative
Variation-Selection-and-Transmission (VST) algorithm which, given enough
time, will produce the manifold adaptations we encounter in the living world.
That is the quintessence of biological evolution. The evolutionary biologist
Richard C. Lewontin (1970) calls these three conditions which are separately
necessary and jointly sufficient for evolution to occur appropriately 'Darwin's
principles'. It is important to realize that Darwin's principles or VST-algorithms play a vital and creative role in the biological domain. By producing
myriad instances of wondrous adaptations, VST-algorithms demonstrate that
they can easily simulate intentional design.
We have seen that the second brand of evolutionary epistemology
proclaims that VST-algorithms not only occur in the biological realm but that
they may take place in other domains as well. So when we generalize Dar
win's principles by abstracting from biological evolution, we get a formal
algorithm responsible for any instance of increased fit or correspondence
between the evolving system on the one hand and the robust structures of the
objective world on the other. In principle any kind of 'population' could
evolve, provided that it satisfies the three conditions of variation, selection,
and transmission. I have argued that in the case of scientific development these
conditions seem fulfilled. The explanatory and predictive capacities of our
current scientific theories are analogous to the well-adaptiveness of extant
biological species. In both the biological and the scientific realm the increase
of fit or correspondence is caused by the same universal VST-algorithm. As
D.T. Campbell (1987) puts it:
Darwin's natural selection inspires an abstract 'variation-selection-andreproduction' algorithm appropriate to all examples of increased 'fit'
between one system and another. Biological evolution is only one such
exemplar. Trial-and-еггог learning, radar, sonar, computerized
problem- solving, and human thought are others. Biological evolution
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has specifics which may be biologically necessary but not part of the
abstract algorithm. (1987, 143. Italics in original.)
So there may be many obvious differences between organic evolution
and the development of science, but what unites them at some abstract level is
precisely that in both cases a Darwinian algorithm is responsible for the
increase of fit or correspondence. Some aspects of either process may
therefore be merely accidental or idiosyncratic for that particular kind of information gathering. For instance, in the case of biological evolution we are
concerned with genes, organisms, and species, etc., whereas in the case of
acquiring knowledge (as we commonly understand the word) we are concerned
with human brains, sensory perception, and language, etc. But stripped down
of their peculiarities and idiosyncrasies, what remains in both cases is an
abstract procedure which results in variants continuously being tested and
eventually stored in a medium, whether a population's gene pool, a human
brain, a scientific discipline, or some other carrier of information. What
adaptive evolution and the increase of knowledge have in common is that both
processes apply the same underlying 'strategy': examine as many potential
solutions as possible, hold on to what works and always try to improve the
present situation. (Again, I deliberately use the intentional stance here because
selection processes are perfectly capable of simulating purposeful design.) At
this abstract level of description one can say that in all such cases the outcome
of VST-algorithms is a closer match between the medium or carrier on the one
hand and the world on the other, provided of course that the world is one of
the selection forces in the process.

15. Rationality and survival value
In the previous Chapter, I argued that critics often fail to make a much-needed
distinction between the two kinds of evolutionary epistemology. As a consequence evolutionary epistemology has recurrently been portrayed
(caricaturized is perhaps a better term) as a rather naive and unsophisticated
attempt to 'biologize' philosophy and to explain everything in terms of
'survival value'. Let me give two illustrative examples of critics who clearly
have not yet grasped what evolutionary epistemology really proclaims. For
instance, Hilary Putnam (1982), abhorrent of naturalized philosophies in
general, thinks that evolutionary epistemology 'in its crudest form' amounts to
the following claim:
[R]eason is a capacity we have for discovering truths. Such a capacity
has survival value; it evolved in just the way that any of our physical
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organs evolved. A belief is rational if it is arrived at by the exercise
of this capacity. (1982, 4)
Putnam (o.e., 6) then goes on to demonstrate that this claim is obviously false
because 'there is no contradiction in imagining a world in which people have
utterly irrational beliefs which for some reason enable them to survive', or
reversely, a world 'in which the most rational beliefs quickly lead to extinction.' (o.e., 6)
In a similar spirit, the philosopher of science Bas van Fraassen (1985),
renowned for his attack on scientific realism, describes the 'pure case' (!) of
evolutionary epistemology as follows:
We need methods of forecasting if we are to plan and hence to
survive at all. The methods we have been following are the methods
of the most successful organisms on earth, namely, us. So they clearly
have survival value. It remains only to show how, specifically, each
feature of that methodology [...] contributes to our fitness for survival. (1985, 260)
Van Fraassen calls such an enterprise a 'horrible example of vulgar Darwinism' and one surely can qualify his description as such, but it is of course
a far cry from what evolutionary epistemology really is about. Both Putnam
and Van Fraassen have mixed up the two kinds of evolutionary epistemology.
Against Putnam for instance one could argue that although the basic operations
of our cognitive apparatus have survival value, the set of rational beliefs
mostly transcends our biological needs. Take my beliefs that Ouagadougou is
the capital of Burkina Faso and that the element gold has the atomic number
79, or my belief that the atmosphere of Mars contains large quantities of
carbon dioxide, etc. These beliefs are surely rational but they have no survival
value whatsoever. The set of rational beliefs is clearly much larger than the set
of beliefs which have survival value. Reversely, I may erroneously believe
that cars are fierce and dangerous predators, or that God forbids promiscuity
and smoking cigarettes. One could hardly call these beliefs rational but, if
taken seriously, they might save my life. We may grant Putnam this particular
asymmetry. However, what has gone wrong in his refutation of evolutionary
epistemology is that he fails to distinguish between our cognitive faculties
(i.e., the brain, nervous system and sensory apparatus) endowed to us by
adaptive evolution on the one hand, and the secondary products of this
capacity on the other. It is as if you would say that because our hands (or any
other limbs) have survival value, everything that springs from manual labour
has to have survival value too. Similarly, I think it is chiefly our mere ability
to hold beliefs about the world which has survival value, not each and every
individual belief itself. So although some of our basic beliefs must be pretty
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reliable for mesocosmic purposes, it is not true that all rational beliefs enhance
our biological fitness. You therefore cannot simply equate 'rationality' with
'survival value'.
Van Fraassen makes the same mistake when he thinks that evolutionary
epistemology asserts that, because we humans are the product of evolution
through natural selection, it follows that our scientific theories and
methodologies too must contribute to survival and overall fitness. To my
knowledge no contemporary evolutionary epistemologist has ever made such a
ludicrous claim. Science does not contribute to survival or reproductive
success, nor do scientists have any 'evolutionary' advantage over non-scientists. Indeed, the opposite may well be true since many great a scholar died
childless.
Stephen Toulmin (1972) calls the belief that science is a literal extension of biological evolution and that science is ultimately related to genetic
fitness the 'Machian fallacy'.13 The physicist and positivist Ernst Mach, a
forerunner of evolutionary epistemology and also one of the precursors of the
Vienna Circle, indeed took seriously the idea that the scientific enterprise is a
literal extension of biological evolution. He argued that the 'disciplinary
missions' of the natural sciences were simply one aspect of the same broader
'historical mission' that underlay organic evolution itself. In his 'My Scientific
Theory of Knowledge' Mach writes:
[T]he task of scientific knowledge now appears as: the adaptation of
ideas to facts and the adaptation of ideas to one another. Every
favourable biological process is an event of self-preservation, and as
such is also a process of adaptation. [...] All favourable cognitive
processes are special cases, or parts, of biologically advantageous
processes [...]. The cognitive process may display the most varied
qualities: we characterize it in the first place as biological [...]. (1970,
30-31)
Mach thus put his account of scientific knowledge on a biological basis:
successful ideas and theories ultimately confer a biological or evolutionary
advantage. With the evolutionist Herbert Spencer, Mach believed that science
is a direct consequence of biological evolution - gaining cognition helps to
preserve life.14

13

Cf. S. Toulmin 1972, pp. 320-321 and p. 337.
'" Mach's biological theory of knowledge is best expounded in his essays 'On the
Economical Nature of Physical Inquiry', and 'On Transformation and Adaptation of
Scientific Thought', both of which appeared in E. Mach (1943). See also: Gonzalo
Munévar 1981, Chapter 6.
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16. The leash principle
There is no direct link between biological evolution and cultural-scientific
evolution. Any attempt to reduce the latter to the former is doomed to fail.15
That is why I am also pessimistic about the prospects of sociobiological
models which treat cultural change as a special instance of biological
evolution. For instance, Richard D. Alexander (1979), Charles J. Lumsden &
Edward. O. Wilson (1981; 1983), and Robert Boyd & Peter J. Richerson
(1985) have developed models in which cultural evolution is ultimately
channelled by biological mechanisms. That is, all these models emphasize the
dependence of a cultural inheritance system on genetic fitness. And although
some of the aforementioned authors postulate a system of 'dual' (i.e., genetic
and cultural) inheritance, they nevertheless claim that the emergence of culture
must ultimately be explained by the impact which culture has on genetic
fitness. At bottom, they insist, a 'good' cultural item spreads because brains
are receptive to it, and the receptiveness of brains is moulded by natural
selection. The fact that animals imitate other animals and hence that rudimentary forms of culture emerge therefore is explicable in terms of an animal's
genetic inclusive fitness.16
The notion of 'gene-culture coevolution' employed by Lumsden &
Wilson explicitly focuses on the ways in which the emergence of culture opens
up new niches where genetic evolution in turn can operate. Lumsden &
Wilson argue that there is a particular form of interaction between genes and
culture in such a way that genes influence the emergence and development of
culture and, reciprocally, culture influences differential proliferation of genes.
Lumsden & Wilson call the countless cultural items an individual acquires

15

Cf. Ilkka Niiniluoto (1984). Niiniluoto too is sceptical about attempts to reduce
cultural evolution to biological evolution.
16
Inclusive fitness is usually contrasted with individual fitness. Inclusive fitness is an
important concept in evolutionary biology and sociobiology. Inclusive fitness may be
defined as: the sum of an individual's own fitness plus all its influence on fitness in
its relatives other than direct descendants. Animals can proliferate their genes in two
different ways. Either an animal can increase its own fitness or it can help to
increase the fitness of close relatives. Since close relatives share (copies of) the same
genes, the animal may proliferate (copies of) its genes even when the animal reduces
its own genetic fitness, i.e. even when it has no offspring of its own. Biologists
therefore say that the animal has increased its inclusive fitness. Inclusive fitness is
closely related to the notion of 'kin selection', i.e., selection of genes causing individuals to favour close kin. From a genetical point of view, that is, the animal's
altruistic behaviour is purely selfish. The ideas of inclusive fitness and kin selection
are two great triumps of twentieth-century biology. We owe both concepts to
William D. Hamilton 1964.
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during his or her lifetime 'culturgens', which are close to Richard Dawkins
notion of 'mêmes'. But they argue that not all culturgens are treated equally,
since the human mind incorporates and uses some far more readily than
others. More specifically, Lumsden & Wilson found some physiologically
based preferences they dubbed 'epigenetic rules' (§ 10). Recall, an epigenetic
rule is a constraint on some facets of human development, having its origin in
evolutionary needs and channelling the way in which humans think and act.
Epigenetic rules thus bias cultural transmission: culture is guided in one
particular direction rather than another. Examples of heredity-bound culture
that Lumsden & Wilson found include the peculiarities of colour vision,
phoneme formation, odour perception and preferred visual design.17 But as
examples of epigenetic rules we may also add some basic modes of reasoning
which are hard-wired into our brains, such as elementary inductive and
deductive logic, arithmetic, etc., which are found to be universal among
humankind.
In short, Lumsden & Wilson and others assume that genes act to shape
both the mental development of the individual and the ways in which culturgens are proliferated at the cost of others. Some preferences confer greater
survival and reproductive rates than others. As a consequence certain
epigenetic rules, e.g., those that predispose the mind toward the selection of
successful culturgens, are favoured during the course of biological evolution.
Over many generations and millions of years the human population has moved
toward one particular 'human nature' out of a vast number of possible natures.
That is why Wilson (1978, 167) has coined the - controversial - phrase: 'the
genes hold culture on a leash', also known as the 'leash principle'. The leash
principle allows culture a certain independence, i.e., not everything in human
society can be explained by biological evolution. But at the same time it says
that culture cannot go against human nature for long without being pulled back
by the leash (as for instance in the case of a society which encourages incest
or suicide).18 More recently Richerson & Boyd (1992) write:
[W]e think it is plausible to view genetic and cultural evolution as a
tightly coupled coevolutionary process in humans. [...] In such cases,
fitness will be increased by the presence of the cultural system, and
behavior may be accurately predicted without explicit reference to the
dynamics of cultural evolutionary processes. (1992, 80)
Richerson & Boyd admit that, occasionally, cultural forces may tend to
transcend their biological origins. There is no guarantee that all cultural

17
18

Cf. E.O. Wilson 1994, pp. 350-353.
Cf. C.J. Lumsden & E.O. Wilson 1981, p. 13. See also: M. Ruse 1979.
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phenomena will be adaptive from the genetic point of view. Still, they believe
that the human psyche has been shaped by natural selection and that this fact
allows sociobiologists to make general predictions about human behaviour and
human culture. Yet in my opinion, these sociobiological models seem applicable only to certain basic forms of social behaviour and culture, namely
those which evidently reduce or enhance genetic fitness. The views of
Lumsden & Wilson and others thus are more reminiscent of the first kind of
evolutionary epistemology than of the second. The first kind of evolutionary
epistemology, you will recall, is the attempt to draw direct links between
biological evolution and human knowledge and culture. By contrast, the
second brand of evolutionary epistemology takes cultural and scientific change
to be analogous to biological evolution.
To be sure, I am not denying that gene-based biological dispositions
constrain the ways in which we reason and behave, and shape our bonds,
societies, and cultures. Nor is it to be denied that these particular
achievements, in reverse order, may have a considerable impact on genetic
fitness. Rather, what I am saying is that most culturgens or mêmes simple
cannot be gene-based because they are completely indifferent to the survival
and reproduction of their carriers. It is for instance hard to imagine how
cultural habits like, say, walking on wooden shoes or playing checker could
influence one's genetic fitness in any way. Again, I believe that it is our
capacity to transmit beliefs, ideas, habits, etc., to future generations at all
which is biologically advantageous, not each and every individual belief or
habit itself. In the case of science, which is a special instance of cultural
evolution, this is even more obvious. Modem science is completely uncoupled
from biological needs.

17. The currency of evolution
While gene-based biological evolution puts several constraints on the ways in
which we think and behave, meme-based cultural-scientific evolution largely
takes place in its own realm. The biologist Dawkins (1976; 1982) and the
philosophers David Hull (1988b) and Daniel Dennett (1995), for similar
reasons, depart from the sociobiological gene-based approach because they too
consider cultural items (varying from folk tunes to scientific theories) not to be
extended phenotypic traits but replicators in themselves. Dawkins (1982, 1 ΙΟ
Ι 11) rightly argues that proliferation of cultural items cannot entirely be
explained by ordinary genetic fitness: one also has to consider the 'fitness' of
these mêmes themselves. In other words, cultural variants or mêmes do not
necessarily spread as a result of the possible genetic success they bring to their
carriers - mêmes may propagate and spread as a result of their own success.
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Mêmes are parasitic. They usually jump from host to host without any harmful
or beneficial effects. Surely, now and then a même may kill its host, as for
instance in the case of suicidal mêmes in fanatic religious sects. Sometimes the
replication of particular ideas or beliefs may positively coincide with genetic
fitness of human males, as in the case of tribes or societies which proclaim
polygamy. (Some 19th century male Mormons are reported to have had over
one hundred children!) On other occasions, or in other societies, human
females may have an advantage. But in general mêmes will proliferate without
much impact on genetic fitness on either sex. So cultural and scientific
evolution are not directly linked to biological evolution. Hence when it comes
to an evolutionary account of cultural and scientific change, I follow the
meme-based approach originally proposed by Dawkins (1976) and subsequently refined by Hull (1988b) and Dennett (1995) amongst others.
I think that it is very plausible that culture, technology, and science
may have had their origins in biological evolution. Think for example of the
gradual refinement in tool-making, hunting-techniques, and predicting seasonal
changes by our early ancestors. These cultural and proto-scientific developments surely must have had survival value and hence a considerable impact on
genetic fitness. The aforementioned sociobiological models thus would
perfectly apply to the social and ecological conditions of Pleistocene food
foragers or modem-day hunter-gatherers. Yet most current conditions and
contemporary environments have dramatically changed. In our modern postindustrial societies the link between culture and genetic fitness is almost
completely lost. Some human sociobiologists and evolutionary psychologists
seem to acknowledge this point, but there is no consensus of opinion on this
issue. As Richerson & Boyd (1992) explain:
Human sociobiologists differ about whether cultural variation within
and among contemporary human groups is adaptive. Some believe that
a great deal of contemporary variation is adaptive, that is, that one
can generally predict variation in behavior by determining what is
fitness maximizing. Of course they admit that exceptions exist:
mistakes occur, many behaviors have little impact on fitness, and even
important traits may temporarily drift away from the fitness optima.
In general, however, these authors believe that cultural differences
represent adaptations. Others argue that behavior represents an adaptation to the social and ecological conditions that confronted Pleistocene food foragers. According to this view, some cultural variation
may be adaptive because the relevant aspects of the environment have
not changed very much. However, there will be much behavior that is
not fitness maximizing under current conditions because the environment imposed by farming and industrial life is so different from food
foraging. We can still understand human behavior in Darwinian terms,
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but only as a result of now outmoded evolved predispositions interacting with contemporary environments. (1992, 85-86)
It should be clear that I subscribe to the latter view: culture and rudimentary
forms of technology and science undoubtedly were adaptive during early
stages of human evolution, but in our modern societies, culture has largely
transcended its biological origins. It is for this reason that I believe that
cultural evolution cannot possibly be reduced to biological evolution. In the
biological realm genes are the currency of evolution, but in the cultural and
scientific domain the currency are mêmes rather than genes. The underlying
mechanism that drives cultural and scientific change may be identical to the
process of biological evolution, but it takes place in a completely different
medium, with entirely different protagonists. In short, we should keep in mind
the Machian Fallacy. Biological and scientific evolution are uncoupled
evolutionary processes.
Mach's mistaken conviction shows that if one fails to make the proper
distinctions, one easily is led to confusion and oversimplification. Surely,
gaining knowledge may help to preserve life: once you have learned that
tigers, venomous snakes, and crocodiles are dangerous and that you should
better avoid them, you may have increased your chances of survival, especially if you happen to live in rural India or Australia. But from this trivial truth
it does not follow that knowledge or science as a whole has survival value.
What could be the biological advantage of understanding the finesses of
quantum mechanics or astrophysics? Apparently there is none. As Toulmin
(1972) and Ilkka Niiniluoto (1984) point out, Mach made the same mistake as
the notorious Social Darwinists in the late 19th and early 20th century.
Social Darwinism, led by its founder and chief enthusiast Herbert
Spencer, proclaimed that the concept of evolution could be applied to the
historical development of human societies. In particular, the Social Darwinists
believed that the Spencerian notion of 'survival of the fittest' provided a
biological justification for social imparity and such resulting social evils as
poverty and illiteracy. They argued that these 'evils' were no evils at all
because they are simply part of 'the Law of Nature'. Natural selection has to
run its course, without too much human or state intervention. The Social Darwinists were convinced that human society has its basis in biological evolution:
everything that happens in a particular society can be accounted for in terms
of natural selection and the struggle for existence.19 But just as there is no
direct link between biological evolution and modern-day science, there also is
no link between biological evolution and the social status of individual human
beings. If you are poor or if you have not received a proper training, you do

Cf. M. Ruse 1986, pp. 78-86.
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not necessarily have 'bad' genes! Or reversely, if you are rich and welleducated you may still have a poor genetic fitness. Social Darwinism, in short,
was nothing but a pseudo-scientific ideology which had to justify 19th century
laissez-faire economics.
One therefore has to be cautious not to commit the Machian fallacy,
whether with respect to the development of science or with respect to cultural
and social change. Science, I have argued, may have its roots in biological
evolution, but the bulk of present-day science is completely uncoupled from
biological imperatives like survival and reproduction.20 Science evolves in its
own right. In the next Chapter I address the various levels at which Darwinian
VST-algorithms occur and hence genuine evolution takes place. I argue that
there are ultimately three such levels, to wit: a genetic, an organic and a
cultural-scientific level. In the remaining Chapters, then, I concentrate on the
question whether scientific change is a real evolutionary process. In particular,
I examine the question whether the three main ingredients of biological
evolution (i.e., variation, selection, and transmission) have their counterparts
in the scientific sphere. I argue that these counterparts exist and that scientific

20

The only contemporary evolutionary epistemologists who come fairly close to
Mach's views, and to whom Putnam's and Van Fraassen's criticism perhaps applies,
are Gonzalo Munévar (1981; 1989) and Kai Hahlweg & Clifford A. Hooker (1988;
1989). Munévar (1981, p. 85) for instance writes: 'In its Machian version,
evolutionary epistemology seems untenable, but it also seems that one can be a
biological epistemologist without subscribing to what Stephen Toulmin has called the
Machian Fallacy. One way to do this is to sever the relation between scientific
theories and survival value altogether. Such has been the tack taken by Popper and
Toulmin, a tack that I find mistaken.' Munévar argues that it is chiefly intelligence
and curiosity which drive science, and these particular traits, he believes, clearly
have survival value for animals and humans alike. Curiosity and intelligence permit
higher animals and humans to explore and to adapt to new environments. Science, in
turn, offers an even more thorough interaction with the environment and an
increasing number of environments with which we can deal. Hence, Munévar (1989,
p. 476) concludes: 'science is not like nature, but part of nature.' Hahlweg &
Hooker (1988, pp. 107-108), in the same spirit, believe that it is our ever-increasing
adaptability which lies at heart of science. They write: 'We hold that the scientifictechnological process is a continuation of the biological process of adaptability
dynamics. In a seemingly endless cycle we are confronted with problems which we
solve but whereby the very act of problem solving creates new problems.' I do not
think that Munévar's and Hahlweg & Hooker's views are wrong, but I believe that
they fail to make the necessary distinction between curiosity, intelligence, and
adaptability which surely all have survival value on the one hand, and the secondary
products of these traits, like modem science, which do not have survival value on
the other.
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evolution is propelled by the same Darwinian VST-algorithm as biological
evolution.
Summary
The second brand of evolutionary epistemology is concerned with scientific
change. Its main claim is that there is a clear parallel between biological
evolution and the development of science. Both processes are propelled by the
combined workings of random variation, non-random selection, and transmission. All dynamic systems which contain these three Darwinian principles
evolve: they are knowledge-gaining processes. Darwinian VST-algorithms
accumulate and store information about the world. There are many obvious
differences between biological evolution and scientific change, but what they
have in common is that they both contain a mechanism which results in
variants continuously being tested, retained and eventually stored in a medium.
What adaptive evolution and the increase of knowledge have in common is
that both processes apply the same underlying strategy: examine as many
potential solutions as possible, hold on to what works, and always try to
improve the present situation.
The gradualness of biological evolution is not at odds with the quirky
pattern of scientific change. Besides the fact that we are dealing with totally
different time scales, it must be remembered that biological evolution is
gradual only on average. Just as in the case of scientific development, periods
of rapid and explosive evolution may alternate with periods of stagnation. The
conventional reading of Kuhn's account of scientific change is too radical.
There are neither rational breakages nor any other fundamental ruptures in the
history of science. Scientific revolutions are explainable in rational terms. The
history of science shows that scientists changed their mind because the new
conceptual framework had a greater explanatory force. Kuhn's alleged
relativism is incompatible with an evolutionary philosophy of science.
In their criticism of evolutionary epistemology both Putnam and Van
Fraassen have mixed up the two branches. The fact that natural selection has
moulded our reasoning does not imply that all of our beliefs are rational, let
alone that all beliefs have survival value. Our ability to hold and transmit
beliefs about the world has survival value, not each and every individual belief
itself. Similarly, science may have its roots in biology, but this does not imply
that contemporary theories and procedures still contribute to survival and
reproduction in any sense.
There is no direct link between biological evolution and culturalscientific change. Yet many sociobiological models still assume that cultural
change ultimately must be explained in terms of a differential proliferation of
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genes. These models view cultural, conceptual and technological achievements
as complex, extended phenotypic traits which ultimately will influence genetic
fitness. In my opinion these models are applicable only to those traits which
evidently increase or reduce genetic fitness and since most cultural and
technological achievements no longer influence survival or reproduction it
follows that cultural-scientific changes are uncoupled from biological
evolution. Culture and science are evolutionary processes in themselves. In the
biological sphere the gene is the currency of evolution. In the cultural-scientific realm the même (beliefs, ideas, procedures, theories, etc.) is the currency
of evolution. Meme-based evolution therefore cannot be reduced to gene-based
evolution. We may call the belief that culture and science are a literal extension of biological evolution the 'Machian fallacy' because Mach indeed took
seriously the idea that culture and science are but instances of a covering
biological process.
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Wheels within Wheels

The genetic level: adaptation and environment
18. Life in the Precambrian oceans
Following the basic insight that evolution is a universal knowledge-gaining al
gorithm, we now are able to distinguish three hierarchically related levels at
which knowledge gathering takes place. That the levels are hierarchically
related means that evolutionary processes at higher levels are built upon and
constrained by prior selection processes at the lower levels. Together they
comprise what Donald Campbell (1974a, 419) has called 'a nested hierarchy
of selective-retention processes.' I shall demonstrate that each level contains
its own VST-algorithm and its own appropriate locus of information storage.1
We have seen that the first and most fundamental stage at which
knowledge gaining takes place is represented by the process of biological
evolution. Biological evolution is a process in which vital information about
the environment is selectively retained and eventually stored in a population's
gene pool. We may therefore call it the genetic level. Genes are selfreproducing units which determine particular traits in organisms. Darwinian
VST-algorithms ensure that out of a wealth of variation a few genetic variants
will be selectively retained, namely those which happen to be beneficial in a
specific habitat.
It is not true, however, that the first VST-algorithms coincided with the
origin of life on our planet. The first organisms were primitive unicellular

1

In his seminal paper 'Evolutionary Epistemology', Donald T. Campbell (1974a)
originally distinguished at least ten or more levels at which knowledge gaining
occurs, each level containing its own VST-algorithm. Henry С Plotkin & John
Odling-Smee (1979; 1981; 1982) subsequently have tried to refine Campbell's nested
hierarchy by reducing the ten (or more) levels into four more basic stages. Plotkin &
Odling-Smee distinguish a genetic level, an embryonic-ontogenetic level, an organic
level and finally a cultural level. Recently, Plotkin (1994) has argued that the
hierarchy comprises only three basic levels, viz., a genetic, an organic, and a
cultural level. In this thesis I will adopt Plotkin's latest proposal, not only because it
is more economical than the earlier models but also because it is more efficient in
dealing with the various stages at which evolutionary processes and VST-algorithms
occur.
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bacteria and blue-green algae called prokaryotes which emerged in the
Precambrian oceans some 3.5 billion years ago. In the following 2 billion
years these prokaryotes remained the only form of life on earth. It was only
some 1.5 billion years ago that other unicellular organisms, the so-called
eukaryotes, with modern cell organella like nuclei, mitochondria, and
chloroplasts emerged. One important reason for this lengthy delay was the fact
that the prokaryotes reproduced asexually. There was high-fidelity transmission of genetic material but there was no abundant pool of genetic variation
and hence no cumulative and creative selection process. During 2 billion years
the prokaryotes simply made faithful copies of themselves. So the first genuine
VST-algorithms originated only after the eukaryotes had emerged. The
eukaryotes reproduced sexually and this evolutionary invention allowed a
recombination or 'reshuffling' of genetic material with every new generation
of organisms. The result was a steady development of multicellular organisms
whose cells acquired novel functions like the production of tissue, rudimentary
limbs, and organs, etc. In sum, if one wishes to depict biological evolution as
a knowledge-gaining process, one should bear in mind that veritable increase
of information only occurs when complete Darwinian VST-algorithms are
available. If one or two of the ingredients are absent, evolution will neither be
cumulative nor creative.
At the primary genetic level, knowledge gaining ultimately takes the
form of biological adaptations. As I have demonstrated earlier, the gene pool
of any particular species is a reserve in which an enormous amount of information about the environment has been accumulated. This information, in
turn, will be translated into phenotypic characters through the processes of
embryogeny and ontogeny. Some of these phenotypic traits perhaps will be
neutral with respect to the organism's fitness. But other features will reflect
certain aspects of the environment, thus enabling the organism to cope with
the manifold conditions and properties that exemplify a particular milieu.
Recall the example of the polar bear's insulating blubber and white fur: the
design of the polar bear reveals various aspects of the arctic environment.
Hence we may say that all adaptations reflect knowledge about the world.
Again, some philosophers may have doubts whether the concept of
knowledge can be sufficiently extended to cover biological adaptation as well.
After all, there is an obvious discrepancy between biological adaptation and
the process of knowledge gaining in the original sense. For instance, one
could rightly argue that the increase of knowledge (commonly understood) is
the result of purposive actions of intentional agents, whereas adaptation is
neither purposeful, nor intentional, but overtly blind. The latter claim is the
main lesson Darwin has taught us. What made the message in The Origin of
Species particularly revolutionary was that, for the first time, a mechanism
was offered which explained functional complexity in the organic world
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without an appeal to intentional design. Darwin taught us that adaptation is the
result of the blind and opportunistic forces of natural selection. I do not deny
that there are prominent differences between adaptation and human knowledge,
but I believe that both processes are still sufficiently related to be analyzed in
terms of VST-algorithms. There is a difference in degree, not a difference in
kind. Intentional and purposive aspects perhaps make human knowledgeprocesses more efficient and faster than biological evolution, but in both cases
the underlying mechanism is the same.

19. Environmental shifts
Critics of evolutionary epistemology often say that adaptation is only relative
to a particular milieu, i.e., that adaptation is relative to local criteria. Organisms, they argue, continually chase their changing environments and in the
unfortunate case of a drastic environmental shift, say a sudden change in
climate, most of the adaptations that plants and animals exhibit will no longer
be useful. This view is true to a certain extent. The relation between an
organism and its environment and ecological niche is indeed very intimate and
hence very fragile.
The same bleak prospects hold for those occasions in which the environment itself remains unaltered but where the organism is forced, for
whatever reason, to occupy a new ecological niche. Fierce competition among
different species of animals, for example, may drive a population out of its
familiar and relatively safe environment. Such animals are thus forced to
explore an unknown territory with all of its indigenous dangers. Needless to
say that such 'intruders' in turn change the environment of the organisms
which already occupied that particular ecological niche. For instance,
biologists are well-acquainted with the destructive effects which escaped cats
and rats can have on remote islands inhabited by animals which are unfamiliar
with predators. These indigenous animals simply cannot cope with the invaders and as a result the population can be decimated within the span of a
few years. One such tragedy actually occurred in Lake Victoria, Tanzania. In
order to supply local fishermen with big, edible fish, British colonial
functionaries imported and subsequently set free a number of non-endemic
Nile perch. These huge predator fish reproduced rapidly and within a few
decades they wiped out a considerable part of the multifarious fauna, in
particular the hundreds of different species of cichlid fish indigenous to Lake
Victoria.2

2

Cf. Tijs Goldschmidt 1994 (in Dutch).
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So in all such cases many of the adaptive features that organisms
exhibit and which have been accumulated over hundreds of thousands of years
are no longer effective. The cichlid fish of Lake Victoria simply could not
cope with the sudden introduction of Nile perch because in the evolutionary
history of the animals big predators were absent. Hence it seems that in such
cases the evolutionary algorithm has to begin from scratch. Since adaptations
are closely related to particular aspects of an environment, these adaptations
are ineffective when the environment changes. Because previously established
knowledge about the world is no longer valid, Darwinian VST-algorithms
have to scan the altered environment all over again. Eventually they will
selectively retain and store new information, information which in turn will be
translated into novel adaptations. Instead of refining the adaptations already
present, random variation now has to be exploited in order to overcome the
environmental shift. So where in the old, familiar habitat a particular mutation
would have had little chance of being incorporated in the population's gene
pool, in the new or altered environment that mutation may turn out to be quite
advantageous. Let me give an illustrative example.
Bernard Kettlewell's (1973) classic study of industrial melanism in the
peppered moth (Bistort betularia) is a fine example of how a particular species
can adjust itself quite rapidly to environmental changes. In collections made in
Britain before the industrial revolution, the moth always had a light, peppered,
colour. The moths thus were perfectly camouflaged on tree trunks and rocks
covered with common light-coloured lichen. However, with the rise of
industrial activity and increase of pollution the lichen gradually disappeared
and the trees and rocks (as everything else) now were blackened with soot.
Thus no longer protected by their camouflage, the moths were easily spotted
by several species of visually hunting, insect-eating birds. But surprisingly,
within a few decades a dark-coloured variant of B. betularia emerged which
soon completely displaced the original light-coloured one. The dark, melanic
form was first recorded in 1848 near Manchester and it then increased in
frequency until it made up more than 90 % of the populations in polluted
areas in the mid 20th century. In unpolluted areas the light form remained
common. The black moths, of course, again were perfectly adjusted to an
environment covered with soot.3 (Note that the relatively rapid response of
the peppered moth is primarily due to the short generation time of these
insects. It would take other animals, like most vertebrates, much more time to
increase the frequency of a particular beneficial mutation in the population.)

3

Cf. William T. Keeton & James L. Gould 1986, pp. 873-874. Mark Ridley 1993,
pp. 95-101. Richard Dawkins 1996, pp. 77-78. Monroe W. Strickberger 1996, pp.
508-509.
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20. The many worlds of constructivism
So a particular organism and its ecological niche are mutually related. The
geneticist and evolutionary biologist Richard C. Lewontin (1982) for instance
says that organism and environment comprise a 'dialectical relationship'. But
Lewontin (1978; 1983) also makes a much stronger claim which I consider to
be false. He believes that unoccupied niches are conceptual impossibilities,
i.e., that ecological niches have no existence independent of the organisms that
occupy them.
Of course, as Ernst Mayr (1982) rightly points out, the question
whether niches exist independent of organisms first of all depends on how one
defines an 'ecological niche'. Most biologists and ecologists think of niches in
terms of the functional roles populations play in an ecological community. A
description of a niche would then comprise the resources utilized, the parasites
and predators to be avoided, etc. The philosopher Robert N. Brandon (1990,
47 ff.) makes a helpful distinction between 'external' and 'ecological' environments. The external environment may be defined as all factors, both biotic and
physical, external to the organisms concerned. The ecological environment, on
the other hand, reflects those aspects of the external environment that affect
the organism's reproductive output. Since ecological environments are defined
in relation to the organism's fitness, it follows that the first cannot exist
independently of the latter. The external environment, on the other hand, does
exist independent of the population concerned. Yet this does not mean that the
external environment is irrelevant to evolution by natural selection. On the
contrary. Brandon (o.e., 69), like Lorenz, gives the example of different
species of animals which all have been adapted to an aquatic habitat. Not only
fish have fins, but also mammals (whales and seals), birds (penguins) and
reptiles (sea turtles and the extinct ichtyosaurus) developed fins or flippers.
This provides clear evidence that water is a part of all these animals' external
environments. During evolution they have been shaped by it.
I believe that this particular issue is remarkably similar to a notorious
problem raised in epistemology and philosophy of science, namely the question whether there is a structured reality independent of our knowledge of it.
Recall my discussion of Thomas Kuhn (§ 13). Kuhn sometimes suggests
(again, I deliberately use the verb 'suggest' here because Kuhn is not entirely
clear on this matter) that when a scientific revolution or paradigm shift takes
place, ontology too will change. A constructivist reading of Kuhn says that we
can know the world only through our language, concepts, and scientific
theories. Furthermore, a constructivist will argue that different epochs and
cultures employ different categories and concepts which means that people
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belonging to different epochs, etc., have different conceptions of reality.4 I
believe that these claims are trivially true. But all too frequently they are
accompanied by a further assumption which to my mind is false, namely the
Kantian theme that the known world is (partly) our construction created by the
imposition of our concepts and categories. For instance, a die-hard constructivist might say that because an independent reality is beyond the reach of our
knowledge, and because the concepts used to construct a known world differ
from group to group, it follows that each such world exists only relative to an
imposition of concepts. Hence Kuhn (1970, 111), as always cautious, says:
'the historian of science may be tempted to exclaim that when paradigms
change, the world itself changes with them.'
In § 10 I demonstrated that Putnam's doctrine of internal realism leads
to similar constructivist conclusions. According to Putnam (1981), there is no
structured world independently of conceptual schemes. We cut up the world
when we introduce one or another scheme of description. So internal realists
and constructivists believe that the world conforms to our concepts and
categories rather than the other way around. To hold on to a precategorized
'ready made world' independent of conceptual schemes would therefore be a
naive mistake.
I firmly disagree with these views. Just as there are ecological niches
and livable environments independent of the organisms that might occupy
them, there is also a prestructured, knowable world which exists independently
of human beings or any other sentient organisms. It is true in a trivial sense
that we cut up the world when we employ a certain scheme of description.
The point is that we may do so wrongly. As I mentioned in the previous
Chapter, the fact that our conception about the world changes does not entail
that the world changes with it. We do not (partly) construct reality by imposition of our concepts and categories. I would rather say that, in reverse
order, the natural world (partly) determines and constrains our use of language, concepts, and categories, etc. Similarly, although organisms and
ecological niches may be closely related, organisms do not 'construct' their
environments in any sense. As James Gibson (1979) explains:
The niche implies a kind of animal, and the animal implies a kind of
niche. Note the complementarity of the two. But note also that the
environment as a whole with its unlimited possibilities existed prior to
animals. The physical, chemical, meteorological, and geological
conditions of the surface of the earth and the pre-existence of plant

4

For a critical discussion of (Kuhnian) constructivism, see: Michael Devitt 1991,
especially Chapter 9.
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life are what make animal life possible. They had to be invariant for
animals to evolve. (1979, 128)
The world is full of, what Gibson (o.e., 127 ff.) calls, 'affordances'. Affordances are what the environment offers the organism, what it provides or
furnishes, either for good or for ill. The organism may depend on its environment for its life, but the environment does not depend on the organism for its
existence.
What also should become clear is that it is misleading to say that
adaptation is only relative to local criteria, i.e., relative to a particular milieu.
As I already argued in § 11, any given environment comprises both local and
global aspects. Local aspects, like the vegetation, soil, temperature and the
presence of food and water, etc., are to some extent temporary and contingent. But global aspects, like the properties of air and water, seasonal changes, the existence of penetrable and impenetrable substances, and the earth's
gravitation, etc., are permanent and common to all habitats. Taken together
the global aspects constitute what I would call the physical environment. All
organisms are adapted to this physical environment. What is more, the
physical environment was a necessary prerequisite for the origin of life itself.
The fact that biological evolution through natural selection has taken place,
implies that there must be regularities in the world.

21. Just so stories
It is important to keep in mind that I am not claiming that all phenotypic traits
of organisms are adaptations. That is, we must not commit the adaptationist
fallacy by assuming that each and every feature of organisms is the result of
natural selection or that every aspect of the living world is optimally designed.
Gould & Lewontin (1979) have argued that we should accept a pluralism of
evolutionary processes rather than relying exclusively on natural selection.
They assert that many evolutionary changes may take place by neutral
evolution or random genetic drift. I admit that neutral evolution and genetic
drift are prominent forces in nature. Yet the problem with neutral evolution
and random drift is that they cannot account for adaptations. The only known
scientific explanation of adaptation is natural selection. So one can be a
pluralist about evolution, but when one is studying adaptation, natural selection must be invoked.
However, evolutionary biologists do not always agree about which
amount of evolution is adaptive and which is non-adaptive. Thus Gould &
Lewontin accuse some of their colleagues of 'Panglossian optimism' (after dr.
Pangloss in Voltaire's Candide) with respect to the alleged omnipresence of
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adaptations. They do acknowledge the fact that natural selection is the only
explanation of adaptations, but they deny that adaptive evolution is common.
Gould & Lewontin believe that a speculative attribution of putative functions
merely results in wild fantasies or 'Just So Stories' (after Rudyard Kipling
(1902) who wrote short children's tales with titles such as 'How the Camel got
its Hump' and 'How the Leopard got its Spots'). The ease with which adap
tationist scenarios can be constructed casts considerable doubt on the entire
programme. According to Gould & Lewontin, adaptationists often think that
their evolutionary explanations are simply too good not to be true. Gould &
Lewontin warn them to be cautious because the alleged 'pervasive' adaptations
might well be nothing but accidental effects or by-products of evolution.
I think that Gould & Lewontin's claims are too harsh. Surely, it is true
that biologists usually adopt the design stance when they study the living world
of plants and animals, i.e., they regularly ask themselves whether a particular
trait might have a function or not. This strategy has proven quite successful
and, as long as one realizes that not all traits necessarily have functions, it is
also quite harmless. As the renowned biologist George C. Williams (1996, 19
ff.) points out, over the centuries, every advance in physiology began with the
question: 'What is the function of a given structure or organ?' Gould &
Lewontin's criticism notwithstanding, adaptationist storytelling continues to be
a powerful method for the discovery of important facts about the living world.
Indeed, the adaptationist position is basic to our understanding of biological
evolution because the primary feature of all living organisms is their subjec
tion to selection. So although we often may not know the adaptive explanation
for a particular character, the search for such explanations remains one of the
most important goals of evolutionary biology.
Not surprisingly, then, Dennett (1995, 278) lists several distinguished
biologists like Dawkins and John Maynard Smith who accept Gould & Lewon
tin's pluralism as a call not to abandon, but rather to improve adaptationism.
Gould & Lewontin's claims have failed to impress practicing biologists both
because adaptationism is successful and well-founded, and because its critics
have no alternative research programme to offer. Hence if biologists want to
ask and answer evolutionary 'why' questions, they have no choice but to be
adaptationists. But let me remind you that few biologists will claim that every
feature of the living world is optimally designed or that all phenotypic traits
are adaptations. One can hold that all adaptive traits are the result of natural
selection without holding that all traits are adaptations. Gould & Lewontin
therefore commit the straw man fallacy: the view they fervently oppose has in
5
fact never been taken seriously.
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Cf. E. Мауг 1988, pp. 127-159. M. Ridley 1993, pp. 325-326. D. Dennett 1995,
pp. 238-251 and pp. 267-282.
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Summary
The genetic level is the first stage of the nested hierarchy where knowledge
about the world is gained. At this level the site of information store is the
population's or the species' gene pool. The first level also appeared earliest in
the history of life and it is fundamental to any lineage which eventually
evolved subsequent levels of knowledge gaining. The genetic level is therefore
the example of information-gathering by means of Darwinian VST-algorithms
par excellence. Vital knowledge about the world which has been accumulated
during millions of years ultimately takes the form of adaptations. These
adaptive features are indispensable for the organism to cope with its environment. The idea that adaptation is only relative to a particular milieu is false.
Organisms are not only adapted to local aspects of their environments but to
global ones as well.
The question whether ecological niches can exist independently of the
organisms which might inhabit it must be answered affirmatively. Any given
habitat comprises both local and global aspects which exist independently of
the organisms that might occupy it. The issue is similar to a notorious problem
in philosophy, viz., the question whether there is a structured world independent of our knowledge of it. Constructivists claim that a prestructured world is
beyond the reach of our knowledge and language. We cut up the world by
employing language, concepts, and theories, etc. Hence, because the concepts
used to construct the known world differ from group to group and from time
to time, it follows that each such world exists only relative to a particular
imposition of concepts. I disagree. Just as there are ecological niches and
livable environments independent of the organisms that might inhabit them,
there is also a prestructured, knowable world which exists independently of
human beings or other sentient organisms. The fact that our conceptions about
the world alter, does not imply that the world alters with them. We must
rather say that, in reverse order, the world contrains our language, concepts,
and theories.
Not all phenotypic traits have biological functions: some features may
be the result of other processes than natural selection, for example, they may
be the result of random drift. Biologists differ about what amount of evolution
is adaptive, but they agree that if adaptations are present they must have been
the result of natural selection. Gould & Lewontin's criticism notwithstanding,
the search for adaptationist explanations remains as important as ever.
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The organic level: the emergence of Darwin machines
22. Generational lag-time
Certain kinds of changes in the world are so rapid that the VST-algorithms by
which knowledge is gained at the primary, genetic level cannot detect them.
Knowledge gathering at the first level is restricted by the relatively slow
generation time of organisms. The first level, that is, operates at a pace
determined by how long it takes an organism to get from conception to when
it itself is able to reproduce. The sieving process at the first level thus has a
lag-time: the set of genetic instructions within the germ cells of any organism
cannot be continually updated in Lamarckian fashion. It is only through sexual
reproduction and genetic recombination that this information can be reshuffled
in such ways that it might be favoured by natural selection. So if certain highfrequency chances are significant for a particular species of organism, a
second level is needed which can operate at higher rates and hence can track
such rapid changes.
We may call the second level at which knowledge gaining occurs the
organic level because at this stage we encounter complex organs which contain
their own Darwinian VST-algorithm and their own locus of information
storage. These organ systems thus can compensate for the relatively slow
generation time of higher animals by inducing a secondary informationgathering process within the confines of the primary level. The vertebrates'
immune system and the animal and human brain constitute two examples of
such organs. Borrowing the phrase of the neurobiologist William Calvin
(1987), we can aptly call them 'Darwin Machines'. The immune system and
the brain are not only assembled by Darwinian principles, they also operate
according to Darwinian principles.

23. The immune system as a Darwin machine
Modern immunology has revealed that the vertebrates' immune system
operates by a random and massive production of a certain class of white blood
cells called В lymphocytes (so called because they mature in the bone mar
row). The role of В lymphocytes is to manufacture antibodies which inactivate
and destroy specific invading micro-organisms and their products called
antigens. When micro-organisms have infiltrated the vertebrates' body, some
restricted sample of the В lymphocytes is selected by fit to the antigen. The
matching lymphocyte cells are then reproduced and propagated into the future
as antibodies. The Australian virologist and immunologist Frank Macfarlane
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Burnet (1957) has called this process clonal selection. But a stimulated В
lymphocyte also gives rise to other lymphocytes like itself. These particular
lymphocyte cells are then stored, serving as the immune system's memory
cells. The memory cells make possible a rapid response if the same antigen
should be encountered again. Gary Cziko (1995) provides the following
comprehensible account of how clonal selection presumably works:
[T]he clonal selection theory states that a very large number of unique
В lymphocytes to which are attached antibody receptors are always
circulating throughout the body. Their great diversity results from the
random recombination of immunoglobulin gene fragments and random
insertion of DNA sequences as the В cells develop. This blind diver
sity of В cells virtually ensures that at least one will produce an
antibody that will bind with an antigen that makes it way into the
organism. The binding of a В cell's antibody with an antigen
stimulates the cell to divide and produce clones, with successive
generations of reproducing clones resulting in an exponential rise over
time in the number of circulating antibodies of the selected type.
Some of the В cell clones remain in circulation to form the immune
system's memory of the antigen. Others terminally differentiate,
forming plasma cells that produce large numbers of antibodies that
fight the current infection. Finally, as the В cell clones reproduce they
undergo a high rate of somatic mutation that, when combined with the
continued selection pressure exerted by the antigen,fine-tunesthe fit
of the antibodies to the antigen (1995, 46)
As Cziko, Peter Munz (1993), Henry Plotkin (1994), and others have
rightly noticed, the vertebrates' immune system is a Darwinian evolutionary
process at a higher level and in a completely different medium. There is not
only random variation and selective retention among organisms, but also
within organisms. Most contemporary immunologists for instance agree that
there is no Lamarckian instruction involved but Darwinian selection. Recall
my discussion of Lamarckism (§ 5). In Lamarckian evolution there is no need
for random variation and selective retention because Lamarckian evolution is
directed, with the production of useful and adaptive variants being directly
instructed or moulded by external, environmental pressures. However, at the
end of the 19th century Lamarck's theory of evolution was proven false by the
German biologist August Weismann. By disproving the doctrine of inheritance
of acquired characters, Weismann undermined the foundations of Lamarckism
in evolutionary biology once and for all. Weismann rightly assumed that the
germ cells remain unaffected during changes of the organism's body. Hence
nothing that happens to the organism's body can be communicated to the DNA
contained in the germ cells. There are causal arrows leading from genotype to
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phenotype but not the other way around. This makes Lamarckian inheritance
of acquired characters essentially impossible.
Contrary to direct Lamarckian instruction, indirect Darwinian selection
initially involves a blind over-proliferation of variants, the production of which
is unconnected with the population's needs at the time. After the randomly
generated variants have gone through some sieving mechanism, a few variants
perhaps will be selectively retained and eventually stored in the information
reserve already present. In short, Darwinian algorithms require that all
instances of increased fit and correspondence are due, not to some special
providential foresight, but to the hindsight of a selective system. With regard
to the immune system, Plotkin writes:
[U]ntil the 1950s, the immune system was thought to acquire immunity to disease through a Lamarckian instructional mechanism. That
is, it was thought that when antigen enters an animal the antigen
serves as a template to direct the synthesis of antibodies. In other
words, it was thought that antibodies are produced as a direct adaptive
response to the needs of the animal, with lymphocytes having their
highly malleable structure moulded into specific antibody form by the
structure of the antigen. (1994, 72)
The first selectionist theories were proposed in the 1950s and 1960s by
the Danish immunologist Niels Jeme (1955) and Frank M. Burnet (1957).
Subsequently, from the 1970s onwards, the molecular biologist and neuroscientist Gerald Edelman (1974; 1988) elaborated this novel approach in considerable detail. Today the selectionist account is generally accepted. Most
immunologists are convinced that an abundant and random production of
antibodies precedes the entry of the foreign body and that, subsequently, the
antibodies most hostile to the entering antigen get selected and reproduced. So
antigens are not templates: they do not directly mould the antibodies as
instruction theories had assumed. Instead, antigens react to those randomly
generated antibodies which are most malicious to them. Hence a vertebrate's
body cannot be stimulated to make specific antibodies as a response to
invading foreign bodies unless it has already been confronted with similar
antigens. That is, the immune system can respond successfully to antigens
only if an earlier random emission of different antibodies and a subsequent
sieving process have yielded the proper effect. That is why vaccination works.
Through the injection of a small and weakened sample of antigens the immune
system is triggered to release a massive variation of antibodies, a few, or
perhaps only one of which will be selectively retained by fit to the antigen.
Just as genes in the germ cells cannot be directly instructed to respond to
environmental pressures, antibodies cannot be directly instructed to respond to
invading antigens. In both cases the fit occurs only afterwards, i.e., when the
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VST-algorithms have done their job. In short, our understanding of the
immune system's operations has progressed from a providential explanation
via a Lamarckian instruction-based one to a purely Darwinian selectionist
account.
It should be noted that my discussion of the immune system is not
meant to be exhaustive because modem immunology is far too complex to be
dealt with in these few pages. My discussion is only meant to illustrate that
the immune system works according to Darwinian principles. The immune
system is a Darwinian information-gathering process in its own right. Note
that the three conditions for genuine Darwinian evolution to occur are satis
fied. First, there is a massive and random variation of В lymphocytes.
Secondly, there is selective retention by fit to an antigen. And finally, there is
transmission because the selected В lymphocytes are clonally reproduced as
antibodies. Information storage is ensured by the production of memory cells
which resemble the original В lymphocyte cell, but have reverted to a resting
form. The memory cells are available to respond on second exposure to the
antigen, provided that the interval is more than a few days and less than
several years. A remarkable characteristic of immunity reactions is the very
exact one-to-one matching of antigen and antibody. Thus the immunological
reaction excited by antigen A has an effect on A alone and not on antigens B,
C, and D, etc. Contemporary immunologists have discovered that the immune
system is at least as complex as the nervous system: it is estimated that there
might be up to 10 billion (1010) different kinds of В lymphocytes in any
individual animal.6
David Hull (1988b, 441) rightly argues that the main reason why
vertebrates have evolved such a complex device is that the immune system has
to react as rapidly as viruses can replicate. Vertebrates and viruses have
different rates of generation time. Viruses have an obvious advantage because
of the rapidity with which they can replicate and hence evolve. Several new
strains of virus can easily develop in the space of a single vertebrate
generation. As a result their hosts cannot keep up solely through the VSTalgorithms at the first, genetic level. To keep in pace with the viruses'
generation time, a secondary level is needed. This auxiliary level is nested
under the first level: it is a wheel within a wheel so to speak.7

6

Cf. W.T. Keeton & J.M. Gould 1986, pp. 764-778. See also: D. Hull 1990, p.
83. Alfred I. Tauber (Ed.) 1991. H. Plotkin 1994, pp. 70-72. Gary Cziko 1995, pp.
39^8.
7
1 owe this metaphor to H. Plotkin 1994.
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24. The brain as a Darwin machine
The animal and human brain might be another example of a wheel within a
wheel at the second, organic level. Just as the initial research programmes in
immunology, much of the traditional neuroscience literature has been based
upon (direct) instructionalist theories. But in recent years there has been a
similar shift towards (indirect) selectionist scenarios. That is, more and more
neuroscientists believe that the brain is a genuine Darwin machine. Selectionist
theory, you will have grasped by now, demands that direct instruction must be
avoided in explaining any design achievements or increases of fit. This gradual
shift in research is due primarily to the work of neuroscientists like JeanPierre Changeux (1985) and Gerald Edelman (1985; 1987) who emphasize that
brain development involves a Darwinian process of variation and selection of
neurons and synaptic structures. (Again, it should be noted that my discussion
of the brain and nervous system is not meant to be exhaustive. It is only meant
to provide evidence for the hypothesis that the brain and nervous system may
operate according to Darwinian principles.)
In former days brain researchers assumed that the structure and synaptic
wiring of the brain and nervous system are laid down in the animal's genes.
The animal's genetic blueprint thus would completely and directly control the
production of nerve cells and synaptic connections. However, the problem
with the traditional view according to which the genome contains the complete
information for the construction of the nervous system is that the genes simply
do not have enough storage capacity to specify all neuronal pathways and
connections. As Cziko (1995, 58) points out, it is estimated that the human
neocortex alone has about 1015 synapses, whereas the human genome has only
about 3.5 billion bits of information (nucleotide base pairs). A further problem
with the traditional view emerged with the study of genetically identical
clones. If the genome completely controlled the development of its nervous
system by some preestablished code, it should be the case that genetically
identical animals should have structurally identical nervous systems. Yet
examination with the aid of electron microscope of clones belonging to the
species Daphnia magna (a small fresh-water crustacean commonly referred to
as the water flea) revealed that although the genetically identical animals all
have the same number of neurons, considerable variation exists in the exact
number of synapses and neuronal pathways. In more complex animals, this
variability of nervous systems increases. This provides clear evidence that the
structure and wiring of the nervous system is not entirely hard-wired in the
animal's DNA. But if the functional structure of the brain and nervous system
is not specified by the animal's genome, where does it come from?
The first indication that the operation of the brain and nervous system
could be the result of some sort of selection mechanism emerged with the
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discovery of the phenomenon of 'neuron death', i.e., the degeneration and
elimination of nerve cells during ontogeny. For instance, the neuroscientist
Viktor Hamburger (1975) discovered that in a certain area of the spinal cord
of the chicken embryo over 20.000 neurons were present, but that in the adult
chicken only 12.000 (60%) of these cells remained. Subsequent research on
mammals showed that even entire groups or categories of brain cells could be
eliminated during ontogeny, notably those cells within the most superficial
layer of the cerebral cortex.8 David Hubel & Torsten Wiesel's (1979) study of
changes in the visual cortex of cats provided a few clues as to why some
neural connections could disappear altogether. In Hubel & Wiesel's experiment, newborn kittens were raised in the dark except for a few hours of
controlled, artificial exposure to light each day. During the exposure period
the kittens wore specially fitted goggles that allowed one eye to see only
vertical lines and the other eye to see only horizontal lines. After a few weeks
the response characteristics of the kitten's visual cortex cells were assessed.
Two startling discoveries were made. First, the cells that normally respond to
visual input to one eye responded only to those stimuli to which that eye had
been exposed. Thus, cells for the eye that had seen only vertical lines
responded to vertical but not to horizontal lines, and cells for the eye that had
seen only horizontal lines responded to horizontal but not to vertical lines.
Second, none of the cells that were tested responded to input from both eyes at
once. In normal conditions, kittens would develop such 'binocular' cells.'
The data thus suggest that the brain's visual system adjusts its responsiveness according to experience. The adjustments that are made are tuned to
the particular inputs that are received. Further support for this conclusion
came from an experiment in which one eyelid was surgically closed. Kittens
whose eye was shut immediately after birth lost all ability to see with this eye
when it was opened several months later. It was found that cells that would
normally respond to visual input no longer did so. Instead, those cells only
weakly responded - if at all - to input from the other eye. Likewise, cells that
normally responded to input from both eyes responded only to input from the
eye that had not been sewn shut. Remarkably, even one week without sight
altered the connections of the kitten's eyes to a particular layer of the cortex.
Axons (i.e., long threadlike parts of nerve cells which conduct impulses from
the cell body) carrying nervous signals from the closed eye made fewer
connections with the cortex, whereas axons from the open eye made many
more connections than was normal. Similar experiments have shown that such
developmental changes are not idiosyncratic to the visual system. They seem
to apply to neural functioning in general. These results support a view of
8
9

Cf. Jean-Pierre Changeux 1985, p. 217. G. Cziko 1995, pp. 59-60.
Cf. N.A. Stillings et al, 1987, pp. 285-286.
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neural development in which particular information-processing functions are
served by particular groups of neurons. Yet if those functions are unused,
their associated neurons either come to serve other, related, functions or they
disappear altogether. Furthermore, as Stillings et al., (1987, 287) and Cziko
(1995, 61) argue, it seems that the axons 'compete' for neural space in the
cortex, with the result of the competition dependent on the amount and type of
input.10
So the animal's genetic blueprint cannot account for the many developmental and functional changes in the brain during ontogeny. The brain and
nervous system are simply too complex to be entirely hard-wired in the
genome. Rather, we must say that the animal's genome provides the general
structure of the nervous system, and that nervous system activity and sensory
inputs subsequently provide the means by which the system is fine-tuned.
Expressed in the vocabulary of Campbell's nested hierarchy: the first, genetic,
level ensures the production of huge numbers of neurons and nerve endings
and the second, organic, level then selectively retains certain synaptic structures in favour of others due to environmental stimuli. In all such cases of
information-processing and learning, the locus of information store is the
central nervous system: instead of being genetically hard-wired, the animal can
acquire additional knowledge during its lifetime, knowledge which is stored in
the neuronal and synaptic patterns of the brain.
The crucial, and controversial, element of selectionist accounts of the
brain and nervous system development is that this functional fine-tuning does
not depend on adding new neurons and synaptic connections, but rather on
eliminating what was originally present. As Cziko puts it:
It is as if [a] radio arrived on the assembly line with twice as many
electrical components and connections as necessary to work. If such
an overconnected radio were plugged in and turned on, nothing but
silence, static, or a hum would be heard from its speaker. However,
careful removal of unnecessary components and judicious snipping of
redundant wires would leave just those components and connections
that result in a functioning radio. This snipping is analogous to the
elimination of synapses in the human brain as part of its normal
development. (1995, 62-63)
Experiments on rats indicate that during the first months of the animal's life a
rapid, and apparently random, burst in the number of synapses occurs
regardless of the amount or kind of sensory input. This period of synaptic
'blooming' is followed by a sharp decline in the number of synapses. Earlier I
10

Cf. D. Hubel & T. Wiesel 1979. H. Barlow, 1982. N.A. Stillings et al., 1987,
pp. 286-287. G. Cziko 1995, pp. 60-62.
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mentioned the fact that an adult chicken loses about 40 % of the neurons
originally present in the bird's spinal cord. Hence it seems that the initial
overproduction of synaptic structures is followed by a selective retention or
'pruning' of synapses which ultimately results in the configuration of
functional connections characteristic of the adult animal and human brain.
Similarly, Edelman's (1985; 1987) elaborate theory of 'neural group
selection' conjectures that functional connectivity in the brain is not the result
of processes imposed on the brain, as instructionist theories would demand.
Rather, as the brain with its neural structures first develops, it consists of
masses of neurons and neural groups which all are very densely interconnected. This massive circuitry is genetically determined, but it is not yet in
itself functional. Functional connectivity, i.e., synaptic structures that will
perform various neural functions, only emerges after some synaptic structures
get selected from the massive and genetically determined neural circuitry.
According to Edelman, which initial connectivity gets utilized for a particular
function is to some extent a haphazard matter. But utilization subsequently
reinforces a particular synaptic pathway, and other pathways that do not get
utilized are eliminated from the system. So functional connectivity does not
preexist the functioning. Rather, the connectivity develops as the functioning
itself develops. From a large preexisting set of various neural networks
formed during embryonic life, some networks are selectively retained in
accordance with the animal's experience, while others are eliminated. Edelman
further distinguishes 'primary' and 'secondary' repertoires. Once they are
selected, the primary repertoires do not change as the animal interacts with the
environment. The secondary repertoires (i.e., the functional structures), on the
other hand, are in constant revision throughout the animal's life.11 As Edelman's colleague Changeux puts it:
Each generation renews this selective shaping of the brain by the
environment. It is accomplished very rapidly compared with the
geological time scale of the genome's evolution. Epigénesis by selective stabilization saves time. The Darwinism of synapses replaces the
Darwinism of genes. (1985, 272)
The initial wealth of synapses may account for the striking plasticity of
the immature brain, i.e., it permits the learning of skills that can be mastered
only with much greater difficulty (or not at all) by the already pruned adult
brain. For example, consider the relative ease with which children learn to
speak a (foreign) language or leam how to play a musical instrument, etc. Yet
although the mammalian brain is most adaptive and receptive during the early
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See also: G. Edelman 1989. Edelman 1992.
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postnatal period, it continues to adapt and leam from experience throughout its
entire life. According to selectionist theory we must assume that learning and
memory are not the result of additive processes, but subtractive ones. That is,
learning and memory does not involve the formation of new synaptic connections or the strengthening of already existing ones, but rather the weakening or
total elimination of connections already present. Such subtractive processes
surely make sense when we are dealing with an overwired, immature brain
that may have twice as many synapses as it will have as an adult. But how
could subtractive processes operate in the mature brain which already has been
trimmed? Changeux' 'Darwinism of synapses' offers a possible solution to this
problem. Changeux believes that all adaptive brain changes are the result of an
elimination of preexisting synapses, but that these preexisting neural structures
need not all be present at the same time. He conjectures that, at least from
birth to puberty, various waves of synaptic overproduction occur, with
subsequent experience serving as a selection mechanism which retains useful
synapses and eliminates the useless or redundant ones. Each wave of synaptic
proliferation would thus provide the source of random variation on which
selection could operate.
One might object that learning therefore involves both additive and
subtractive processes. The additive element is exemplified by each wave of
synaptic blooming and the subtractive element is characterized by the selective
retention of useful connections. Yet as Cziko (1995, 67-68) rightly points out,
although the long-term result may be an overall addition to the number of
synapses, the actual selection process that fine-tunes the connections is
subtractive in nature. The entire process is analogous to a person repeatedly
taking two steps forward (randomly adding new synapses), followed by one
step backward (eliminating the useless or redundant connections just added).
In short, there is some evidence, albeit still speculative, that the mammalian brain, like the vertebrates' immune system, is a Darwin machine. The
brain and immune system initially were assembled by selection processes at
the genetic level. But when they became more complex in higher animals, the
immune system and the brain began to develop additional and much faster
selection processes of their own. In the case of the immune system, the
phylogenetic selection of genes is replaced by the much faster ontogenetic
selection of lymphocytes. In the case of the human and animal brain, the
phylogenetic selection of genes is replaced by the much faster ontogenetic
selection of synapses and neural pathways. Both organs have evolved to detect
rapid and significant changes in the world which cannot be scanned by the
relatively slow genetic VST-algorithm operating at the primary level. Additional selection processes, that is, can overcome the problem of generational
lag-time. So brains and immune systems are not only the result of Darwinian
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principles - they also operate according to Darwinian principles. The brain,
like the immune system, is a wheel within a wheel.
As I mentioned earlier, Edelman's and Changeux' ideas are still
controversial, although one can discern a growing interest in selectionist
accounts of brain development. Yet these accounts remain speculative as long
as there is no conclusive evidence for the claim that the impressive
achievements of the mammalian brain and nervous system are the result of
random variation and selective retention of synapses. Future
neurophysiological research perhaps will resolve the question whether the
brain is a real Darwin machine or whether we are misled by inappropriate
analogies.

25. The evolution of animal intelligence
It is important to note that the interaction between the first (genetic) and
second (organic) level of the hierarchy has some major consequences for epistemology. First, we must conclude that the empiricist's notion of the mind as
a tabula rasa is false: the slate is already written on when the animal comes
into being because many brain functions are influenced and biased by information acquired earlier at the primary, genetic level. As Plotkin (1994, 163)
puts it: 'Learning does not ever start from scratch, but starts from a position
at which the learning mechanisms know what it is that they have to learn.' In
other words, the second level already contains knowledge which was arrived
at by a VST-algorithm operating at the genetic level. This knowledge in turn
feeds into the second, organic level where it constrains other, auxiliary,
selective retention processes, notably those which are believed to operate in
the brain and nervous system. Secondly, animals and humans thus have
knowledge a priori, but it is knowledge that was initially acquired by the VSTalgorithm operating at the primary level. As we have seen in the previous
Chapter, Lorenz and his followers therefore argue that the Kantian notion of
the a priori (i.e., the categories of thought and the forms of intuition) has to
be understood in terms of evolution and adaptation. That is, an individual's (or
ontogenetic) a priori has to be reinterpreted as a phylogenetic a posteriori.
Innate knowledge in the form of instincts can be found in almost any
species of animal. Instinct eliminates the trial & error component from overt
behavioural responses. Instincts should be distinguished from habits. In the
case of habit, the animal merely responds appropriately to certain stimuli from
its environment, but in the case of instinct this information is literally incorporated in the organism's system. For certain behavioural responses to become
innate, stable environments and long evolutionary periods are required. When
these conditions are fulfilled, vital information about the environment at some
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point becomes hard-wired in the animal's genome. A classic example is the
behaviour of young ducks and geese which have just hatched. Ducks and
geese are precocial birds: they are able to walk from the moment of birth. It
therefore is imperative that they follow their parents and distinguish them from
all other birds if they are to survive. Interestingly, Lorenz found that he could
induce goslings to follow him instead if he removed the parents from view
during the first day after hatching. Indeed, newly born goslings and ducklings
can be induced to follow any moving Object', particularly if it manages to
imitate the correct species-specific call. Such young birds thus mistakenly
believe that the object they are following is their parent. Under normal
conditions, of course, such mistakes will not occur. Lorenz (1965) rightly
argues that the behaviour of the birds could be explained by what he calls
'innate teaching mechanisms'. These mechanisms are the result of a vast
number of earlier experiences of individuals in the evolutionary history of the
species.
A further and substantial improvement in learning was brought about by
animals equipped with a so-called open programme, a term coined by Ernst
Mayr (1964). Open programmes are contrasted with closed programmes which
are mainly found in species of invertebrates and arthropods such as insects.
Both open and closed programmes control teleonomic (developmental and
behavioural) processes in organisms, but closed programmes are entirely hardwired in the animal's genome, whereas open programmes are constituted in
such a way that they can incorporate additional information acquired through
learning, conditioning, and other experiences. The strategy to programme the
animal in advance was gradually replaced by the strategy to produce animals
with an open behavioural repertoire. The enormous advantage of the latter
strategy, often referred to as 'teleonomic plasticity', is that the animal always
has a range of choices at its disposal which makes the animal much more
flexible in any given situation. During the course of evolution, the brain and
central nervous system thus gradually allowed the animal a much subtler
interaction with its environment. Lorenz (1977, 65) depicts an open
programme as 'a cognitive mechanism able not only to acquire information
about the environment which is not contained in the genome but also to store
it.' The phylogenetically earlier closed programmes by contrast are characterized by a mere 'stimulation of an innate releasing mechanism and the
subsequent elicitation of a fixed motor pattern' (o.e., 57).
Next, in many species of vertebrates like birds and mammals we
encounter insightful problem-solving or what Campbell (1974a) calls 'visually
and mnemonically supported thought'. Such instances of problem-solving
require the support of an environment visually present in the animal mind. In
this mental space the animal can simulate imagined acts without the risk of
making (lethal) mistakes. As Dawkins (1976) points out, animals that can
81

Chapter 3
simulate the future are one jump ahead of animals who can only learn through
overt trial & error:
The trouble with overt trial is that it takes time and energy. The
trouble with overt error is that it is often fatal. Simulation is both
safer and faster. (1976, 59)
At a relatively recent stage in evolution a particular species of social
primates, the hominids, developed and refined the use of imitation, language,
and culture. From now on acquired knowledge and information could be
transmitted non-genetically from individual to individual and from group to
group. To be sure, the emergence of imitation and (rudimentary) forms of
culture is not solely restricted to the human domain. Many kinds of animals
are able to imitate advantageous behaviour and hence to pass on such
knowledge in non-genetical ways. Yet the hominids seem to have made it their
trade mark. For instance, contrary to transmission of information in the animal
domain, transmission in the human realm is not confined to close relatives but
may occur between distant populations, groups, and cultures.
Of course, from a functional point of view it is also quite appropriate to
speak of the 'language' of bees, even though the transmission of information
to other bees is an innate response which takes place without the conscious
intention to communicate. The functional role of human language and bee
language is the same in the sense that outcomes of exploration can be communicated from scout to follower. As the classic study of Karl von Frisch
(1967) demonstrated, if a forager bee has discovered food he returns to the
hive and performs a so-called 'waggle dance', the form and timing of which
tell the other bees both the compass direction and the food's distance from the
hive. The philosopher Ruth Millikan (1984) argues that although bee dances
are 'intentional items' (i.e., items that are 'about' other things), they are not
representations in the sense that they contain denotive elements. After all, von
Frisch knew what bee dances are about, but it is unlikely that the bees
themselves do. Hence Millikan thinks that interpreter bees presumably do not
identify the referents of the waggle dance but merely react to it appropriately.
So in Millikan's vocabulary an intentional item (or icon) can do its job despite
the fact that the 'interpreter' does not have any grasp of what it is about.12
What counts is that the transmission of information from scout to follower
greatly reduces the otherwise laborious foraging explorations of solitary bees.
Extending this view, one also could label the use of pheromones as an
application of 'language'. Many species of insects secrete special chemicals
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Cf. R. Millikan 1984, p. 13, pp. 39-45, and pp. 97-99. See also: R. Dawkins
1995, pp. 84-92 and pp. 99-102.
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and hormones which convey information about the location of food or the
presence of mates, etc.
Turning to human language we encounter an additional complexity in
the fact that human utterances usually have meaning. As Quine (1960, ix) puts
it: 'Our language is a social art.' A prominent feature of human natural
languages is their stimulus independence. Human languages stand in striking
contrast to all other known animal communication systems in that one can use
language to send or understand messages about things remote from both
speaker and hearer in both time and place. This is not the case in the animal
realm (although bee language may be an exception). As Lorenz (1977, 160)
points out, 'an experienced jackdaw can only tell an inexperienced jackdaw
that cats are dangerous when a cat is actually there to demonstrate the fact,
and a rat can only teach its inexperienced fellows that a particular bait is
poisonous when the bait is actually present.' In my view, what makes human
language particularly interesting is what Robert Brandon (1996) calls its
'semantic recursiveness', i.e., the capability to transmit messages about things
that one generation ago nobody talked about. Put differently, the human communication system is semantically open-ended. In contrast with the semantically closed communication systems of animals (in which the maximum number
of basic messages is between 30 and 40), the open system allows a ceaseless
production of new words, meanings, and concepts, etc. A semantically open
system is simply indispensable because cultural change happens very rapidly:
every new generation builds upon the social and technological achievements of
the previous generation.13 In sum, we already have entered the third and final
stage of the nested hierarchy, viz., the cultural-scientific level. Before we turn
to this final level, let me recapitulate the main points of the present section.

Summary
Some changes in the world are so rapid that they cannot be detected by the
VST-algorimm operating at the primary, genetic level. The first level is
limited by the relatively slow generation time of most higher organisms. So if
certain high-frequency chances are significant for a particular species of organism, a second level is needed which can operate at higher rates and hence
can track such rapid changes. Animals therefore evolved complex organs
which are able to anticipate these changes. The vertebrate's immune system
and the mammalian brain are two such organs. Because these organs seem to
operate according to Darwinian principles, we may call them Darwin
machines.
13
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The vertebrate's immune system is a Darwinian information-gathering
process in its own right. First, there is a massive and random variation of В
lymphocytes; secondly, there is selective retention by fit to an antigen; and
finally, there is transmission because the selected В lymphocytes are clonally
reproduced as antibodies. Information storage is ensured by the production of
memory cells which resemble the original В lymphocyte cell, but have
reverted to a resting form. If the same antigen is encountered again, the
memory cells are available to respond to it. The main reason why vertebrates
have evolved such a complex device is that the immune system can react as
rapidly as viruses can replicate. Vertebrates and viruses have different rates of
generation time. Viruses have an obvious advantage because of the rapidity
with which they can replicate and hence evolve. Several new strains of virus
can easily develop in the space of a single vertebrate generation. As a result
their hosts cannot keep up solely through the VST-algorithms at the first,
genetic level. To keep in pace with the viruses' generation time, a secondary
level is needed. This auxiliary level is nested under the first level: it is a
wheel within a wheel.
Selectionist accounts of brain development assume that during
embryonic and juvenile life, the brain is genetically programmed to produce
masses of neurons and nerve endings, a sample of which are then tuned and
selectively retained by exposure to the environment immediately after birth
and during the animals' first months of existence. The basic idea is that the
neuronal structures of the brain do not develop according to a programme
which is hard-wired in the animal's DNA, but rather that the specific intercon
nections and topology of neural networks form in accordance with various
selection pressures which occur during the animal's early years. But a selec
tionist account of brain development is not solely confined to the organism's
juvenile stage of existence. According to Changeux' and Edelman's theory of
neural Darwinism, the brain functions as a Darwin machine throughout its
entire existence. All instances of learning are the result of selection processes
in the brain, no matter at which stage in life the learning takes place. Chan
geux and Edelman argue that during later stages of the animal's life various
waves of synaptic overproduction occur, with subsequent experience serving
as a selection mechanism which retains useful synapses and eliminates the
useless or redundant ones. Each wave of synaptic proliferation would thus
provide the source of random variation on which selection could operate.
The functionality of Darwin machines is brought about not by direct
instruction but instead by indirect selection. Instances of information gain and
increased fit are due to the hindsight of a selective system. In the case of the
immune system, the phylogenetic selection of genes is replaced by the much
faster ontogenetic selection of lymphocytes. In the case of the human and
animal brain, the phylogenetic selection of genes is replaced by the much
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faster ontogenetic selection of synaptic pathways. So the immune system and
the brain are not only assembled by Darwinian principles: they also carry
Darwinian VST-processes within themselves.
Selection processes at the second, organic level are always built upon
and hence constrained by earlier selection processes at the primary, genetic
level. Higher levels, that is, are always nested under the lower levels of the
hierarchy. That is why animals and humans have a priori knowledge.
Knowledge gained at the primary level feeds into the second level which (in
the case of the brain) results in instincts, innate teaching mechanisms, inborn
expectations, and a priori modes of perception and reasoning, etc. In later
stages of evolution, the increasing plasticity of the animal brain made possible
a much subtler interaction with the environment. The earlier closed program
mes were gradually replaced by open programmes which permitted the animal
not only to acquire information about the environment which is not contained
in the genome, but also to store it. The increase of the animal brain eventually
allowed the emergence of imitation, language, and culture. With the arrival of
language and culture we leave behind the two previous levels of the nested
hierarchy and we are now entering the third and highest one.

The cultural-scientific level: the emergence of mind-tools
26. Cultural evolution
The earliest evidence of the emergence of human culture are the stone tools of
our distant ancestor Homo habilis who lived in Africa some two million years
ago. At this early stage of culture, gene-based and meme-based evolution
probably were still directly linked, for it is obvious that the discovery and
subsequent transmission of tool making and hunting techniques enhanced an
individual's or the population's chances of survival. Representatives of the
species Homo erectus were the first hominids to leave Africa, an event which
is often referred to as the 'Out-of-Africa Γ scenario. About one million years
ago they occupied large parts of the Old World (Europe, the Middle-East, and
Asia). Paleoanthropological evidence shows that these hominids had an
increased competence in manipulating the materials of which tools were made.
I believe that this increased competence was due to a selection process
analogous to natural selection in the biological domain. Cultural and prototechnological change became an evolutionary process in itself. With the
emergence of Homo sapiens in Africa we see a further refinement in tool
making and crafts. Like their ancestor H. erectus, representatives of the
species H. sapiens swarmed about to other continents between 100.000 and
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200.000 ago. Not surprisingly, this second radiation of modern humans is
called the 'Out-of-Africa 2' scenario.
Most paleoanthropologists believe that H. sapiens gradually replaced the
remaining populations of H. erectus throughout the world. This would mean
that modern humans originated in one region (i.e., Africa) only. A rivalling
theory, called the multiregional model, states that modern humans found in
different continents are the present end points of evolutionary lineages that
each began with H. erectus. This would mean that modern humans originated
in different regions and continents independently of other such groups. Yet the
problem with the multiregional model is that modern humans on different
continents all share the same basic H. sapiens traits. If each population
evolved independently, how did they become so similar? A possible answer to
this question would be that the various H. sapiens populations did not evolve
completely isolated from each other but did exchange some genes. That is,
interpopulational gene flow enabled the evolving groups to reach the same
modem H. sapiens features. This debate among paleoanthropologists is not yet
resolved. It is my guess that further genetical research and discoveries of
hominid fossils will eventually prove the single-origin hypothesis
conclusively.14
In any case, the appearance of H. sapiens was accompanied by the
emergence of a variety of cultural phenomena such as social bonds, art,
religion, and magic, etc. Although these various phenomena may have had,
and indeed may still have, a certain weak biological function, for instance to
secure the ties of a particular group, it is clear that they no longer have any
direct effect on genetic fitness. However, there is little doubt that the emergence of language and culture has had a considerable impact on the evolution
and enlargement of the human brain. In the evolution from Australopithecus
via the early hominids to H. sapiens, brain size has been tripled from 500 cc
in Australopithecines to an average of 1500 cc in modern humans. Moreover,
the evolution of the most distinctive properties of the brain occurred in an
environment dominated by culture. One therefore is tempted to conclude that
changes in culture must have effected those properties. The growth of the
brain and the emergence of the human mind are then perhaps best conceived
as an example of Lumsden & Wilson's gene-culture coevolution (§ 16). But
again, this is not an indication that cultural phenomena themselves confer any
advantage or disadvantage on genetic fitness. The new cultural transmission
channel was adaptive, not each and every individual message itself. Hence I
believe that the learning process qua learning process became more and more
demanding, thereby creating a strong selective pressure on increased brain
14
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capacity. This selective pressure was probably intensified by an increasing
competition occurring between rivalling groups of H. sapiens. The emergence
of intelligence and culture thus set the stage for a runaway evolution of the
brain. As Rescher (1990) notices:
Once evolution lets intelligence in through the door, it gets 'the run of
the house.' When bio-design takes the route of intelligence to secure
an evolutionary advantage for a creature, it embarks on a slippery
slope. Having started along this road, there is no easy and early stop.
For once a species embarks on intelligence as its instrument for
coping with nature, then the pressure of species-internal competition
enters as a hot-house forcing process. Intelligence itself becomes a
goad to further development simply because intelligence is, as it were,
developmentally self-energizing. (1990, 111)
I am not saying that human culture floats free or that we can completely
override our biology. Culture and science are to some extent constrained by
our biology and our evolutionary past. But this truism is not going to explain a
lot about actual historical and cultural developments. Indeed, it seems that
what is most interesting about humans has actually stepped outside our
biology. For instance, evolutionary biology is not going to explain why
Italians prefer pasta rather than haggis, or why Bach's music stirs deeper
emotions than Telemann's, let alone why science has developed relativity
theory and quantum mechanics. What evolutionary theory can explain are
basic human needs and desires, and the fact that we shape our culture and
societies in such ways that these needs and desires can be achieved.15 Culture
does float free as long as we do not go against human nature. Recall the leash
principle (§ 16). The leash principle states that culture has a certain autonomy,
i.e., not everything in human society can be explained by biological evolution.
But at the same time it says that culture cannot go against human nature for
long without being pulled back by the leash.
In § 17 I demonstrated that many sociobiological models still start from
the idea that changes at the cultural level ultimately must be explained in terms
of overall genetic fitness at the primary level. These models thus suggest that
ideas, techniques, and other culturally transmittable items must be viewed as
complex and extended phenotypic traits which ultimately will favour or reduce
genetic fitness. Yet, Plotkin & Odling-Smee (1981) rightly emphasize that if a
particular group has evolved cultural (non-genetical) exchange of information
then the whole hierarchy becomes much more complex and dynamic. After
all, knowledge gaining then feeds up into the cultural pool, as well as down
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into the primary gene pool.16 I therefore believe that the sociobiologist's
gene-based approach is limited only to those traits which evidently increase or
reduce the survival and reproduction chances of their carriers. Since most
culturally transmitted items are not mere extended phenotypic traits, it follows
that meme-based cultural evolution is to a large extent uncoupled from genebased biological evolution. Cultural and scientific evolution have their own
VST-algorithms.
The evolution of intelligence, consciousness, language, and culture
opened the door to a complete new variation-selection-and-transmission
device. From now on vital information could be handed on from individual to
individual in non-genetical ways. Spoken or written word are perfect
replication mechanisms: they make additional VST-algorithms possible.
Through trial & error, random variation and cumulative selection, H. sapiens
developed new and richer forms of culture. Eventually, man stumbled upon
rudimentary forms of technology and science.
So after having dealt with the primary (genetic) and the second (organic) level of the nested hierarchy, we now are able to discern a third
stage - a wheel within a wheel within a wheel so to speak - where knowledge
gaining takes place. We may call this stage the cultural-scientific level. This
level is constrained by the two underlying levels. Nevertheless, when we enter
the third and final stage of the nested hierarchy, we are no longer dealing with
gene-based evolution, nor are we dealing with organ-specific VST-processes.
Instead, the VST-algorithm now operates on mêmes or culturgens. The
psychologist Richard Gregory (1981) has coined perhaps an even better name
for linguistically transmittable units such as words, concepts, and ideas, etc.
Gregory called these items 'mind-tools'.
Just as genes, mind-tools proliferate differentially: useful and effective
mind-tools will spread and prosper in a particular cultural community, whereas
ineffective ones will slowly perish. We may assume that the gradual accumulation of mind-tools follows a similar pattern as the gradual build-up of
genes: in both cases the steady increase of knowledge is due to the hindsight
of a selective system. After all, we do not know in advance which cultural
variants might be successful and which might not. I believe that the same idea
holds for scientific or epistemic variants. Naturalized epistemology and
philosophy of science rightly emphasize man's fallibility: we cannot possibly
know a priori which hypotheses, procedures, and methodologies eventually
will contribute to our understanding of the world (§ 3). To find out whether
newly proposed mind-tools are effective or not, an ensuing and discriminating
sieving process is needed.

16

See also: H. Plotkin 1987.
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Campbell (1987, 154) notes that cross-lineage borrowing is an additional feature of cultural evolution. In meme-based evolution, that is, one
can adopt crafts, ideas and beliefs from others who are not necessarily one's
parents or kin. But although it is true that cross-lineage borrowing is major
cause of the increased speed of cultural evolution, I believe that it poses no
serious threat to the analogy between biological evolution and cultural-scientific change because cross-lineage borrowing occurs in the biological realm as
well, for instance in the case of hybridization between different kinds of
species. I return to this issue in Chapter 6 where I address the analogy with
respect to transmission.
In sum, at the cultural-scientific level, learned information is
transmitted among a particular group non-genetically by means of imitation
and language. The site of information store at this level is a cultural-epistemic
pool or a 'même pool' in Dawkins' terminology. Recall the Machian fallacy:
cultural and scientific development are rooted in and hence limited by
biological evolution, but this does not imply that every feature of modern
culture or contemporary science has survival value or that they contribute to
genetic fitness. At the highest level of the hierarchy, the currency of evolution
is mêmes rather than genes (§ 17).
27. Popper's worlds and Dennett's tower
Some philosophers will perhaps note a kind of similarity between the three
levels of the hierarchy and Karl Popper's (1972, 153 ff.) theory of three
worlds.17 However, that impression would be wrong. It is true that both
models employ a hierarchical structure which contains three levels and that in
both models the final stage comprises the epistemic sphere of ideas, arguments
and theories, etc. Thus in Popper's view, the first world is the world of
physical states and events; the second is the world of mental states and events;
and the third is the world of intelligibilia. Popper argues that the second
world, the world of subjective experiences, interacts with each of the other
two worlds. The second world is the mediator between the first world and the
third world, i.e., the mind may be linked with objects of both the first world
and the third world. Popper's third world is peculiar because it has an independent ontological status. It is not made by us, says Popper, although we
can contribute to it. Rather, Popper believes that we have discovered it, just as
we can discover mathematical or logical truths which exist independently of
human minds. In short, the third world is a Platonic realm of objective ideas.
To my mind, the main problem of Popper's tenet of three worlds is its
17

See also: K. Popper 1976, Section 38. Anthony O'Hear 1980, pp. 171-204.
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far too wealthy metaphysics. In my view there is only one world, albeit that
this world has various ontological layers and emergent properties. The
physical, the biological and the mental realm all belong to the same world:
they are causally and hierarchically related but the biological and the mental
realm cannot be reduced to the lowest layer. The biological and the mental
domain supervene on the physical world. As I already argued in Chapter 1,
any reduction of biological and mental terms to physical terms would involve
a long (and probably endless) disjunction, connecting one biological term to an
infinite list of chemico-physical terms, or connecting one mental term to an
endless list of neurophysiological terms (§ 1).
A further objection against Popper is that mathematics and logic are but
the handiwork of man: you do not have to invoke a Platonic world of eternal
ideas to account for them. Mathematical constructivists and intuitionists have
demonstrated that one can perfectly engage in mathematics and logic without
assuming that there are independent and everlasting truths to be discovered.
But again, we should be cautious not to exaggerate. Science may be the work
of man and mathematics may be our construction, but this does not imply that
we should adopt the anti-realist stance in general or that we 'construct' the
world by imposing our scientific theories, concepts, and categories upon it.
Reality is not that malleable. The objective world is prestructered and at least
partially knowable. 'Knowable', mind you, should be read in the broadened
sense, i.e., also covering adaptation. Darwinian algorithms would not work if
there were no regularities in nature. So let us do justice to the one world we
have.
Dennett's so-called 'Tower-of-Generate-and-Test' (1995, 373 ff.) comes
much closer to the hierarchy which I have outlined in the present Chapter. In
fact, Dennett's model can be considered a variation on Campbell's and
Plotkin's nested hierarchy theme. Dennett argues that: 'As each new floor of
the Tower gets constructed, it empowers the organisms at that level to find
better and better moves, and find them more efficiently.' Dennett's Tower
comprises four stages. The ground floor represents biological design through
natural selection. This stage thus corresponds with what I have called the
genetic level. The ground floor is occupied by what Dennett calls 'Darwinian
creatures'. The second story of the Tower represents phenotypic and
teleonomic plasticity. The organisms at this level are no longer completely
genetically preprogrammed. Instead they have an open repertoire of
behavioural responses which allows them to learn from experience. This
second story is inhabited by what Dennett calls 'Skinnerian creatures'. The
third story of the Tower represents preselection (or what Campbell would call
'vicarious selection'). The 'Popperian creatures' that occupy this level are
smart enough to simulate their actions in an inner mental environment first
before actually performing them. The second and third stories of Dennett's
Tower roughly correspond with what I have called the organic level. The
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fourth and highest story of the Tower represents cultural evolution. Its
inhabitants are 'Gregorian creatures' (after Richard Gregory). These creatures
have the enormous advantage that they can import mind-tools from the cultural
pool and that information can be transmitted non-genetically by means of
imitation and language. The Tower's fourth story, of course, corresponds with
the cultural-scientific level of the present section. It is clear that Dennett, like
Campbell and Plotkin, believes that cultural and scientific change is an
evolutionary process in its own right. Changes in the cultural and scientific
realm seem to be the result of VST-algorithms operating on mind-tools and
mêmes. Put differently, cultural-scientific change is not directly linked to
biological evolution, but analogous to it.
In the remaining Chapters of this thesis, I address the question whether
there really is a strong analogy between biological and scientific evolution. I
scrutinize whether scientific change is propelled by a genuine Darwinian
process, or whether we are misled by superficial resemblances. For instance,
critics of evolutionary epistemology claim that it is inappropriate to speak of
'evolution', 'variation', 'selection', and 'reproduction' in the scientificepistemic sphere. They argue that it is only within the boundaries of biological
domain that we find these processes. An extrapolation to other domains would
lead only to confusion. For example, whereas the variations (i.e., mutations)
in biological evolution are random and blind, the variations in science seem
clearly directed and generated intentionally. Similarly, natural selection as a
blind and mechanistic process seems to contrast dramatically with rational and
purposeful selection procedures we encounter in the scientific domain. Finally,
reproduction and Mendelian inheritance in the biological realm seem to have
no plausible equivalents in the scientific domain. Taken together, the
disanalogies are supposed to be a major flaw of evolutionary epistemology. In
effect, critics assert that the entire project is simply destined to fail.
Powerful as these objections may seem, I still believe that the development of science can be analyzed in Darwinian terms. I shall demonstrate that
critics of evolutionary epistemology are mistaken in suggesting that there are
profound dissimilarities between biological and scientific evolution. What is
more, I believe that my analysis will show that an evolutionary account of
scientific change is not only feasible but explanatory as well. An exploration
of the various analogies will illuminate the intricate mechanisms which drive
both biological and scientific change. In the following Chapter I will address
the first ingredient of the Darwinian recipe, viz., variation. In Chapters 5 and
6 I will deal with the other two ingredients, viz., selection and transmission
respectively. In the final Chapter of this thesis I focus on what is often
considered the most important discrepancy between biological and scientific
evolution, viz., the issue of progress. I argue that the alleged discrepancy can
be resolved.
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Summary
The third and final stage of the nested hierarchy is the cultural-scientific level.
Human culture originated some two million years ago. Evidence are the stone
tools made by our early ancestor Homo habilis in Africa. Members of this
particular species of hominids must have been able to transmit this and other
techniques to subsequent generations by means of imitation or perhaps
rudimentary forms of language. The ensuing evolution of Homo erectus and
Homo sapiens coincided with a gradual refinement in tool making, hunting
techniques, and art, etc. H. erectus was the first hominid to leave Africa, an
event that took place about one million years ago. Soon they had occupied
large parts of Europe, the Middle-East, and Asia. Between 200.000 and
100.000 years ago, representatives of the species H. sapiens were responsible
for the second radiation of hominids throughout the Old World. During these
early stages of human history, genetic and cultural evolution were probably
directly linked. Culture had a direct influence on an individual's or a
population's chances of survival and reproduction. Moreover, it seems
plausible that there must have been a selective premium on learning and the
use of language and culture. Evidence for this claim is the spectacular
explosion in brain size. During the evolution from Australopithecus to H.
sapiens, a relatively short time span of two or three million years, brain size
has been tripled from 500 cc to 1500 cc.
But as culture became more sophisticated, the link between biological
and cultural evolution eventually disappeared: culture took its own
evolutionary course. A semantically open-ended communication system made
additional VST-algorithms possible. Trial & error, random variation and
cumulative selection of mind-tools eventually resulted in rudimentary forms of
technology and science. The gradual accumulation of mind-tools thus followed
a similar pattern as the gradual build-up of genes: in both cases the steady
increase of knowledge was due to the hindsight of a selective system. The
sociobiologist's creed that changes at the third level of the hierarchy must
ultimately be explained in terms of genetic fitness at the primary level is false.
Modern cultural features and artifacts can no longer be regarded as complex
extended phenotypic traits. It seems that what is most interesting about humans
has stepped outside our biology. Modern culture, technology, and science are
only weakly constrained by our evolutionary past. Sociobiology and
evolutionary psychology may explain why humans have the same basic needs
and desires, but they cannot explain every feature of a modern society.
Culture and science float free as long as we do not go against human nature.
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The Source of Evolution:
The Analogy with Respect to Variation

28. The case against: the anomaly of guided variation
When we enter the highest level of the hierarchy we are concerned with the
evolution of science. In § 12, I already showed that the mechanism which
drives scientific change closely resembles the mechanism which drives
biological evolution. In order to solve outstanding problems, scientists
generate great numbers of miscellaneous hypotheses, theories and procedures.
A small sample of these variants perhaps will be retained after they have been
thoroughly tested and criticized in the appropriate channels of the discipline
concerned. Occasionally a variant gets incorporated in the established body of
knowledge of the discipline: the variant will appear in textbooks and will be
taught to students and researchers affiliated with that particular branch of
science. What is more, as soon as a theory or procedure has been incorporated, it will, together with its already established fellow-variants, be
handed down from one generation of scientists to the next. Scientific
knowledge thus accumulates bit-by-bit: the match between the discipline and
the part of the world it studies increases in time.1
In the remaining Chapters of this thesis I will scrutinize this parallel
between biological evolution and scientific change in detail. I argue that a
strong analogy obtains and that scientific growth is the result of the same
Darwinian algorithm which propels biological evolution. We have seen that
for genuine Darwinian evolution to occur, three conditions have to be met,
viz., variation, selection, and transmission (§ 14). The abstract mechanism

1

Unfortunately, Darwinian VST-algorithms cannot resolve the problem of underdetermination and scientific realism. The question whether scientific theories which
postulate unobservable entities are indeed true representations of unobservable layers
of the world remains uncertain. For instance, what is the ontological status of
(theoretical) entities like electrons and quarks? Many contemporary philosophers of
science, like Van Fraassen (1980), urge us to adopt the anti-realist or instrumentalist
attitude with regard to theories which posit unobservable entities. So perhaps I
should restate my claim as follows: Darwinian VST-algorithms ensure that at least
our empirical knowledge of the (detectable) world accumulates bit-by-bit. For a
comprehensive discussion of the problems concerning underdetermination and
scientific realism, see: A.A. Derksen 1994 (Ed.). Herman de Regt 1994. Paul
Cortois (Ed.) 1995.
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works as follows. First, there is an over-abundance of different and randomly
generated variants. Secondly, a non-random selection process retains and
stores those variants which happen to be useful or beneficial in that particular
circumstance. Finally, a process of transmission ensures that useful variants
get proliferated and handed down to future generations. So any dynamic
system which contains these three ingredients evolves: there will be a gradual
accumulation of information which eventually results in a closer match
between the dynamic system on the one hand and the particular 'environment'
in which the system operates on the other. It is important to keep in mind that
the increase of fit or correspondence occurs only afterwards: correspondence
and increase of information are due to indirect selection rather than direct
instruction.
In order to demonstrate that science is propelled by Darwinian algorithms I will analyze the three essential elements, which are jointly sufficient for evolution to occur, one by one. Thus in the present Chapter I start
with the first ingredient: variation. Several critics of evolutionary epistemology
maintain that there is a sharp discrepancy between blind or random variation
in the biological domain and guided variation in the scientific domain. I argue
that it is only at first glance that there seems to be a discrepancy. On closer
examination, the disanalogy vanishes. But first let me explicate what biologists
mean when they say that in biological evolution variation is 'random'.
Recall my discussion of the biologist August Weismann (§ 23). At the
end of the 19th century, Weismann rightly assumed that the genetic material in
the germ cells remains unaffected during changes of the organism's body. So
nothing that happens to the body can be communicated to the germ cells and
their nuclei. Put differently, there are causal arrows leading from genotype to
phenotype but not the other way around. This constraint makes Lamarckian
inheritance of acquired characters impossible. Lamarck, you will remember,
erroneously believed that organisms were capable of transmitting acquired
characters to their offspring. It was however not until the Modern Synthesis in
the 1930s and 1940s that Weismann's insights were laid down in the 'central
dogma' of molecular biology. This central dogma proclaims that the information contained in somatic proteins can not be translated into nucleic acids of
DNA.2
Weismannian inheritance further implies that there is no correlation
between the selective pressures that any population endures and the genetic
variations that occur. Mutations thus are random or blind with respect to the
needs of a particular population of organisms. In short, genetic variation is not
guided: mutations cannot be influenced to anticipate selective pressures in a
2

Cf. E. Mayr 1988, pp. 491-524. Mayr 1991, pp. 108-131. D. Hull 1988b, pp. 4748. M. Ridley 1993, p. 13 ff.
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Lamarckian fashion. Still to meet these demands biological evolution has to
rely on the 'design' capacities of natural selection. Chance and randomness
thus lie at the heart of Darwinian evolution. In his celebrated book Chance
and Necessity Jacques Monod (1971) explains:
[C]hance alone is at the source of every innovation, of all creation in
the biosphere. Pure chance, absolutely free but blind, at the very root
of the stupendous edifice of evolution: this central concept of modem
biology is no longer one among other possible or even conceivable
hypotheses. It is today the sole conceivable hypothesis. (1971, 1 Π
Ι 13. Italics in original.)
It is not hard to see that in the epistemic-scientific domain this specific
condition seems to get violated. Apparently epistemic variation (i.e., the
generation of new hypotheses, theories and procedures, etc.) is closely
correlated with the specific needs of a particular research group. That is,
unlike their biological counterparts, variations in science are generated with an
eye to the problems they ought to solve. Surely, now and then a scientific
discovery is made by chance. Think for instance of Fleming's discovery of
penicillin or Kekulé's discovery of the circular structure of the benzine ring.
But in general, epistemic variations seem carefully designed with a particular
goal in mind: they are supposed to solve the current problems of the scientific
discipline concerned. So, in contrast with biological evolution, the development of science seems characterized by an intentional and goal-directed
pursuit. Stein & Lipton (1989) put the problem as follows:
Since evolutionary epistemology attempts to establish a relation
between biological and epistemic evolution, an immediate difficulty is
that biological evolution seems to involve blind variation while epistemic evolution seems to involve guided variation. Genetic change is
not influenced by the needs of the organism, but the production of
new hypotheses by a scientist seems obviously influenced by the
problem she is trying to solve. (1989, 34. Italics in original.)
Critics of evolutionary epistemology like Peter Skagestad (1978), Jon
Elster (1979), Paul Thagard (1980; 1988), and L. Jonathan Cohen (1986)
amongst others therefore claim that the analogy breaks down. For example,
Skagestad writes:
There is a striking contrast here to the stages of biological evolution,
where each variation arises independently of the adaptive needs of the
organism, but is retained only if, in fact, it serves those needs. (1978,
617)
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Cohen (o.e., 125) in the same vein, argues that there is nothing analogous to
random variation that plays a part in the task of generating new scientific
hypotheses: 'A rational scientist approaches this task by at least reading
through a lot of the existing literature - not by throwing dice or spinning a
roulette wheel.' Similarly, Elster (1979, 11-12) localizes the discrepancy in the
fact that in the scientific realm we are not constrained to sit back and wait for
the right variation to occur. Whereas biological evolution is constrained in this
way, scientists can actively seek out new kinds of variations and inventions
that are needed. Elster also observes that even if a random search is found to
take place in science, this does not imply that the search ultimately is
generated by a random process. That is, it could be due to a prior calculation
that a random search is simply the best and most rational way to proceed.
Ruse (1986), who embraces only the first branch of evolutionary epistemology
(§ 7), emphasizes that variations in science are being directed according to
certain perceived ends of scientists. He argues that this goal-directedness has
no counterpart in biological evolution. Hence Ruse (o.e., 57) says that 'at its
heart scientific evolution differs from organic evolution.'3 Finally, Thagard
(1988) concludes:
[T]he differences between biological variation and theoretical variation
are so severe that attempts to apply the former to the latter will likely
lead to poor solutions to problems about the generation of theories.
(1988, 107)
So evolutionary epistemologists face a problem. In order to maintain a
strong parallel between biological evolution and scientific change we have to
resolve the anomaly of guided variation. There are two ways to re-establish
the analogy. First, one could argue that the variations in science are indeed
directed while maintaining that biological variations are (quasi-)directed too.
Secondly, one could recognize that biological variations are indeed blind or
random, while adding that, ultimately, the variations in science are random as
well. In the present Chapter, I will examine both possibilities. Admittedly, the
first option seems implausible because it is hard to reconcile with modern-day

3

See also: M. Ruse 1989b. Ruse 1990. Ruse 1995, pp. 135-137. Ruse (1990, p.
103) writes: 'The disanalogy is fundamental and makes one wonder if there are any
significant similarities. Moreover, the disanalogy does not come by chance. The
reason why science is (or seems) progressive is that the new ideas, the new
variations of science, are directed. With some few exceptions, scientific advances
come about because of the purposeful intention of thinking beings. Conversely, the
essence of Darwinian evolution is that its new variations, mutations, have no
purpose or direction. They do not come according to need. They are "random".'
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evolutionary biology. Yet it has been proposed by Karl Popper on several
occasions.
29. Hopeful monsters
In what he calls his 'contributions' to Darwinian theory, Popper (1972; 1976)
argues that we have to postulate a special kind of quasi-directed mutation.
Popper believes that these mutations provide sufficient change to make
complex adaptations (like the evolution of the eye) possible. Popper (1972)
thinks that ordinary small and random variations are not capable of doing this.
He writes:
The real difficulty of Darwinism is the well-known problem of
explaining an evolution which prima facie may look goal-directed,
such that of our eyes, by an incredibly large number of very small
steps; for according to Darwinism, each of these steps is the result of
a purely accidental mutation. That all these independent accidental
mutations should have had survival value is difficult to explain. (1972,
269-270. Italics in original.)
Popper's (o.e., 273 ff.) solution to the problem of complex adaptations
(or what Popper himself calls 'orthogenetic trends') is briefly as follows. He
distinguishes two sorts of genes: the first sort controlling the behaviour and
the second sort controlling the anatomy of animals. The first kind of genes in
turn can be subdivided into genes which control preferences and genes which
control the skills of animals. Popper's conjecture is that changes in preference
will precede changes in skill, which in turn will precede changes in anatomical
structure. For instance, suppose that a mutation occurs which causes a change
in preferences, say a preference for a different kind of food. This mutation is
genuinely random, but it will cause significant internal selection pressures.
That is, without a corresponding change in behaviour or skill the animal
involved would starve. In other words, mutations in preference structure (pstructure) will trigger mutations in skill structure (s-structure). Finally,
backing up the behavioural changes, we get mutations in anatomical structure
(a-structure), say specialized organs which allow the animal to collect and
digest the newly preferred food. Thus mutations in anatomical structure in turn
are induced by earlier mutations in skill structure. Popper (1976) believes that
the entire process will result in major change which in some way will seem
directed:
I now suggest that only after the s-structure has been changed will
certain changes in the a-structure be favoured; that is, those changes
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in the anatomical structure which favour the new skills. The internal
selection pressure in these cases will be 'directed', and so lead to a
kind of orthogenesis.
My suggestion for this internal selection mechanism can be put
schematically as follows:
ρ -* s -* a
That is, the preference structure and its variations control the selection
of the skill structure and its variations; and this in turn controls the
selection of the purely anatomical structure and its variations. (1976,
174. Italics in original.)
Popper (1972, 279) gives the example of the woodpecker. The theory
would suggest that the specialized beak and tongue of the woodpecker
developed after it began to change it taste and feeding habits rather than the
other way around. According to Popper, if the woodpecker had developed its
beak and tongue before changing its taste and skill, the change would have
been lethal: the bird would not have known what to do with its new organs.
Popper concludes:
[My theory] thereby allows us, in principle, to explain the evolution
of complex organs such as the eye by many steps leading in a definite
direction. The direction may indeed, as the vitalists asserted, be
determined by a mind-like tendency - by the aim-structure or skillstructure of the organism which may develop a tendency, or a wish,
to use the eye, and a skill in interpreting the stimuli received from it.
(1972, 279)4
Popper's alleged 'improvement on Darwinian theory' is inspired by
Richard B. Goldschmidt's (1940) peculiar - but largely outdated - version of
Darwinian theory. In the 1930s and 1940s the geneticist Goldschmidt, a
German émigré to the United States, fervently opposed the newly emerging
Modem Synthesis by arguing that new species may arise in the space of a
single generation. Goldschmidt coined these newly mutated individuals
'hopeful monsters' - an appellation he would live to regret. Speciation,
according to Goldschmidt, is a one-step event: biological evolution involves
large saltationary leaps or macromutations which produce radically new
phenotypes. Proponents of the Modern Synthesis by contrast held that
biological evolution is gradual: natura non facit saltum. Occasionally
macromutations may happen, but in general they will be lethal because a

4

See also: K. Popper 1976, section 37. A. O'Hear 1980, pp. 171-181.
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radical new phenotype often will considerably diverge from the fitness
optimum. Ernst Mayr for instance not only dismissed Goldschmidt's theory of
(as Mayr put it) 'hopeless monsters', it also roused Mayr to write, in anger,
his authoritative Systematics and the Origin of Species (1942). Mayr's ironical
phrase of hopeless monsters caught on: a growing number of critics invariably
discarded Goldschmidt's theory with this epithet.5
Popper (1972, 281-284), apparently unaware of this particular history,
argues in ал addendum to his exposé that it is plausible that directed
(orthogenetic) evolution starts with 'behavioural or ethological monsters'.
Because these animals only differ from their parents in their deviating
behaviour (i.e., the mutation is not necessarily linked with a gross change in
anatomy), there is no reason why the deviation should be lethal. Hence Popper
believes that behavioural monstrosity is much less likely to be fatal than
anatomical monstrosity. Moreover, anatomical structures can change only
slowly, and this means that such changes will remain insignificant if they are
not guided by (earlier) changes in behaviour. Viable monstrous behaviour thus
may have a great impact on the evolution of novel anatomical features:
To take the famous example of the eye, the novel behaviour which
makes use of light-sensitive spots (already existent) may greatly
increase their selective value, which previously perhaps was
negligible. In this way, interest in seeing may be successfully fixed
genetically and may become the leading element in the orthogenetic
evolution of the eye. (1972, 283. Italics in original.)
In previous Chapters I argued that philosophers often have a difficulty
in catching up with modern-day science, especially evolutionary biology.
Sadly Popper is a poignant example. His model of 'genetic dualism' is not a
contribution to Darwinian theory at all. What is more, his theoretical account
contains several inexcusable mistakes, particularly if one realizes that Popper's
work dates from the late 1960s and early 1970s. At that time a quick glimpse
in any particular textbook on evolutionary biology would have sufficed to
refute Popper's tenets. In general, Popper makes the same mistake as Monod
5

Cf. D. Hull 1988b, pp. 65-67. E. Mayr 1988, pp. 457-488. M. Ruse 1996, pp.
412-413. Goldschmidt was not the first biologist to promote saltationist evolution.
For example, even Т.Н. Huxley, Darwin's closest friend and ally, thought that
Darwin's insistence on the gradualness of evolution was an 'unnecessary difficulty'
in The Origin of Species. Huxley and others claimed that complex adaptations could
only be produced by sudden evolutionary jumps. Ever since Huxley and
Goldschmidt the idea of gradual evolution has been under attack by saltationists until
the present day. Eldredge & Gould's (1972) theory of punctuated equilibria is a
modem (moderate) variant of saltationism (§ 13).
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believing that random variation is the pivotal and sole source of creative
evolution. In § 18 1 already argued that non-random selection and transmission
are equally important. Popper's erroneous view of biological evolution
amounts to the old problem of the monkey at the typewriter accidentally
typing out a Shakespeare play. The odds that the monkey would succeed by
chance alone are surely very small. But suppose that the typewriter contains a
non-random selective-retention device which preserves only those letters and
characters which correspond (in the right order) with the original work. The
monkey's hits at the keyboard would still be random, but the selective-retention device nevertheless would soon accumulate complete sentences, dialogues,
acts, etc.6
In sum, random variation is but one ingredient in the Darwinian recipe.
It is only in combination that variation-selection-and-transmission processes
form powerful Darwinian algorithms, mechanisms which are perfectly capable
of evolving complex adaptations. So Popper's quasi-directed mutations are
superfluous. The gene pool of any population of organisms normally contains
sufficient genetic variation for selection and transmission to work upon and
hence for adaptive evolution to take place. In any population, substantial
genetic variability is a rule not an exception: there is no standard genotype of
any particular species. This is for instance expressed in Dobzhansky's balance
hypothesis, a fact of which Popper seems totally ignorant. Dobzhansky argues
that appropriate variation is generally there for the using. Capacity for
response is a fact of biological life.7 Hence directed or quasi-directed
mutation would only be needed if we try to explain adaptive evolution without
invoking natural selection and genetic inheritance. As Ruse (1986, 64) puts it:
'There is no evidence whatsoever for Popper's additions to orthodox
(biological) Darwinism. The supposed special quasi-directed organic variations
are not needed.' Furthermore, the evolution of the eye (or any other complex
organ) is not an example of orthogenesis. Orthogenesis, i.e., evolutionary
trends along a predetermined pathway not caused by natural selection, is an
outmoded concept which plays no role in contemporary biology. The evolution
of the eye is an example of an 'intensification of function' (or adaptation in
one direction) in which each small accidental step is indeed advantageous. As
Dawkins (1986) points out:
In a primitive world where some creatures had no eyes at all and
others had lensless eyes, the ones with lensless eyes would have all
sorts of advantages. And there is a continuous series of Xs, such that
each tiny improvement in sharpness of image, from swimming blur to

6
7

Cf. R. Dawkins 1986, pp. 43-50.
Cf. M. Ruse 1996, pp. 390-391.
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perfect human vision, plausibly increases the organism's chances of
surviving. [...] Vision that is 5 per cent as good as yours or mine is
very much worth having in comparison with no vision at all. So is 1
per cent vision better than total blindness. And 6 per cent is better
than 5,7 per cent, and so on up the gradual, continuous series. (1986,
81)
Finally, Popper's model is all the more embarrassing because it totally
neglects plants. Just as animals, plants exhibit complex adaptations, but unlike
animals, plants show neither behaviour, nor skills, nor explicit preferences!
Not surprisingly, then, even a devoted Popperian like the philosopher W.W.
Bartley (1976, 477) admits that 'serious difficulties arise from Popper's
accounts of biology and evolution.' Yet Bartley too completely misses the
point believing that neither orthodox Darwinian theory nor Popper's model of
genetic dualism can explain convergent evolution. The phenomenon of
convergent evolution is beautifully illustrated by the radiation of Australian
marsupials like the Tasmanian wolf, the tiger cat (Dasyurus), and the marsupial monkey from New Guinea. These animals show (or showed, since some
are extirpated) a striking resemblance to placental mammals on other continents, despite their different reproductive systems and their independent
evolutionary histories.8 Bartley thinks that Popper's model is a certain
improvement in comparison with traditional tenets but it has to be supplemented with non-Darwinian elements in order to become really
explanatory. Thus Bartley (o.e., 480-485) believes that convergent evolution
must be explained by 'internal non-Darwinian laws which govern and limit
evolutionary variety.'
By trying to improve Popper's model, Bartley only makes things worse.
Convergent evolution is perfectly explainable by ordinary VST-algorithms.
The fact that marsupials often closely resemble their placental counterparts on
other continents provides clear evidence for the power of natural selection.
Marsupials and placental mammals often resemble each other because they
occupy similar ecological niches. So we do not have to invoke mysterious
'internal laws' to explain the phenomenon. The properties of the environments
govern and limit evolutionary variety. In Chapter 7 I return to the issue of

8

Echoing Popper, Bartley (1976, p. 483) writes: 'The idea that this parallel and
totally independent development just happened to occur as a matter of random
variation in the face of comparable external environments is preposterous. Adding
[Popper's theory of] internal behavioural pressures does not solve the problem
either, although it no doubt helps somewhat.' (Italics in original.) For a discussion
of marsupials and convergent evolution, see: W.T. Keeton & J.L. Gould 1986, pp.
912-914 and pp. 982-983.
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convergent evolution. I argue that the phenomenon undermines the alleged
non-progressiveness of biological evolution.
To cut short my discussion of Popper's contributions to Darwinian
theory: the randomness of genetic variation is not at odds with creative and
cumulative evolution. We need no quasi-directed mutations to explain complex
adaptations like the eye. Ordinary VST-algorithms can account for this. More
importantly, this also means that the first attempt to re-establish the analogy
with respect to variation is a dead end. To maintain that both scientific and
biological variations are guided or directed would be a mistake. So we now
have to concentrate on the second, remaining option, i.e., the possibility that
variation in science is ultimately as blind as biological variation.
30. Serendipitous discovery
The philosopher Aharon Kantorovich (1993) has argued that it is primarily
chance or 'serendipitous' discoveries which supply science with its blind edge.
Serendipity might be defined as: the faculty of making happy and unexpected
discoveries by accident, or even better perhaps as: looking for one thing and
finding another. Kantorovich distinguishes common serendipitous discovery
from paradigm transcending serendipitous discovery. Perhaps the best known
example of a common serendipitous innovation is Fleming's discovery of
penicillin (§ 28). Fleming noticed that a particular Petri dish which should
contain a bacterial culture was covered with a mould. Furthermore, on closer
inspection, Fleming found that the bacteria were all dead. He thus unexpectedly realized that perhaps some moulds could kill bacteria. As it turned out,
moulds of the genus Pénicillium were able to prevent the growth of various
sorts of disease-causing bacteria.
According to Kantorovich (o.e., 160 ff.), an example of a real
paradigm transcending serendipitous process is Johannes Kepler's discovery of
the planet's elliptical orbits. Kepler's original problem was to explain the
number of planets (Kepler and his contemporaries believed there were six
planets) and the distances between the planet's trajectories. Inspired by the
Pythagorean and Ptolemean tradition, he first hoped to find a solution in the
realm of arithmetics. Thus his erroneous belief about the number of planets
led Kepler to a model motivated by the five Platonic solids (the five regular
polyhedra). The five regular solids were associated with the five interplanetary
regions.9 Because the model still showed many anomalies, Kepler next

9

In the Timaeus (55-56), Plato suggests that the five elements (i.e., Fire, Earth,
Air, Water, and Celestial Matter) may be correlated with the five regular solids
(i.e., the Tetrahedron, the Cube, the Octahedron, the Icosahedron, and the
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considered the possibility of a model which combined the platonic solids with
the Pythagorean philosophy of musical and celestial harmonies. In the attempt
to refine his theory, Kepler also needed new data of the exact distances and
eccentricities of the planets. These precious data were supplied by the Danish
astronomer Tycho Brahe. By trying to put together all these different components, Kepler encountered many new problems which eventually led him to
the formulation of his three Laws of planetary motion. In brief, the First Law
states that the planets travel in elliptical orbits, with one focus of the ellipse
being the sun. The Second Law states that the radius vector from the sun to a
planet sweeps over equal areas in equal times. And the Third Law states that
the ratio of the periods of any two planets is directly proportional to the ratio
of the cubes of their mean distances from the sun.10
Kepler's entire discovery process thus involved many trial & error
sequences. In fact, the belief in perfect circular orbits was so deeply
entrenched that it seemed that Kepler could depart from it only by accident.
Kantorovich (1993) writes:
The belief in circular orbits of heavenly bodies was deeply rooted in
the Ptolemaic and the Copemican world picture and Kepler could see
no reason why the planets would move in ellipses. He treated
therefore the First Law as a necessary evil. The Second Law was
treated by him as a computational device. The Third Law was treated
just as one more step in the construction of Celestial Harmonies.
Kepler thus thought that he was constructing his Pythagorean models,
the three Laws being just building blocks in this process. He was
partially imprisoned within the old traditions of Neoplatonism and
Pythagoreanism. He could not therefore realize that he had made a
decisive step in transcending this 'paradigm'. (1993, 162)

Dodecahedron). Plato assigned the Tetrahedron to Fire, because the Tetrahedron is
the regular solid with the sharpest angles, and because Fire is the most penetrating
of elements. He assigned the Cube to Earth, because it takes more effort to tip a
Cube on its base than it does to tip over any one of the remaining three regular
solids, and because Earth is the most 'solid' of the elements. Plato used similar
reasoning to assign the Octahedron to Air, the Icosahedron to Water, and the
Dodecahedron to Celestial Matter. In his Mysterium Cosmographicum, published in
1596, Kepler in turn showed that the distances of the planets could be correlated
with the radii of spherical shells, which are inscribed within, and circumscribed
around, a nest of* the five regular solids. Cf. John Losee 1972, pp. 16-19 and pp.
49-51.
10
Cf. Eduard Jan Dijksterhuis 1961, part IV, sections 25-59. J. Losee 1972, p. 50.
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Like Fleming, Kepler initially was blind to the problem he eventually solved
because his research was redirected again and again. He started with the
attempt to give mathematical sense to the number of planets and their spatial
distribution, and he ended up identifying the mathematical regularities of
planetary motion - a discovery which eventually led to the new paradigm of
Newtonian mechanics. The original aim of his investigation and the final result
were entirely different: researching A and discovering B.
According to Kantorovich, serendipitous discovery thus serves as a
means of transcending an entrenched framework of knowledge. But it also
gives science its blind edge:
Serendipity supplies science with its blind edge: The human mind
makes plans which have a chance of yielding successful results only in
familiar territories of nature, while serendipity causes science to
deviate from its planned course towards unexplored domains of
nature. Actually, serendipity enables the human mind to transcend
established frameworks of knowledge, established world pictures.
(o.e., 155)
The requirement of blind discovery is realized in a serendipitous process in
that it does not contradict the fact that scientists act intentionally and that they
direct their efforts towards solving given problems. After all, contrary to
genes, scientists deliberately try to solve problems. Yet, Kantorovich argues,
if a scientist tries to solve problem A while accidentally solving another
problem B, the solution of В is indeed generated blindly with respect to B.
Kantorovich concludes:
Thus, the discoverer does act intentionally, being affected by the
problem he intended to solve; and yet he ends up making a 'blind'
discovery. By this we reconcile in a straightforward manner the fact
that science appears to be a guided enterprise with the evolutionary
model of blind variation, (o.e., 155)
So although scientists are guided by prevailing methods and established
theories, many creative leaps and radical breakthroughs in science result from
serendipitous discovery processes. Put differently, the requirement of blind
variation is met by the fact that profound discoveries are never anticipated. I
believe that Kantorovich's views are correct: blind serendipitous discovery is a
way to solve the anomaly of guided variation. But I think that it is not the
only or most preferable way. For instance, what is less satisfactory of his
model is that the blindness or randomness of epistemic variation is merely
located in major scientific breakthroughs. In other words, Kantorovich's
attempt to re-establish the analogy suggests that only profound and unforeseen
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discoveries are truly blind whereas the bulk of everyday science is not.11 I
believe that evolutionary epistemology can make a much stronger claim. To
understand this, we have to look more closely at Kantorovich's important
insight that intentional and random processes can be reconciled.

31. Fumbling in the dark
The claim that scientific variation may ultimately be as blind as genetic
variation goes counter to common-sense intuition. Epistemic variants seem
carefully designed with a goal in mind: newly introduced hypotheses,
procedures, etc., are supposed to solve the current problems of the scientific
discipline concerned. So epistemic variants are purposely aimed at solutions
whereas genetic variations are not. As we have seen, Kantorovich tries to
solve this discrepancy by claiming that major scientific breakthroughs often
are made by accident. Serendipity is what gives science its blind edge.
Yet I believe that a stronger analogy can be sustained. Scientific
variants may be directed in some particular sense, but this does not imply that
each and every variant will in fact contribute to the solution of problems. That
is, I believe that purposiveness does not automatically exclude randomness.
The image of guided variation in science emerges only in retrospect when we
contemplate the hypotheses and procedures that have survived thus far. We
tend to forget that for every successful theory there always is a host of
erroneous or less promising hypotheses which were abandoned during scientific development. For example, against Thagard's objection that epistemic
variants are guided, Peter Munz (1993) rightly argues:
If one surveys at any one time and any one place all the theories that
are competing for retention, one will find that they are as random as
genetic mutations. One has to take astrology, necromancy, faithhealing, colour therapy, Armageddon expectations, etc., etc., into
account in order to form a proper picture of the randomness of all the
theories which are offering themselves for selection. By looking at
successful theories in retrospect, Thagard creates the impression that
they were indeed premeditated and designed to make things better.
But if one looks at biological evolution in retrospect, one could also
gain the impression that mutations were not blind, but took place 'in
order' to produce gills and bronchial tubes or whatever. (1993, 210)
11

Kantorovich (1993, pp. 163-168) lists several other serendipitous discoveries like
Planck's first steps in the new domain of quantum mechanics, the discovery of the
photoelectric effect by Hertz, Röntgen's discovery of X-rays, and Becquerel's
discovery of radioactivity.
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Recall my discussion of fallibilism (§§ 3-4). We never know in advance
which epistemic variants will hold promises for the future. We have no choice
but to generate variations and see if any of them eventually get incorporated in
the already existing body of knowledge of a particular discipline. It is true that
the intentional element is completely absent in biological evolution, but I still
think that, in both biological and epistemic evolution, design or increased fit is
due to the hindsight of a selective system. The fact that epistemic variants are
generated intentionally does not ipso facto guarantee that they are correct. As
William James (1880) already pointed out (see § 5): 'the important thing to
notice is that the good flashes and the bad flashes, the triumphant hypotheses
and the absurd conceits, are on an exact equality in respect of their origin. ' In
sum, I do not deny that there is a clear teleological component in science.
Rather, what I am saying is that this teleological element does not automatically save us from a genuine trial & error pursuit.
Elster's observation that we are not constrained to sit back and wait for
the right variation to occur, is therefore much too optimistic (§ 28). Elster
(1979, 11) believes that scientists can 'actively seek out the new kind of
invention that is needed.' Elster is right about the teleological issue: scientists
wish to solve problems whereas biological evolution does not. But he is wrong
about the issue of randomness. Again, the fact that one actively seeks a
solution to a problem does not entail that one will find that solution. Otherwise
scientists would already have discovered a cure for cancer or Alzheimer's
disease a long time ago. As Cziko (1995) rightly notices:
Stating that variations are 'correlated with solutions to problems' begs
the question as to how such prior guiding knowledge might have been
achieved in the first place. Our scientist, unlike the process of organic
evolution, most certainly does have a definite goal, and she generates
methodological and theoretical variations in an attempt to accomplish
this goal. But to the extent that new discoveries are made for which
prior knowledge did not exist, this growth of scientific or technological knowledge is possible only by producing and testing new
experimental variations whose outcomes are unknown until tested.
(1995, 289. Italics in original.)
Recall that Elster also notices that, on occasion, a random search could be the
best way to proceed in science. But he adds that this does not mean that such
a search ultimately is generated by a random process. I agree with Elster: his
observation simply comes down to my point that purposiveness does not
exclude randomness.
To illustrate my claim, consider the laborious efforts of the medical
sciences and pharmaceutical industry to collect samples of plants, shrubs, and
trees in tropical forests in order to inspect whether they contain chemical
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substances which might cure diseases. These efforts surely are purposive and
premeditated: samples are painstakingly collected one by one and subsequently
analyzed in laboratories, etc. Still, because success cannot be guaranteed in
advance, such explorations may be compared to a random search. I think that
this particular case is but one example of random variation in science. That is,
I believe that if one takes into consideration all the false starts, mistakes, and
dead ends one will find that almost every scientific discovery is the result of a
random search followed by some sort of sieving process. Despite all intentionality, goal-directedness, and the occasional lucky guess, scientific dis
covery largely proceeds by fumbling in the dark. As Stein & Lipton (1989)
write:
Before Darwin, the common intuition was that the amazing fit bet
ween species and the environment is the result of a guided, intelligent
process; after Darwin, species are seen to be the result of random
variation coupled with selection and retention. Similarly, in the case
of epistemic evolution, before evolutionary epistemology, the common
intuition was that ideas and scientific discoveries are the result of
guided intelligent processes; after evolutionary epistemology, they are
seen to be the result of random variation. (1989, 38-39)
The image of science outlined here to a large extent parallels Popper's
(1959; 1963; 1972) fallibilistic model of the growth of knowledge. Like
Popper I want to emphasize that scientific change is due to Darwinian selec
tion rather than Lamarckian instruction.12 Genetic as well as epistemic
variations are generated without any prior indication which variants will ease
the needs of the 'population' concerned. Or as Popper puts it:
The theory of knowledge which I want to propose is a largely Dar
winian theory of the growth of knowledge. From the amoeba to
Einstein, the growth of knowledge is always the same: we try to solve
our problems, and to obtain, by a process of elimination, something
approaching adequacy in our tentative solutions. (1972, 261)
But there is one important proviso: whereas Popper and his followers believe
that knowledge cannot be justified inductively in any sense, I hold that
induction cannot possibly be circumvented. I believe that a biologically
inspired selectionist theory of knowledge is not necessarily committed to all
the orthodox tenets which Popper and his followers have formulated. In brief,
Popper's hypothetico-deductive model starts with the observation that there is
a significant asymmetry between logically valid falsification (using modus
12

Cf. К. Popper 1972, p. 97, pp. 144-145 and p. 149. Popper 1978.
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tollens) and logically inconclusive confirmation (relying on induction). Popper
argues that the central virtue of science, as opposed to pseudo-science, is not
that it puts forward hypotheses that are confirmed by evidence, but that its
hypotheses are capable of being refuted by evidence. We can never know
whether a particular knowledge claim is true, but we can prove its falsity.
Thus Popper believes that he has solved Hume's problem of induction.
The hypothetico-deductive model may seem plausible and even attractive at first sight, but on closer inspection it is not as sound as it seems. As
for instance Anthony O'Hear (1980) and others convincingly demonstrate,
Popper's model simply cannot bypass induction without paying a considerable
price. After all, falsification alone gives us no indication whatsoever that we
are on the right course toward an increase of knowledge. Indeed, without
induction we have no indication that we are on any course. We may feel in
our bones that the success of our current theories gives us good reasons to
believe that current theories are closer to the truth than earlier theories. But
given his renouncement of induction, verification, and empirical success,
Popper cannot make such a claim. In fact, without inductive inference falsification is not of much help either, for there would be no reason to believe
that theories that have failed in the past might not succeed in the future.
Not surprisingly, then, with his notions of 'corroboration' and
'verisimilitude' Popper smuggles inductive inference in through the back door.
The probability and credibility of a highly corroborated theory increases for
otherwise it would make no sense to rely on theories which have survived
until now. We have to assume that reality is at least to some extent as science
teaches us and that the methods of science do get us nearer to the truth.
Popper (1974) admits that there may be a 'whiff of inductivism in his
philosophy:
[T]here may be a 'whiff of inductivism here. It enters with the vague
realist assumption that reality, though unknown, is in some respects
similar to what science tells us or, in other words, with the assumption that science can progress toward greater verisimilitude.
(1974, 1193)13

13

For a comprehensive and critical comment on Popper's hypothetico-deductive
model, see: A. O'Hear 1980, Chapters II, III, and IV, especially pp. 57-67. O'Hear
(o.e., p. 67) writes: 'It is not surprising that some commentators have seen this
passage as an enormous concession by Popper to his critics. Certainly, with its
"whiff" of inductivism, it brings Popper's philosophy more in line with common
sense and with what one would want to say about our knowledge about the world,
but it also means that he can no longer complain about corroboration and theory
testing being taken by his less cautious readers to have inductive implications. '
108

The Source of Evolution
In short, the use of theories and methods which have proven their effectiveness in the past evidently involves an inductive commitment. As Campbell
(1990) rightly states, all empirical knowledge comprises 'incomplete inductions' rather than justified true beliefs. So Popper's model not even comes
close to a solution of Hume's problem of induction. The fundamental problem
remains whether past experiences will tell us anything about the future. The
question whether this problem will ever be solved remains uncertain, for it is
difficult, and perhaps even impossible, to justify induction without presupposing it. The proper way to tackle the problem therefore may lie in an
analysis in terms of reliability or probability. Such an analysis then would
have to demonstrate that, although inductive inference is logically invalid, it
nevertheless is perfectly rational to employ inductive inference in certain
circumstances. What is more, there is clear evidence that inductive reasoning
is part and parcel of our cognitive hardware (§ 10).14
In any case, I believe that one can appreciate Popper's fallibilism and
his Darwinian approach to epistemology without subscribing to the erroneous
tenets and dogma's of the hypothetico-deductive model. That is, it surely is
legitimate to adopt the more modest claim that all knowledge processes
inevitably involve random variation and subsequent error elimination. For such
Darwinian processes to be successful we have to assume the efficacy of
induction combined with some form of (convergent) realism, for otherwise
there is no indication that scientific inquiry brings us closer to the truth. We
therefore have to assume that the properties of the prestructured world play a
decisive role in eliminating our mistakes. I will return to this issue in the next
Chapter where I discuss the analogy with respect to selection.
14

For a reliabilist account of induction, see: David Papineau 1993, Chapter 5.
Perhaps another way to solve the problem of induction is an appeal to biological
evolution. For instance, W.V. Quine (1975) has argued that although evolutionary
biology cannot justify induction, it surely can explain why induction is as effective as
it is. Quine (o.e., 70) writes: 'I am not appealing to Darwinian biology to justify
induction. This would be circular, since biological knowledge depends on induction.
Rather I am granting the efficacy of induction, and then observing that Darwinian
biology, if true, helps explain why induction is as efficacious as it is. [...] The
ability to learn is itself a product of natural selection, with evident survival value.
An animal's innate similarity standards are a rudimentary instrument for prediction,
and then learning is a progressive refinement of that instrument, making for more
dependable prediction. In man, and most conspicuously in recent centuries, this
refinement has consisted in the development of a vast and bewildering growth of
conceptual or linguistic apparatus, the whole of natural science. Biologically, still, it
is like the animal's learning about cats and owls; it is learned improvement over
simple induction by innate similarity standards. It makes for more and better
prediction. '
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I have argued that epistemic variation is essentially random in the sense
that we never know in advance which of the newly introduced hypotheses and
procedures eventually will be successful. Epistemic variations are blind, or
'unjustified' as Campbell (1974b, 151) puts it, in the Popperian sense of being
merely trials, conjectures, or guesses. Epistemic variants thus have the same
status as mutations in the biological realm: both kinds of variation are
produced without any prior knowledge of which ones, if any, will contribute
to the needs of the 'population' concerned. It is true that the variations in
science are generated with a goal in mind, but purposiveness not necessarily
excludes randomness. The fact that epistemic variants are consciously designed
does not make them automatically trustworthy, let alone true. It is only when
we look at the rare successes that we gain the impression that scientific
innovation is an orderly and guided process. That is, it is only in retrospect
that epistemic variation seems directed and that we are able to generate the
variations that are needed. The randomness of epistemic variation thus simply
coincides with our commitment to fallibilism: the increase of knowledge is
due, not to some special foresight, but to the hindsight of a selective system.
32. Methodological Darwinism
In his attempt to ameliorate Popper's Darwinian model of scientific change,
Nicholas Rescher (1977; 1990) has argued that evolutionary epistemologists
should concentrate on the methodological level rather than the thesis level.
That is, Rescher believes that the scientific counterparts of genetic variations
are not hypotheses or theories, but methods and procedures. Scientists randomly generate different methods and retain those which prove effective.
Rescher argues that if one identifies theses and theories as the variations in
science, evolutionary epistemology is in difficulty because the range of
(logically) possible variation would then be too large. Rescher (1990) writes:
The plain fact is that when theories and theses are at issue, then an
evolutionary model of random variation and selective retention is in
difficulty, because the range of alternative possibilities with which it
must come to terms is simply too large for realistic manageability.
Genuine blind variation among beliefs would generate a Laputan chaos
from which no rational sense could be extracted. (1990, 18)
According to Rescher, the weak spot in Popper's evolutionary epistemology is that it postulates a mechanism of random variation and selective
retention at the level of individual scientific theses and theories. So instead of
a 'Darwinism of theses' we should better focus on a 'Darwinism of methods'.
Rescher believes that this shift from the thesis level to the methodological
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level should save us from a random - and probably unavailing - search among
infinite possibilities. He expounds:
Difficulties of this sort are left behind once the shift is made from a
Darwinism of theses to a Darwinism of methods. For now we can
suppose a trial-and-error model that operates not with respect to
possible theses but with respect to actual methods of thesis-substantiation. (o.e., 24. Italics in original.)
Rescher (o.e., 29) rightly argues that the great merit of this manoeuvre is that
once an even modestly satisfactory inquiry method is at hand, progress at the
thesis level can be very swift because of the inherent power and generality of
such a method. Moreover, he thinks that, thanks to the cyclically self-corrective aspect of such a method, further substantial progress in the
methodological side itself becomes a real prospect.
Note that Rescher's Darwinism of methods closely resembles
Goldman's (1986) and Laudan's (1996) scenario of epistemic bootstrapping (§
4). Epistemic bootstrapping is the strategy by which we constantly evaluate
our methods and heuristics in the light of new experiences. Even if we lack a
secure epistemological foundation, it is still perfectly possible to improve our
heuristics and methodologies by some sort of winnowing process. From the
varying set of randomly generated heuristics and methods we select and retain
the ones which yield promising results and we reject the ones which do not.
Such a selection process is cumulative and self-corrective: novel experiences
will force us to adjust or abandon some of our methodologies and this output,
in turn, will induce novel experiences, etc. Epistemology, then, must be
viewed as an open spiral or feedback loop: we accept tentative suppositions at
the beginning of inquiry and we try to revise and refine them through a
process of variation, selection, and transmission. Rescher, Goldman, and
Laudan believe that in this way we should be able to correct and improve our
methods in time.
Rescher (o.e., 30 ff.) rightly refers to C S . Peirce as one of the first
philosophers to have recognized the problem of the infinite number of conceivable hypotheses theoretically possible. Peirce noticed that the ability to hit
upon true or adequate hypotheses and theories is truly miraculous because
there always are numerous, if not uncountable, alternative hypotheses that
could also legitimately be proposed. Peirce writes:
How was it that man was ever led to entertain a true theory? You
cannot say it happened by chance, because the possible theories, if not
strictly innumerable, at any rate exceed a trillion - or the third power
of a million; and therefore the chances are too overwhelmingly against
the single true theory in the twenty or thirty thousand years during
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which man has been a thinking animal, ever having come into any
man's head. (CP V, 591)15
Peirce argues that if epistemic variation were truly random, a scientist, in
overt ignorance, would have to take seriously the possibility that the
hypothesis sought-after might be connected with 'the day of the week, the
planets presenting a certain configuration, his daughter having on a blue dress,
he having dreamt of a white horse the night before, the milkman having been
late that morning and so on.' (Ibid.)
That we nonetheless often appear to be accurate in our conjectures is
explained by Peirce by an appeal to a special instinct or insight which he
sometimes calls a 'lumen naturale'. We are somehow adjusted to the world:
we possess some kind of natural quality to detect regularities in the world and
hence to imagine correct theories. Moreover, innate deductive, inductive, and
abductive inferences will preserve us from a full-blown trial & error search.
Together these qualities can reduce the uncountable potential variants to a
workable number. Peirce writes:
[Hypothesis-formation] goes upon the hope that there is sufficient
affinity between the reasoner's mind and nature's to render guessing
not altogether hopeless, provided each guess is checked by comparison
with observation. (CP I, 121)
Man's mind has a natural adaptation to imagining correct theories of
some kind, and in particular to correct theories about forces, without
some glimmer of which he could not form social ties and consequently
could not reproduce his kind. (CP V, 591)16
Although Peirce himself did not pursue this line of thought, one could
rightly argue that the reliability of our cognitive device with its inborn
inferences must be explained by biological evolution. We therefore may
assume that these dispositions provide trustworthy information about everyday
situations in our natural environment. These innate similarity standards, as
Quine (1975) calls them, of course are a suitable starting point for rudimentary science (§ 8).17 As Quine (o.e., 71) himself puts it: 'For all their fallibility, our innate similarity standards are indispensable to science as an
entering wedge.' Yet a direct appeal to biological evolution would be inappropriate when Peirce's problem of a trillion potential hypotheses is concerned. As I demonstrated in Chapter 2, there is no direct link between
biological evolution and modern science. Our knowledge, that is, may be
15

Cf. N. Rescher 1990, pp. 30-31.
Cf. P. Skagestad 1978, p. 614 ff. Skagestad 1979.
17
Cf. A.A. Derksen 1993 (in Dutch).

16
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rooted in and hence be limited by biological evolution, but modern-day science
largely transcends our biological needs.
Rescher, we have seen, offers a straightforward solution for Peirce's
problem of epistemic randomness, viz., methodological Darwinism. He rightly
argues that even a modestly satisfactory heuristic will immediately cut down
the initial number of hypotheses theoretically possible. So Peirce's problem
can be solved by a process analogous to biological evolution. A Darwinian
algorithm in the scientific domain itself can substitute for Peirce's enigmatic
notion of 'instinct'. As Rescher puts it:
The only point at which our present position parts company with
Peirce is in its explicit and deliberate substitution of the heuristic
methodology of inquiry and substantiation in place of an otherwise
mysterious capacity of insight or instinct. [...] We can accept a model
of cognitive progress based on the mechanism of pure trial and error.
But by reorienting its applicability from theses (theories) towards
methods for their substantiation, we are able to account for the
rapidity of scientific progress in straightforward methodological terms.
(1990, 31-32. Italics in original.)
I believe that Reseller's methodological Darwinism is a further
improvement of evolutionary epistemology, although one may question
whether there really is such a clear-cut distinction between theses and methods
as Rescher professes. Werner Callebaut & Rik Pinxten (1987, 27-28) for
instance argue that theses and methods are always intimately related. Hence
they think that Rescher's tidy distinction is not very likely. They write: 'It is
implausible that one would ever obtain a neat dichotomy of the kind envisaged
by Rescher.'
In any case, Rescher's model rightly emphasizes the naturalist's belief
that science and its methodology are subject to historical change: in the course
of scientific development we can leam, through trial & error, not only which
theories, but also which methods and procedures are reliable and effective and
which are not. I also believe that any Peircean worries about the infinite
number of possible hypotheses are beside the point. As for instance Hull
(1988b, 472-473) points out, the number of alternative hypotheses for a
particular class of phenomena actually entertained by scientists often is
remarkably small, 'certainly no larger than the methods available for testing
them.' I think that Hull's observation is correct. But he again fails to see that
the relatively small number of hypotheses actually endorsed is probably due to
certain prevailing heuristics or schemes that have cut down the initial abun-
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dance of conceivable variation at the thesis level. These heuristics, in turn,
must be the result of earlier selection processes at the methodological level.18
Peirce was not an evolutionist, but he seems to have been plagued by
the same problem as Popper. Remember, Popper was puzzled by the fact how
accidental and independent mutations could have produced such miraculous
organs like the eye (§ 29). Both Peirce and Popper completely overlooked the
complement of chance variation, to wit: non-random selection. If you focus
solely on random variation and blind chance you can neither explain biological
evolution nor scientific progress. Recall the example of the monkey accidentally typing out a Shakespeare play (§ 29). The odds that the monkey strikes the
right keys and combinations by chance alone (or by single-step selection in
which each trial is a fresh one) surely are close to one in a zillion. But with
the aid of a non-random selection device which retains and accumulates the
lucky hits, and the appropriate amount of time needed to complete such a job,
our pitiable monkey might well succeed. So in cumulative selection each
improvement, however slight, is used as a basis for future building. Again, we
must keep in mind that only complete Darwinian algorithms can account for
biological adaptation and scientific progress.
In sum, I believe that VST-algorithms operate both at the
methodological level and the thesis level. Random epistemic variation
therefore occurs within the sphere of methods as well as in the sphere of
theories. Yet Rescher may be right that trial & error processes at the
methodological level generally precede trial & error processes at the thesis
level. That is, without methods and heuristics which cut down the initial
abundance of potential epistemic variation at the thesis level, our search would
be hopeless indeed. (I will return to Reseller's evolutionary epistemology in
the next Chapter where I address the analogy with respect to selection.) The
question now is whether these constraints jeopardize the analogy between
epistemic and genetic variation.

18

For instance, the philosopher of science Philip Kitcher (1993, pp. 247-248) writes:
'Against the background of prior practice there may be only a finite set of serious
possibilities. Consider the extinction of the dinosaurs. There are any number of
logically possible hypotheses that could account for their demise: perhaps little green
aliens exterminated them or there were spontaneous combustions at all the right
places to eliminate all the females. However, the serious hypotheses are relatively
few in number, and paleontologists spend their efforts in trying to discriminate
accounts in terms of meteoric impact from those that appeal to volcanic eruptions,
atmosperic changes (increased oxygen tension), climatic changes, and a few other
factors. Why do these deserve greater attention? Because our prior practice recognizes certain kinds of processes as accurring in nature and no others.' (Italics in
original.)
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33. Constraints on randomness
I have argued that epistemic variation is random or blind in the sense that we
can never predict in advance whether a particular hypothesis or method will be
successful or not. But as became clear in the previous section, epistemic
variation obviously is not random in the sense that selection processes operate
on all conceivable hypotheses and methods logically possible. Let us call the
former sense random, and the latter random2. Epistemic variation is not
random2 - i.e., the range of hypotheses and procedures submitted to selection
generally will be constrained. Recall Peirce's problem of a trillion potential
hypotheses: if epistemic variation were truly random2 we would not even
know where to begin our search. It follows that there must be constraints on
the randomness of epistemic variation. As Rescher (1990, 23) puts it: 'Scientific knowledge cannot be the process of guesswork that is random through
and through.' Genetic variation, on the other hand, does seem genuinely
random2 - there is no constraint or adaptive bias (Lamarckian or otherwise) on
the range of possible mutations. In sum, it seems that there is a discrepancy
between genetic and epistemic variation after all.
In the previous section we have seen that epistemic variation is
restricted by certain prevailing methodologies, heuristics, and conceptual
schemes. Similarly, on a larger scale one can say that the range of variation is
constrained by the prevailing paradigm or scientific world-view. All these
routines and conventions embody already achieved knowledge about the world
and as such they restrict future variation. Put differently, the range of epistemic variation logically possible is constrained by earlier epistemic
achievements. Knowledge already gained thus can bypass full blown randomness, but it is important to keep in mind that these achievements themselves in
rum were obtained from earlier selection processes.
Campbell (1974a & b) has argued that such constraints can be found in
the entire nested hierarchy which I outlined in Chapter 3. That is, selection
processes at the primary, genetic level will constrain variation at the second,
organic level and selection processes at this second level, in turn, will bias
variation at the highest, cultural-scientific) level. The range of variation at the
epistemic level thus is reduced by earlier selection processes at the two lower
levels. So although there is no direct link between biological and scientific
evolution, biological evolution still influences scientific development in the
sense that our cognitive apparatus with its innate forms of reasoning imposes
certain limits on our imaginative powers and hence on the range of possible
epistemic variation. According to Campbell, we may therefore formulate the
following rule which applies to the whole nested hierarchy: the range of
possible variation at any given level is reduced by earlier selection processes
at the underlying level(s).
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It is important to note that constraints resulting from cumulative
selection are no drawbacks which merely obstruct evolution. On the contrary.
As William Wimsatt & Jeffrey Schänk (1988) explain:
It is common to think of constraints in a negative fashion - as preventing things from happening, and thereby reducing the variety found in
nature. But if the process of producing variation is open-ended, the
introduction of constraints can channel the variation, and by directing
it, produce much further or deeper exploration in a given direction
than would otherwise be possible. Constraints can thus play a creative
and, in one sense, ultimately progressive role. This is a deep truth,
not only about evolution, but about problem-solving and exploration in
general. (1988, 235)
Nevertheless, the fact that epistemic variation is constrained (and hence guided
to some extent) seems to contradict the analogy with random2 genetic mutation
which apparently is not constrained in any sense. At the primary, genetic level
variation seems truly uninhibited.
But on closer scrutiny genetic variation is not random2 either, for one
must not forget that there are certain restrictions on the possible range of
mutations as well. As for instance Robert J. Richards (1981, 56-57) points
out, classes of variations characteristic of a particular species, say elephants,
are not likely to occur in another comparatively remote species like fruit flies
or sticklebacks. Put differently, the genetic background of a particular species
will inevitably constrain the kinds of variations which actually arise. Dawkins
(1986) makes a similar point when he writes:
Mutation is non-random in the sense that it can only make alterations
to existing processes of embryonic development. It cannot conjure, out
of thin air, any conceivable change that selection might favour. The
variation that is available for selection is constrained by the processes
of embryology, as they actually exist. (1986, 312. Italics in original.)
Biological evolution always uses existing building blocks and body plans
(Baupläne) to try out small variations on a given theme. As Gould (1989)
demonstrates, biological evolution still operates on the same basic anatomical
body plans that were generated during the Cambrian explosion, some 550
million years ago. So only a minority of the things that conceivably could
evolve are actually permitted by the status quo of existing structures and
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developmental processes. It is therefore not true that mutation is genuinely
uninhibited.19
Dawkins (o.e., 306-307) lists other respects in which mutation is nonrandom2. For instance, mutations are induced by so-called 'mutagens' like Xrays, radioactive substances and various chemicals, etc. So mutations do not
spontaneously happen, but are rather caused by definite physical events.
Another example of constraints on genetic variation is illustrated by the
phenomenon known as 'mutation pressure'. At each locus on the
chromosomes, mutations in certain directions may be more likely than
mutations in other directions. In short, genetic variation is restricted by
existing structures and processes much in the same way as epistemic variation
is restricted by prevailing heuristics, conceptual schemes, and paradigms. As
Kantorovich (1993) puts it:
[T]he range of possible variation is limited by the constitution of the
organism's genotype and by the laws of molecular biology. More
specifically, the range of mutation which a given gene can undergo is
restricted by the gene's structure. Hence the mutational repertoire of a
gene pool is restricted or determined by the evolutionary history of
the species, just as the repertoire of new ideas in science is restricted
by tradition or by the world picture. (1993, 150)
So both genetic and epistemic variation are random, or blind with respect to
the 'problems' they have to solve. An ensuing selection process is needed to
find out whether some variants will be useful or not. But neither genetic
variation nor epistemic variation is truly random2 in the sense that they are
completely unbiased. Constraints on variation are not only present in scientific
evolution but in biological evolution as well. I therefore believe that the
analogy still obtains. Hence in the remaining sections I drop the distinction
between random! and random2 because epistemic and genetic variation are on
a par in this regard.

19

Cf. Stein & Lipton 1989, p. 48. Stein & Lipton call constraints on genetic
variation 'genetic heuristics'. Genetic heuristics may take two different forms,
depending on whether we look at the genotypic or the phenotypic level. At the
genotypic level, the structure of DNA acts as a genetic heuristic: certain (combinations of) mutations are precluded simply because they lack molecular stability.
At the phenotypic level, some mutations are precluded simply because they are fatal:
mutations such as those which would lead to the absence of a heart in animals are
eliminated before the animal comes into being. Such mutations are not phenotypically viable.
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34. Biological and epistemic preadaptation
We have seen that, intuition to the contrary, epistemic variation is blinder than
it seems, whereas genetic variation is more biased than it seems. A similar
conclusion can be found in Stein & Lipton's (1989) arresting paper on the
analogy with respect to variation. In the present section I will expound their
view in some detail for I believe that it further secures the parallel between
biological and epistemic variation. Stein & Lipton's analysis is mainly focused
on the evolutionary mechanism of preadaptation. They argue that preadaptations in the biological realm closely resemble heuristics in the epistemic
domain. Both heuristics and preadaptations result from earlier selectiveretention processes and both act as constraints which channel future variation
in certain directions. Put differently, both heuristics and preadaptations are
instances of already achieved knowledge upon which future variations may
operate. But before I expound this particular analogy, let me first explicate the
notion of preadaptation.
The term preadaptation was introduced into evolutionary biology to
explain the evolution of complex organs, especially those organs or features
which cannot be explained by adaptation in one direction. An appeal to
preadaptation says that a complex structure must have evolved from an earlier,
and presumably less complex, structure which had a different function than the
later or current one. Such a redirection of function is also called a 'functional
shift'.20 Evolutionary biologists therefore distinguish a functional shift from
an 'intensification of function' or adaptation in one direction. An intensification of function is displayed by an organ or trait which preserved and
increased the same function during its entire evolutionary history. Recall my
discussion of the evolution of the eye (§ 29). The evolution of the eye is an
apt example of an organ which preserved the same general function throughout
its evolutionary history, viz., the detection of ambient light. (As an aside,
when I say 'its evolutionary history' I skip some details for the sake of convenience, for as Dawkins (1995, 78) points out, serviceable, image-forming
eyes have evolved independently from scratch between forty and sixty times in
many different animal phyla.21 But these details are not relevant for the
present discussion because the overall function of these 'different' eyes is, and
always has been, the same.)
As an example of a functional shift, consider the wings of birds.
Biologists assume that there must have been simpler, intermediate structures
before the fully-fledged wing emerged. These intermediate or proto-wings
20

Cf. E. Mayr 1988, pp. 408-409. S.J. Gould 1991, p. 144 ff. M. Ridley 1993, pp.
329-330. D. Dennett 1995, pp. 280-281. M.W. Strickberger 1996, p. 36.
21
See also: R. Dawkins 1996, Chapter 5.
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clearly were unsuited for flying and hence must have been adaptive for
different reasons otherwise they would not have been retained. For instance,
proto-wings may have been used for trapping insects or regulating body
temperature before they actually became suited for gliding and rudimentary
ways of flying.22 Another classic example of preadaptation or a functional
shift are the fins of the lobe-finned fish. Coincidentally, these fins turned out
to be good for other purposes than swimming, like foraging along the tide line
and, eventually, crawling on land. All tetrapods (amphibians, reptiles, birds,
and mammals) evolved from the lobe-finned fish. Hence biologists say that the
pre-wing structure was 'preadapted' for flight, and that the fins of the lobefinned fish were 'preadapted' for walking on land, etc. Preadaptation generally
involves a large change in function with little change of structure.23
The analogy with epistemic evolution is as follows. In the same way as
biological preadaptations act as constraints on which future genetic variation
can operate, epistemic preadaptations act as constraints on which future
epistemic variants can operate. Preadaptations in either realm are instances of
already achieved knowledge which will channel future evolutionary developments. But again, one should not forget that both kinds of preadaptation
ultimately stem from previous random variation and selective retention
processes. Both biological and epistemic evolution always build upon earlier
achievements, even when they break new grounds. In biological evolution, the
appearance of the proto-wing made possible the appearance of some structures, most notably a fully-fledged wing. At the same time, the appearance of
the proto-wing prevented certain other structures from appearing, for example,
an arm in place of a wing. Similarly, in epistemic evolution, if a scientist
adopts a certain heuristic or methodological strategy, then various future
conjectures are made possible, but others are made impossible or very
unlikely.
22

Cf. R. Dawkins 1996, Chapter 4, especially pp. 113-118.
Some contemporary biologists are unhappy with the name 'preadaptation' because
it insinuates foresight. The term preadaptation unwittingly suggests that the process
of biological evolution somehow 'knew' that, at some later time, the ancestor wing
could be used for flying and that the fins of the lobe-finned fish could be used for
crawling on land, etc. The term preadaptation, in short, suggests that biological
evolution is goal-directed and that it anticipates future developments. Because the
term may lead to confusion, Stephen Jay Gould & Elizabeth Vrba (1982) have
proposed to drop the name in favour of their term 'exaptation' which bypasses any
connotations of foresight. Stein & Lipton (1989, p. 55, endnote 3) agree with Gould
& Vrba that the term is somewhat ill-chosen, but they nevertheless stick to it. Stein
& Lipton say they prefer the standard term but it should be read as synonymous to
Gould & Vrba's exaptation, i.e., not implying any foresight. I will employ the
standard term with the same connotation as well.
25
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To illustrate the analogy, consider the case of Kuhnian exemplars.
According to Kuhn (1970, passim), exemplars must be seen as canonical or
standard solutions which are used in a particular field of research as a model
for new solutions. Exemplars are a special kind of field-specific heuristics. In
the education of aspirant scientists such exemplars serve as paradigm cases of
respectable and reliable ways of doing science. Furthermore, if Kuhn's
analysis is correct, the exemplars will determine which problems count as
genuine problems in the first place. The requirement of similarity created by
the exemplar thus highly restricts the epistemic variation the scientist is going
to consider in the attempt to solve a particular problem. Like other heuristics,
exemplars closely resemble biological preadaptations. That is, both biological
and epistemic preadaptations act as constraints which guide variations in
certain directions rather than others. Stein & Lipton write:
Exemplars can be thought of as old solutions grafted onto new
problems. In this way, they are much like biological preadaptations old organs, which perform a function in the old environment, are used
for another task in the new environment. In addition, exemplars
determine what problems a scientist will tackle (namely those which
are similar to the exemplar problems) in a way very much like the
way a pre-organ structure restricts the sort of final organ an organism
will have.
An additional feature of the analogy is that both types of
preadaptations can be viewed in two, quite compatible, ways: either as
restrictions on future variations or as programs for the generation of
new variations. In both the biological and the epistemic cases,
preadaptations restrict variation, but they also make certain variations
possible. (1989, 47)
To be sure, Stein & Lipton do not claim that preadaptations (in either realm)
make the (individual) variations less random or blind. Rather, they argue that
preadaptations put certain restrictions upon the range of possible variation in
the sense that existing biological or epistemic structures narrow down the
number of possible routes which evolution may take. Remember, in the
previous section I argued that the variation which is available for selection is
constrained by structures or processes already present. Only a minority of the
things that conceivably could evolve are actually permitted by the status quo of
existing structures and processes, whether biological or epistemic.
Let us take a closer look at the heuristics or epistemic preadaptations
which constrain scientific development. Stein & Lipton argue that, by
generating new hypotheses, scientists are guided by a nested hierarchy of
heuristics. For instance, consider the case of a scientist who has come up with
a hypothesis which is guided by a certain heuristic Hx. We may ask: where did
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Hx come from? The most plausible answer would be that it must be the result
of a previous blind variation and selective retention process. Yet there still
seem to remain two possibilities, namely: either heuristic # , was actually
blindly generated and subsequently retained, or # , was generated on the basis
of another heuristic Нъ which could be viewed as a more entrenched heuristic
or meta-heuristic. And again the same story holds for H2: where did this
heuristic come from? Either it must have been blindly generated and retained,
or it was constructed on the basis of a still deeper entrenched heuristic Я 3 etc. Stein & Lipton argue that such a hierarchy opens the possibility of an
infinite regress which may pose a serious problem for evolutionary epistemology. For if the regress does not come to an end, the Darwinian account
of scientific change is built on quicksand. There must be a selectional process
at the heart of all creative innovation, no matter how many instructional
processes are built on top of it. Put differently, the hierarchy of heuristics
ultimately has to be based on genuine blind variation otherwise evolutionary
epistemology is not going to work.
In § 33, I already hinted at a possible solution to the problem of infinite
regress: at some level in the hierarchy, the heuristics (or other constraints on
variation) turn innate in the sense that they are hard-wired in our brains. As I
argued earlier, there is good evidence that elementary deductive, inductive,
and abductive reasoning are part and parcel of our cognitive hardware or
'wetware' (§ 10). One might object that the requirement of blind variation gets
violated then because, at the lowest levels, epistemic variations are still guided
by innate cognitive mechanisms. Yet one could rightly say that at this point
the blind biological variations take over, for our cognitive apparatus in turn is
the result of biological evolution.
However, Stein & Lipton think that this solution is wrong. To save the
blindness claim by an appeal to biological variation both creates a disanalogy
between biological and epistemic evolution and makes evolutionary epis
temology trivial. First, they believe that a disanalogy is established because
the appeal suggests that only biological evolution is truly random, whereas
epistemic evolution is merely 'blind by proxy'. More specifically, Stein &
Lipton think that by using biological evolution both as an analogy and as a
direct explanation, the strength of the analogy is weakened.24 Secondly, they

24

Note that the problem boils down to the question which particular brand of
evolutionary epistemology is involved here. Recall, in § 7, I demonstrated that
evolutionary epistemology comes in two different guises. The first version uses
biological evolution as a direct explanation for the cognitive fit between animal and
environment, whereas the second version takes epistemic evolution to be analogous
to biological evolution. It should be clear that Stein & Lipton prefer only the latter
brand. In contrast with Lorenz, Campbell and others, they believe that evolutionary
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believe that an appeal to blind biological variation makes evolutionary epistemology trivial because it simply reduces epistemic evolution to biological
evolution, for regardless of what happens at the epistemic level, if biological
evolution is blind, then so is epistemic evolution.
The problem of infinite regress thus asks for a different solution than
the explanation in terms of hard-wired inferences which are the result of blind
biological variation. Stein & Lipton believe that the problem can be solved by
arguing that the acquired component of human knowledge itself already rests
on random epistemic variation. Hence an appeal to blind biological variation is
not needed. Put differently, the fact that conjectures are based on many levels
of heuristics will not prevent that scientific discovery largely is a random and
blind event. So, according to Stein & Lipton, epistemic variation is ultimately
random, even with the aid of heuristics. Our knowledge is a result of randomvariation-and-selective-retention processes operating within the constraints of
heuristics, whether inborn, acquired, or both. Innate and non-innate heuristics
leave enough margins for a genuine blind variation and selective retention
process because the heuristics only determine the range within which conjectures are generated, and the amount of variation within that range could still
be considerably large. After all, different scientists come up with different
hypotheses, even if they belong to the same research group and even if they
employ the same heuristics or exemplars.25
I think that Stein & Lipton's claims are correct, but I also believe that
they underestimate the role of innate heuristics. In § 32, I argued that our
inborn inferences and expectations are indispensable to science as an entering
wedge. Without such innate similarity standards we would not even know
where to begin our search for new hypotheses. Without innate heuristics, that
is, we would have to take seriously Peirce's worries about a trillion potential
theories. Am I saying then that epistemic variation is not genuinely random?
No, I agree with Stein & Lipton that heuristics, whether innate or acquired,
epistemology has no responsibility whatsoever to explain innate cognitive traits of
animals and humans. Stein & Lipton (o.e., p. 44) assert that evolutionary epistemology 'just involves the claim that beliefs evolve in the same way that biological
species do.' So explanations of innate heuristics can safely be left to biology or
psychology. In Stein & Lipton's view, evolutionary epistemology only has to explain
those heuristics which are acquired.
25
The philosopher of science Ronald Giere (1990) adds a further cause for epistemic
variability, viz., the teaching process. Giere writes: 'Evolution requires variation.
The teaching process, as every teacher knows, introduces considerable variation. No
students leam exactly what they are taught. More indirect methods of replication are
likely to introduce even more variation. So there is sure to be ample variation in the
cognitive resources of individual scientists to make an evolutionary model of science
possible.' (1990, p. 26. Italics in original.)
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cut down the range of conceivable hypotheses, but that this restriction still
leave enough room for a random variation and selective retention process
within the epistemic domain itself.
To recapitulate. In the previous section, I argued that both genetic and
epistemic variation are restricted by already existing structures and processes.
In the present section, I elaborated this view by introducing the notion of
preadaptation. According to Stein & Lipton, the mechanism of preadaptation
can be found both in the biological and the epistemic realm. Both biological
and epistemic preadaptations act as constraints which guide variations in
certain directions rather than others. Epistemic preadaptations can be thought
of as heuristics, methodological strategies, or Kuhnian exemplars: they
determine which problems a scientist is going to tackle and hence which kinds
of hypotheses are generated. So preadaptations in either realm are instances of
already achieved knowledge which will channel future evolutionary developments. Yet the fact that there are innate and acquired constraints on epistemic
variation does not imply that the epistemic blindness claim is refuted because
these restrictions leave enough margins for a genuine Darwinian trial & error
process within the epistemic sphere itself. Hence an appeal to blind biological
variation is not needed.

35. The cocoon of knowledge
In the previous section, I argued that heuristics (or epistemic preadaptations)
generally are built upon each other, a process which results in a nested
hierarchy of heuristics. Subsequently, we have been looking 'downwards' in
the hierarchy to entrenched heuristics, meta-heuristics and, finally, innate
heuristics. In the present and final section of this Chapter my aim is to look
'upwards' in the hierarchy. Scientists may be guided by tradition or by certain
tested procedures and other earlier achievements, but in a radically novel
epistemic setting these procedures and heuristics might be useless. Put differently, it seems that if one exceeds a familiar scheme of knowledge, one has
no choice but to proceed in a genuinely random manner all over again. The
same scenario then would hold for biological evolution: if a particular species
is forced, for whatever reason, to explore a new or altered environment, most
and perhaps even all (pre)adaptations of the organisms concerned will no
longer be functional.
Campbell, who has elaborated this particular argument in many of his
writings, argues that it reveals a truth of Darwinian evolutionary processes in
general: it seems that if VST-algorithms are forced to explore new territory,
they necessarily have to begin from scratch. I will expound Campbell's
argument in the present section. I argue that his view is too pessimistic:
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whatever radical changes may occur, evolution always preserves basic building
blocks which again can be used in novel surroundings. Yet my conclusion
does not threaten the analogy with respect to variation, for neither epistemic
nor biological evolution ever have to begin from scratch. Let us look at the
epistemic case first.
Campbell argues that existing heuristics are generally well-equipped for
dealing with familiar problem situations. Heuristics, we have seen, effectively
narrow down the range of possible epistemic variation in that they guide
scientists how to solve current problems. But given the fact that current
heuristics are effective constraints on variability in the prevailing scheme of
theorizing, they consequently are ineffective when it comes to genuinely
innovative science or when a Kuhnian paradigm shift occurs. In a completely
novel epistemic setting most existing procedures become useless since the
knowledge which has been accumulated earlier is not valid any longer. Hence
Campbell believes that in such cases the evolutionary algorithm has to proceed
blindly. Instead of refining the knowledge already achieved, random epistemic
variation now has to be exploited in order to overcome the conceptual shift.
As Campbell (1974a) puts it:
In going beyond what is already known, one cannot but go blindly. If
one can go wisely, this indicates already achieved wisdom of some
general sort. (1974a, 422)
In his (1974b), Campbell puts it as follows:
[increasing knowledge or adaptation of necessity involves exploring
the unknown, going beyond existing knowledge and adaptive recipes.
This of necessity involves unknowing, non-preadapted fumbling in the
26
dark. (1974b, 147)

26

Cf. D.T. Campbell 1974b, p. 142. There he writes: '[Щ one is expanding
knowledge beyond what one knows, one has no choice but to explore without benefit
of wisdom (gropingly, blindly, stupidly, haphazardly). This is an analytical truth
central to all descriptive epistemologies of the natural selection variety.' In a more
recent paper, Campbell (1987, p. 147) writes: '[W]hile introducing considerations of
intentional problem-solving will explain constraints in the randomness of search [...]
it will not obviate the wasteful fumbling among alternatives that characterizes all
discovery processes. If one is going beyond already trusted "knowledge", one has no
choice but to explore blindly. Intelligent choice represents already achieved
"knowledge" or trusted believe.' (Italics in original.) See also: Campbell 1990, p. 9.
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Campbell (1974b, 142) calls his claim an analytical truth. Tradition may guide
us within a familiar framework of knowledge, but to go beyond a familiar
scheme, one has no choice but to proceed blindly.
If we translate Campbell's argument into a Kuhnian view of scientific
change, one could say that during normal science epistemic variation is bound
to be restricted by heuristics and exemplars which have demonstrated their
efficacy in the past. But during abnormal science, old heuristics and traditional
exemplars will be rejected and the search for new ones will ipso facto exhibit
a random and blind character. Stein & Lipton (1989) explain:
According to Kuhn, new exemplars are generated when a scientific
discipline goes into a protracted period of crisis. If the old exemplars
cannot be made to work, some scientists will begin to search for
replacements, a search which may culminate in a scientific revolution.
But insofar as it is exemplars that guide scientists, and new exemplars
can only be discovered by suspending the old ones, the search for new
exemplars must be largely unguided. (1989, 46)
So during a Kuhnian crisis, scientists belonging to a particular discipline could
be recommended to leave behind all past heuristics and exemplars in order to
widen the range of variation. If the previously trusted corpus of knowledge is
left behind, the resulting extended search space may soon provide a new
bridgehead for further research in the unfamiliar epistemic setting. A less
biased range of variation, that is, will not only generate novel solutions with
regard to the content of science - ideally it will also generate new
methodological procedures in the form of heuristics and exemplars. These
procedures, in turn, then will restrict the range of future variation. The
recommendation to speculate wildly thus seems highly appropriate on such
occasions. When fresh concepts and new perspectives are needed, a random
search will not only be inevitable, it may be the best way to proceed.27

27

One could argue that Paul Feyerabend's (1975) methodological and theoretical
pluralism is compatible with evolutionary epistemology. Ron Amundson (1989, p.
429), for instance, confesses that he considered Feyerabend's attitude to be totally
irresponsible until he realized that Feyerabend could be depicted as a puritanical
evolutionary epistemologist: 'Now I see that Feyerabend is simply trying to make
science more like natural selection, by removing the sort of bias in variation of
hypotheses that the cognitive goals ('ideologies') of scientists impose on theory
generation. A random source of theory generation would better satisfy the conditions
[of Darwinian evolution], and result in a more purely selective process.' (Italics in
original.) Campbell (1974b, pp. 153-154), in a similar vein, thinks that
Feyerabend's advocacy of anarchism could be translated into the belief, common
among evolutionary epistemologists, that we cannot make general rules about the
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But now let us pause and reflect on Campbell's argument for a moment.
Is it really true that all guiding principles will be abandoned when it comes to
genuinely innovative science or when a scientific revolution occurs? Of
course, innate heuristics, if present, will continue to do their job, so perhaps I
have to restate my question as follows: is it true that all acquired heuristics
break down when a scientific revolution occurs? In order to demonstrate that
this is not the case, consider the analogous situation in the biological realm. In
§§ 19-20, I discussed the example of a radical environmental shift. A Kuhnian
paradigm switch may well be compared to such environmental changes:
apparently, just as old exemplars lose their authority in the novel epistemic
setting, old adaptations will lose their function in the novel ecological
habitat.28 For example, suppose a sudden and unfortunate climatological
change occurs and that the arctic ice cap melts. To return to my favourite
example of the polar bear: since the low temperature, the snow and ice are
gone, the bear's white fur and insulating blubber will no longer be functional.
Indeed, in such a case these particular traits may well be detrimental because
the animal is no longer camouflaged and the insulating blubber now may upset
its metabolic balance, etc. But, of course, this does not mean that all the
animal's adaptive traits are no longer functional.
In § 20, I argued that organisms are not only adapted to local aspects of
their environments such as temperature, soil and vegetation, but also to global
aspects like seasonal changes, the properties of air and water, and the earth's
gravitation, etc. Thus, in our hypothetical case, the polar bear's design may
have lost those functions which correspond with local criteria, but many other

selection criteria that future science will use. Yet, as Campbell rightly points out,
'Feyerabend is so in love with variation as to totally neglect selection and to see
retention only as variation's enemy.' Feyerabend thus is a 'one-sided evolutionary
epistemologist at best. '
28
Since Kuhnian crises in the scientific realm may be compared to environmental
shifts in the biological sphere, one could rightly say that periods of normal science
resemble biological species in state of stability. Thus, according to Kantorovich
(1993, pp. 150-151), when environmental conditions are stable and the organisms
are not forced to explore a new habitat, it is likely that most new mutations will be
detrimental rather than advantageous. The reason for this is that most possible
variations already have been tried out in the phylogenetic history of the species concerned. So only radical environmental changes might expose an advantageous
variation. Similarly, Kantorovich argues that radically new ideas are unlikely to
occur during stages of normal science because most promising epistemic variants
already have been tried out in the history of the discipline concerned and variants
that deviate from the exemplars are repressed. So only a Kuhnian crisis and the
ensuing rejection of established exemplars might expose a new scientific
breakthrough.
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deeper entrenched adaptations, like the animal's basic anatomy, its digestive,
central nervous and reproductive system, etc., will survive the environmental
shift. Moreover, if the polar bear's gene pool contains sufficient variation, a
cumulative selection process shortly will generate animals with darker furs and
thinner layers of fat. Recall the example of the peppered moth (§ 19). Just as
the moths rapidly responded to an environment covered with sooth, the polar
bears may soon adjust themselves to their new, temperate surroundings.
Similarly, I believe that when a Kuhnian crisis or a scientific revolution
has occurred, some field-specific heuristics may no longer be effective, but
many other deeper entrenched beliefs and procedures will undoubtedly survive
the conceptual shift. Even when scientists work on the very frontier of
knowledge they still make use of past experience, say, reliable laboratory
routines and other practices which may guide them into unfamiliar research
areas. In Callebaut (1993), the philosopher Thomas Nickles for example aptly
remarks that 'scientists never leave the cocoon of established practices.'
Nickles expounds:
[T]he question is whether scientists, working with the rich sets of
constraints of their problems and specialty communities, are ever
completely at that bottom level, whatever that means. After all, you
cannot even have a problem without having some constraints on what
would count as an adequate solution. For that matter, you cannot have
even blind variation and selective retention without having some
criteria of selection, and human investigators actively working on
problems are more or less aware of these criteria in advance and can
use them to guide their search, up to a point. (1993, 300-301. Italics
in original.)
Nickles rightly argues that scientists are never in the predicament of complete
oblivion for even when they arrive at epistemic frontiers they can rely on past
experience.29 The frontier is pushed back from the inside, so to speak. In
short, Campbell's claim is too pessimistic: if scientists explore new territory
they still employ basic heuristics and procedures which act as guidelines for
further inquiry.
A few conclusions can be drawn. First, note that the analogy with
biological evolution is re-established. Radical environmental changes inevitably
will upset any particular population of organisms, but some functional structures will outlive the shift in the sense that they still can be utilized in the new
and unfamiliar habitat. These enduring adaptations, in turn, will act as
constraints on the range of possible variation and hence will channel future
evolutionary developments. So, like scientific evolution, biological evolution
See also: T.J. Nickles 1983.
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never leaves the cocoon of established knowledge either. (Again, 'knowledge'
should be read in the broadened sense, i.e., also covering adaptation.) As I
argued in § 33, Darwinian evolution always uses existing (or remaining)
building blocks to try out small variations on a given theme.
Secondly, note that although scientists are never in the predicament of
total blindness, the search for new concepts, theories, and procedures undoubtedly will contain a genuine random component. That is, the basic heuristics
that survive a conceptual shift may guide scientists up to a point, but at the
same time they still radically underdetermine any closer interpretation of the
new paradigm. So further advancement necessarily will involve random
variation and selective retention, even if some constraints on the range of
epistemic variation are present. Moreover, as we have seen in the previous
section, even during periods of normal science the set of heuristics available to
any particular discipline will leave enough room and possibilities (i.e.,
potential solutions for any particular problem) for a process of random
variation and cumulative selection. Yet Campbell's claim of completely
unbiased variation is beside the point: in both the biological and the scientific
domain the range of variations always is restricted by earlier achievements.
Neither biological nor scientific evolution ever have to begin from scratch.
More importantly, I believe that my analysis of the ways in which
biological and epistemic variations are generated sufficiently sustains the
analogy under consideration. Critics of evolutionary epistemology are mistaken
in suggesting that the alleged parallels are merely superficial, or worse,
positively misleading. I believe that there is no fundamental discrepancy
between the two modes of variation. Both kinds of variation are blind or
random in the sense that success cannot be predicted in advance. It is only in
retrospect and by ignoring all the failures and mistakes that science appears to
be a guided process. But neither kind of variation is random in the sense that
they are completely unbiased: in both the biological and the epistemic realm
already existing knowledge will channel future developments in certain
directions rather than others. Yet these constraints leave enough margins for a
genuine trial & error process in either domain. In sum, I conclude that the
first essential ingredient of Darwinian evolution is present in science. As I
demonstrated in § 14, random variation is a necessary prerequisite for selective-retention processes to function properly. Wherever you find variation,
selection, and transmission, you will find Darwinian evolution. In the next
Chapter, I focus on the second essential ingredient of evolution. Is there a
process analogous to natural selection operating in the scientific realm?
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Summary
Critics of evolutionary epistemology argue that there is a fundamental
discrepancy between biological and epistemic variation. In the biological realm
the variations are generated blindly, whereas in the scientific domain the
variations are guided by the scientist's purposive effort to solve current
problems. One way to solve this discrepancy is to argue that biological
variations are directed as well. Yet, as my discussion of Popper's model of
orthogenetic trends revealed, such a strategy is hard to reconcile with contemporary biology. Another way to save the analogy is to argue that epistemic
variation ultimately is as blind as biological variation. Thus Kantorovich
believes that serendipitous chance discoveries are decisive in giving science its
blind edge: major, paradigm-transcending innovations are usually generated by
accident.
However, I think that a stronger claim is possible. I believe that it is
only in retrospect that scientific development appears to be an orderly, highly
controlled, and guided process. If we take into account all the mistakes, false
steps and dead ends, a more realistic and less flattering picture emerges. By
looking only at the rare successes, we tend to forget the many failures. The
fact that epistemic variations are generated with the purpose to solve problems
does not make them automatically true. So purposiveness not necessarily
excludes randomness. The acknowledgment of blindness thus simply coincides
with our commitment to fallibilism. Increased fit, whether in the biological or
the scientific realm, is a function of selection after the fact.
Rescher demonstrates that random epistemic variation may occur at the
thesis level as well as the methodological level, albeit that trial & error
processes at the methodological level generally will precede trial & error
processes at the thesis level. Successful methods, procedures, and heuristics
thus act as constraints on the range of future variation. This particular bias in
epistemic variation seems to violate the blindness claim, but one must not
forget that there are restrictions on the range of biological variations as well.
Stein & Lipton show that preadaptations in the biological realm closely
resemble heuristics in the epistemic domain: both act as constraints on future
variation and both channel future developments in certain ways rather than
others.
So the presence of a guiding tradition in science does not undermine the
analogy with biological evolution. For the way in which the repertoire of new
ideas is restricted by the established world picture closely resembles the way
in which the mutational repertoire of a gene pool is restricted by the
evolutionary history of the species. Neither biological nor epistemic variation
are truly uninhibited. Still, these constraints leave enough margins for a
genuine evolutionary process of random variation and selective retention.
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Campbell's claim that the evolutionary algorithm has to begin from scratch
whenever it is forced to explore new territory is false. In both biological and
scientific evolution there always remain basic building blocks which can be
employed in unfamiliar areas. Neither biological nor epistemic evolution ever
leave the cocoon of established knowledge. I therefore conclude that critics are
mistaken in suggesting that there is a fundamental discrepancy between
biological and epistemic variation.
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The Engine of Evolution:
The Analogy with Respect to Selection

36. Cumulative winnowing
In the previous Chapter, I dealt with the analogy with respect to variation. I
argued that random variation is the source or - to borrow a 20th century
metaphor - the 'fuel' of both biological and scientific evolution. In the present
Chapter, I will scrutinize the second ingredient of the evolutionary recipe:
cumulative selection. If variation is the fuel of evolution, then selection is its
diesel engine. Remember that cumulative selection must be distinguished from
single-step selection (§ 32). As Dawkins (1986, 43 ff.) points out, contrary to
cumulative selection, in single-step selection each new trial is a fresh one. Put
differently, in single-step selection the entities sorted are selected once and for
all. As an example consider the solar system. The solar system consists of a
relatively stable population of gaseous and solid planets, asteroids, comets and
other forms of cosmic debris orbiting the sun. The nearer a particular satellite
is to the sun, the faster it has to travel if it is to counter the sun's gravity and
remain in stable orbit. So if it were travelling at any other speed, the satellite
would either move out into deep space, or collide with the sun, or move into
another trajectory. If we look at the major celestial bodies of our solar system,
we find that most satellites are travelling at exactly the right velocity to keep
them in a stable orbit around the sun.
Should we consider this stability as a miracle of purposeful design? No,
we can explain the planet's actual orbits by invoking a natural sieving process:
obviously all the planets and asteroids that we see orbiting the sun must be
travelling at exactly the right speed, otherwise they would not be there. So
during earlier stages of the solar system there must have been many satellites
which either have crashed into the sun or have escaped the sun's gravity by
fleeing into deep space. The present stable situation is a result of an elementary selection process in which the many sorts of satellites act as random
variations and the sun's gravitational pull as a non-random winnowing force. It
seems therefore appropriate to say that the solar system has evolved - the
present state is the result of earlier selection processes. But note that the
formation of our solar system is by no means an example of neo-Darwinian
evolution. Because the third essential ingredient for genuine evolution to
occur, viz., transmission, is absent, changes in our solar system are not the
result of genuine VST-algorithms.
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The crucial difference between single-step selection and cumulative
selection is that in the latter process the variants are somehow able to
reproduce. The evolution of the solar system is an example of single-step
selection because no replication was involved in its development.1 By
contrast, in cumulative selection the results of one sieving process are fed into
a subsequent sieving, which in turn is transmitted to another sieving, and so
on. The entities which are subjected to selection thus comprise many
generations: the end product of one generation of selection is the starting point
for the next generation of selection, etc. Selective retention over many
generations will result in an increasingly closer match between the dynamic
system on the one hand and the particular 'environment' in which it operates
on the other. Cumulative winnowing ensures that information about the
environment gradually builds up: because the process retains and accumulates
the outcomes of each new trial, the entire system will fine-tune itself to its
surroundings. In short, both kinds of selection are non-random, but only
cumulative sieving processes are able to produce highly impressive instances
of order and design, even if such a process is totally devoid of purpose or
conscious intention. (Reproduction - or transmission - will be the topic of the
next Chapter.)
Biological evolution is the paradigm case of a cumulative selection
process, but not necessarily the only one. In § 14 I argued that in principle
any dynamic system could genuinely evolve, provided that the three
ingredients of the Darwinian recipe are present. I believe that science is such a
dynamic system. In my view there is a strong resemblance between the way in
which biological variants are selectively retained and transmitted to future
generations and the way in which epistemic variants are selectively retained
and transmitted to future generations. Scientific change is propelled by the
same mechanisms as biological evolution: both processes are the result of
Darwinian variation-selection-and-transmission algorithms which scan and
detect the many properties of the objective world. My aim in the present
Chapter is to further explore and to strengthen such an evolutionary account of
scientific change. I argue that cumulative selection is not only the engine of
biological evolution but of scientific evolution as well.
In §§ 4 and 32 I already discussed briefly the ways in which science is
driven by cumulative selection processes. There I addressed Goldman's (1986)
and Laudan's (1996) notion of epistemic bootstrapping which can be depicted
as a winnowing force acting upon a constantly varying set of alternative
methods, procedures, and theses. From this set we select and retain those
epistemic variants which yield promising results and we reject the ones which
do not. In this way we should be able to improve our methods and theories in
1

Cf. D. Hull 1988b, p. 410.
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time, even though we lack a solid and everlasting epistemological foundation.
Similarly, in § 32 I discussed Reseller's (1990) methodological Darwinism
which emphasizes that selection processes in science are cumulative and selfcorrective: novel experiences will force us to adjust or abandon some of our
methodological tenets, and this output, in turn, will induce novel experiences,
etc. According to Rescher, selection in science is the same sort of process as
natural selection, although their actual workings obviously differ. Rescher
calls the winnowing process in the epistemic domain 'rational selection'.
Rational selection involves the selective elimination (or preferential retention)
of those methods and procedures whose effectiveness is indicated by the
lessons of experience. Rescher writes:
Rational selection is accordingly a process of fundamentally the same
sort as natural (biological) selection; both are devices for eliminating
certain items from cross-generational transmission. But their actual
workings differ, since elimination by rational selection is not telically
blind and biological, but rather preferential/teleological and overtly
rational. (1990, 10. Italics in original.)
Rescher (o.e., 9-10) therefore maintains that 'a deep kinship obtains between
the two evolutionary modes' because both processes 'exert a pressure in the
direction of greater efficiency and effectiveness in niche-attunement.' Whereas
cumulative selection in the biological realm leads to an increased fit between
organism and environment, cumulative selection in the epistemic realm results
in a closer match between a particular scientific discipline and the part of the
world it describes.
Epistemology then must not be viewed as a purely philosophical or a
priori exercise in which we try to fix our standards for doing respectable
science once and for all, but rather as an empirically orientated feedback
process in which tentative suppositions are accepted at the beginning of
inquiry and subsequently refined through a process of trial & error. Thus the
view outlined here roughly corresponds with Popper's (1972) Darwinian and
fallibilistic account of scientific growth, with the proviso that I do not
subscribe to each tenet of the Popperian model (§§ 27 and 31). Before we take
a closer look at the nature of selection processes, I will first discuss several
critics of evolutionary epistemology who, contrary to Rescher, believe that the
analogy with biological evolution breaks down because there are profound dissimilarities between blind natural selection and selection in science.
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37. The case against: the anomaly of intentional selection
Opponents of evolutionary epistemology have noticed numerous differences
between selection processes in the biological and the scientific sphere, but they
seem to agree that the most important discrepancy involves the fact that
selection in science is rational and intentional whereas natural selection is
neither purposeful nor wise but overtly blind and opportunistic. The
philosopher Christopher Hookway (1984, 14), for instance, remarks that
scientific changes are governed by man's 'cunning of reason', and hence that
'hypothesis selection is not blind'.
Similarly, authors like Paul Thagard (1980; 1988) and Ron Amundson
(1989) claim that selection in science is performed by intentional agents using
rational criteria whereas natural selection is simply the result of the differential
survival and reproduction of organisms. Thagard, like Hookway, believes that
natural selection is highly myopic and opportunistic. He argues that natural
selection only involves local criteria because selection processes in the
biological sphere are always related to specific, confined environments; this in
contrast with the selection of epistemic variants which generally involves the
application of global criteria which pertain to the whole range of science. As
Thagard puts it:
[Selection of theories is strikingly different from the selection of
genes. Survival of theories is the result of satisfaction of global
criteria, criteria that apply over the whole range of science. But
survival of genes is the result of satisfaction of local criteria,
generated by a particular environment. Scientific communities are
unlike natural environments in their ability to apply general standards.
(1988, 108)
So Mother Nature may select, but Thagard believes that she never employs
general standards. Selection of epistemic variants, by contrast, involves the
deliberate application of ecumenical criteria and universal cognitive aims like
explanatory and predictive power, empirical success, etc., which are used in
all mature sciences at any one time.2
A related objection can be found in Elster (1979, 1-18). Although
Elster's analysis is not specifically aimed at criticizing evolutionary epistemology, his arguments are relevant for the present discussion. Elster
contrasts natural selection with intentional selection (i.e., human choice): the
former is a 'locally maximizing' process whereas the latter is a 'globally

2

Not surprisingly, Hookway (1984, 14) depicts Thagard's criticism of evolutionary
epistemology as an 'excellent hatchet job'.
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maximizing' one. Elster argues that natural selection perhaps can simulate
intentional adaptation to some extent, but there nevertheless remain crucial
differences between the two processes. To illustrate his claim, Elster employs
the metaphor of 'adaptive landscapes' originally introduced by the American
geneticist Sewall Green Wright (1932). Wright, another major architect of the
Modern Synthesis, argued that biological fitness or adaptedness can be
represented by a topography with many peaks and valleys. The idea is briefly
as follows. First, the distribution of various genotypic combinations found in a
gene pool of a particular species constitutes a two-dimensional landscape.
Next, a third dimension is added by relating a particular genotypic combination to its degree of fitness or adaptedness. Thus a genotype with high
fitness will be situated at a peak, while a genotype with poor fitness will
reside in the lower valleys.3
Like Wright, Elster depicts natural selection as a shortsighted and stepby-step proceeding, hill-climbing (i.e., fitness maximizing) process. Elster
argues that, now and then, natural selection may accidentally reach a global
maximum (i.e., the peak with highest average fitness), but more often it will
prematurely strand on a local one. For instance, consider an imaginary
population situated in a valley of a two-peaked fitness landscape with a local
and a global optimum. If the population is nearer to the local peak, natural
selection will take the population away from the peak with highest average
fitness. Differently put, natural selection as a myopic gradient-climbing
process has its eye fixed on the ground and thus is incapable of taking account
of what lies beyond the next hill.
According to Elster, contrary to non-intentional adaptation through
natural selection, intentional adaptation will be able to bypass a local
maximum by making an investment or by using indirect strategies, for instance
by taking one step back in order to take two steps forward. Intentional actors
can discard the immediate gain by waiting for a more favourable one later on.
An intentional actor, that is, can raise his eyes from the ground and look
beyond the nearest hill. So whereas natural selection will generally reach only
local peaks, intentional selection will find the global one. Elster writes:
[Globally maximizing behaviour in man is immediately explained by
his ability to relate to the future and the merely possible. He can
choose the globally best alternative because he is capable of surveying
all alternatives, all possible futures. [...] We may say that in creating
man natural selection has transcended itself. This leap implies a

3

For a discussion of Wright's adaptive landscapes, see: M. Ridley 1993, pp. 203208. M. Ruse 1995, pp. 34-69. David Depew & Bruce Weber 1995, pp. 282-285.
Ruse 1996, pp. 367-373.
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transition from non-intentional adaptation, be it local or accidentally
global, to intentional and deliberate adaptation. (1979, 16. Italics in
original.)
If Elster's analysis is correct we must say that natural selection differs significantly from intentional and rational selection found in man. Apparently,
only the latter process involves a thorough analysis of the context, a scanning
of all possible moves and a deliberate choice between them. As a consequence, intentional choice is expected to be much more efficient, faster, and
fertile than any natural sieving process. The human mind has entered the
evolutionary arena.
Once more it seems that we should be pessimistic about any fruitful
analogy between the two evolutionary processes. Whereas intentional selection
in science involves the use of global criteria and an anticipation of future
developments, natural selection merely is a blind or myopic (though not a
random) process which only operates upon local constraints and opportunistically goes for the immediate gain. Ron Amundson (1989) catches the
discrepancy in the following way:
After all, a purposeful and intelligent God could have created the
natural world in seven days. It took natural selection four billion
years. The moral of the story is this: If you've got intelligence, use it.
(1989, 429. Italics in original.)
The difficult task now is to defend and re-establish the analogy with
respect to selection. Evolutionary epistemology seems to be in trouble because
the apparent contrast between natural selection and intentional choice appears
to be unsurmountable. Yet in the present Chapter I will argue that the
discrepancy is not as profound as it looks at first sight. In order to
demonstrate this, I will first analyze the nature of selection processes both in
the biological and the epistemic realm. I begin my inquiry with a discussion of
the units-of-selection controversy. I believe that this notorious problem can be
resolved by revealing the nature of selection processes as such, without
referring to any particular level of biological organization. Next, I demonstrate
that such an analysis is sufficiently general to be applied to other domains as
well. Thus I argue that scientific change is the result of the same sort of
principles that govern biological evolution. The fact that our epistemic pursuits
are goal-directed and premeditated does not undermine the analogy. Scientists
may act intentionally and rationally, but this does not make their knowledge
claims automatically trustworthy, let alone true. Accordingly, an important
message of this dissertation is that all instances of design and fit we encounter
in the biological and epistemic realm are due, not to some providential
foresight, but rather to the hindsight of a selective system. In short, I believe
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that my inquiry will show that, despite several obvious differences, there is
enough affinity between natural selection and selection in science to uphold the
evolutionary analogy. Science is indeed propelled by a process closely
resembling Darwinian cumulative selection.
35. The units of selection
A typical feature of the living world is that it is hierarchically organized,
ranging from genes, cells, tissues, organs and individual organisms to
populations, species and higher taxa. Orthodox Darwinian theory tells us that,
within this hierarchy, it is the gene that mutates, the individual organism
which gets selected, and the species that evolves. Traditionally, biologists
assumed that the individual organism is the unit of selection; indeed Darwin
himself already reasoned that organisms must be viewed as the primary targets
in the struggle for life. Given the fact that there is ample variation among the
members of any particular population, it is obvious that the better adapted
members are likely to produce more descendants (on average) than those
members who are less adapted. Put differently, adaptations have to be good
for something, and this 'something' could be no other entity than the individual organism.
However, in recent decades this traditional outlook has drastically
changed. Whereas Darwin and his followers were fervent organism selectionists, we now witness many alternative accounts which, taken together,
cover almost the entire hierarchy outlined above. Thus some biologists may be
called gene selectionists because they believe that it ultimately is the gene
which functions as the unit of selection. Other biologists have argued that it is
neither the gene nor the organism that is the unit of selection. Instead they
have focused on the other end of the spectrum believing that the population, or
even the species as a whole, must be considered as the unit of selection. These
biologists are called group selectionists.4 As a result there is a fierce debate
raging between gene, organism, and group selectionists about which entity is
the real target of natural selection.

4

Although Darwin may be called an organism selectionist, he believed that one
particular phenomenon could only be explained by invoking group selection, viz.,
morality in man. In The Descent of Man Darwin (1871, p. 166) writes: 'It must not
be forgotten that although a high standard of morality gives but a slight or no
advantage to each individual man and his children over the other men of the same
tribe, yet that an advancement in the standard of morality and an increase in the
number of well-endowed men will certainly give an immense advantage to one tribe
over another.' Cf. M. Ruse 1989a, pp. 34-54.
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The group selectionists were the first to question the received view
according to which individual organisms are the units of selection. For
instance, in his book On Aggression (1966), Konrad Lorenz mentions the
'species preserving' functions of aggressive behaviour, one of these functions
being to make sure that only the strongest individuals are allowed to breed.
This process would thus secure the continued existence of the entire species.
For similar reasons Lorenz believed that animals often engage in highly
ritualized forms of aggression - unconstrained fighting would seriously
jeopardize the survival of the species as a whole. An innate restraint on
aggression must therefore have evolved 'for the good of the species'. Accor
ding to Lorenz, it is not the individual organism but the species as a whole
that is the target of evolution.
Likewise, the Scottish biologist V.C. Wynne-Edwards (1962) argued
that major biological phenomena, like the regulation of population size and
density, evolve by group selection rather than selection of individuals. WynneEdwards gives the example of birds such as starlings which adjust their
breeding strategy - and hence their overall population size - in accordance with
varying seasonal conditions. Thus if their numbers are large and the winter is
severe, then the birds, as a group, are prompted to reduce their breeding so
that their numbers do not outstrip the resources in the coming spring. On the
other hand, if their numbers are few and the winter is mild, then their
breeding will increase because they will have available to them the resources
necessary to support increased numbers of birds. Wynne-Edwards argued that
such seasonal adjustments in breeding strategy have evolved because the
population as a whole would benefit from such behaviour. Individual or
ganisms thus are merely pawns in the evolutionary game, to be sacrificed
when the greater interest of the group or the species as a whole requires it.
Group selection causes an individual to sacrifice its own reproductive interests
for the good of its group. Accordingly, since the level of selection is the group
as a whole, the behavioural adaptations must be viewed as group adaptations.
Wynne-Edwards believed that all instances of social and altruistic behaviour
found in animals must be explained in terms of group selection - such
5
behaviour has evolved because it is 'for the good of the group'.
However, nowadays explanation in terms of group selection is con
sidered problematic, particularly since George С Williams (1966) and
Dawkins (1976) have undermined its theoretical foundation. Williams convin
cingly demonstrated that the alleged examples of group adaptations could be
analyzed differently in terms of lower levels of organization. That is, group
selection should be replaced by orthodox selection at the level of the individual
organism. To locate selection at the level of the group, and hence to say that

5

Cf. M. Ridley 1993, pp. 303-322. H. Plotkin 1994, p. 90.
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adaptations evolve for the good of the population as a whole, would be wrong
because such a view takes not into account selfish or 'parasitic' behaviour.
Take the example of the starlings again. Williams and Dawkins rightly argued
that our imaginary population of starlings is completely defenceless against
selfish behaviour because any mutant starling which disobeys the imperative of
the group would soon produce more offspring than other members of the
flock. Moreover, if the mutation for uninhibited breeding is heritable, then the
starling's offspring will also be uninhibited breeders. As a consequence, very
soon the entire population will be taken over by selfish individuals. All
adaptations which are supposedly good for the group are vulnerable to selfish
behaviour in this way. It follows that individuals generally reproduce at the
maximum rate they can. The flock of starlings is just a mob of self-seeking
individuals. In sum, the reason why most contemporary biologists consider
group selection to be a weak force in evolution is that the life cycles of groups
are relatively slow compared to the cycles of the individuals that compose
them. The amount of time it will take for selfish individuals to infect a group
and proliferate, is a small part of the group's lifespan. At any one time
individual adaptations will predominate.6
Williams (1966, 4-5) therefore introduced his principle of parsimony
which states that adaptation should be attributed to no higher a level than is
demanded by the evidence. He expounds:
Various levels of adaptive organization, from the subcellular to the
biospheric, might conceivably be recognized, but the principle of parsimony demands that we recognize adaptation at the level necessitated
by the facts and no higher.
It is my position that adaptation need almost never be recognized at any level above that of a pair of parents and associated
offspring. (1966, 19)
Of course, nobody denies that adaptations which have been assembled at the
level of the individual organism may have a considerable impact at higher
levels of the hierarchy such as groups and species. The point is that such
group or species characteristics can be explained in terms of selection at the
level of the individual organism. Altruistic behaviour, in the sense that an
individual sacrifices its own reproductive interests for the benefit of the group,
does not really exist. During harsh times the individual starling does not
sacrifice its own reproduction for the good of the flock as a whole: the
individual birds merely have diminished their reproductive output because the
conditions for producing offspring are far from ideal. Without this restraint,

6

Cf. G.C. Williams 1966, pp. 114-115.
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the newly born chicks - and the parent birds themselves - would risk starvation. In other words, the innate restraint serves selfish individuals.7
Still there are some groups of animals which, contrary to our swarm of
selfish starlings, exhibit real functional organization. The most famous and
perplexing example of such animal communities are found in the Hymenoptera: insects like ants, bees and wasps. Apparently, several hymenopteran
species are genuinely altruistic in the sense that individual animals sacrifice
their own survival and reproduction in favour of the entire colony. The tens of
thousands of female honeybees do not reproduce - instead they devote their
energies to rearing the offspring of their queen. In fact, the case is even more
mysterious because the female castes of working bees are sterile! Here a real
evolutionary problem arises because the animal's sacrifice benefits individuals
that are not its own offspring. The problem, which already haunted Darwin
(1859, 257 ff.) himself, is how such self-sacrifice can arise and, even more
remarkable, how it manages to persist in an evolutionary world which
evidently promotes individual selfishness.
It was the English biologist W.D. Hamilton (1964) who solved the
riddle of the enigmatic behaviour of social insects. Hamilton realized that for
altruism to evolve, the genes that code for altruism must have succeeded better
(even in the short run) than genes that result in selfishness. At the same time
he rightly noticed that the true measure of a gene's success (fitness) is not
whether a particular individual possessing it reproduces, but rather whether
that gene is found in more individuals in the next generation. Genes that cause
an animal to be altruistic and sacrifice its own reproduction may still survive
in the population if the resulting altruistic behaviour sufficiently enhances the
fitness of other individuals that carry copies of the same genes. In short, for
genetically programmed altruism to evolve, the donor and the recipient should
be close kin, and the benefit should be larger than the sacrifice.

7

So flocking behaviour in starlings may seem to have originated for the good of the
group as a whole, but on closer inspection it turns out that the adaptive behaviour
simply benefits the individual starling. Flocking behaviour has its costs and its
benefits. One obvious cost of flocking is that the individual must compete for food
with other birds. In starlings and many other species, at least two benefits outweigh
such costs. First, the birds can indirectly pool information about the location of
food, so that a larger area can be monitored than would otherwise be possible.
Secondly, the birds are safer from prédation - hundreds of pairs of watchful eyes are
simply superior to only one pair, and as a result, individuals can spend more time
feeding. Furthermore, predators seem to have more difficulty capturing a bird when
it is part of a flock. So if the benefits offlockingfor the individual starling outweigh
the costs, then that behaviour will be selected. Cf. W.T. Keeton & J.L. Gould 1986,
pp. 590-593.
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Hamilton applied his idea, which he called kin selection (selection for
shared genes in related individuals), to the social insects. He pointed out that
the Hymenoptera have unusual genetic characteristics. A fertile female (queen)
mates with a male and starts a new colony. Subsequently she can lay two
kinds of eggs: those fertilized by her mate and those from which she withholds
fertilization. The unfertilized eggs receive a single set of chromosomes and
genes from the queen - they all turn into haploid males (drones). The fertilized
eggs develop into individuals with a set of chromosomes and genes from each
parent - they all become diploid females. Most of these females grow up into
sterile workers that stay with the queen and do everything for the colony
except reproduce. So all the workers are daughters of the queen, and none of
these workers have offspring that carry their genes into future generations.
Again, it seems that we are confronted with the riddle that already perplexed
Darwin: if natural selection would depend on reproductive success, it cannot
explain the puzzling behaviour of female worker bees. Indeed, if evolution
were to rely only on reproductive success, it would be impossible to explain
how sterile animals could emerge and persist in the first place!
Yet according to Hamilton's theory of kin selection we must say that
natural selection ultimately depends on genetic success rather than on
reproductive success. In the end the only thing that matters is that genes are
proliferated, and in order to spread copies of one's genes, one not necessarily
has to produce offspring oneself. A female worker does not reproduce herself,
but she can increase the number of copies of her genes by helping the queen
to produce more sisters. As it turned out, Hamilton's argument applied with
special force to the Hymenoptera. For any female worker, there is ultimately
much more payoff (genetic success) in her mother's (the queen's) reproduction
than in her own. If a female worker were to produce a son or a daughter, only
half her genes would go to each offspring. But if the queen (the worker's
mother) produces a daughter (the worker's sister), three-quarters of the
worker's genes will go to that new female. Let me explain why. If one female
has a gene A, she must have got it either from her haploid father or from her
diploid mother. If she got it from her mother then there is a 50 per cent
chance that her sister shares it. But if she got gene A from her father, the
chances are 100 per cent that her sister shares it. (Hymenopteran sisters are
equivalent to identical twins as far as their paternal genes are concerned: they
share only half of the queen's genes but all of the drone's.) It follows that the
relatedness between hymenopteran full sisters is not V2, as it would be for
genetically more conventional animals, but 3/4.
Hamilton concluded that genes for altruistic behaviour directed toward
sibling sisters would increase in these insects, even if the altruists have no
offspring of their own. A gene for vicariously making sisters simply replicates
itself more rapidly than a gene for making offspring directly. Hence worker
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sterility evolved - female workers are predisposed to farm their own mother as
an efficient sister-making machine. It has been pointed out, in conformation to
Hamilton's theory, that advanced social organizations have evolved in insects
about a dozen times independently.8
What was important with regard to the units-of-selection debate was
that Hamilton had shown that reproductive success and genetic success need
not always coincide. Even sterile animals can spread copies of their genes by
increasing the fitness of close (and fertile) relatives. So in the end the
seemingly altruistic behaviour of the social insects is still purely selfish from a
gene's point of view. Each individual insect is maximally devoted to
proliferate copies of its genes to future generations. In the case of the
Hymenoptera it turned out that raising more sisters is the most effective way
to achieve this. Natural selection thus ensures that the workers in the colony
remain altruists.
Although the example of the social insects is the most extreme form of
altruism caused by kin selection, it is by no means the only example. The
special three-quarters relatedness is not needed for kin selection to occur.
Among genetically more conventional species we also find altruistic behaviour
toward kin, most obviously demonstrated in the familiar case of child-protection and parental care.9 What should be kept in mind is that natural selection

8

The significance of the three-quarters relationship is confirmed by comparison with
termites, another order of insects which advanced social organization. Termites have
normal sexual reproduction, with both males and females arising from fertilized
eggs, and without the special relationship between sisters. As a result, this special
cause for societies being based entirely on females is absent in termites. Exactly as
expected, both sexes participate about equally in the workings of termite societies.
Cf. R. Dawkins 1976, pp. 171-177. W.T. Keeton & J.L. Gould 1986, pp. 596-597.
G.C. Williams 1996, pp. 63-69. M.W. Strickberger 1996, p. 355.
9
There are many other examples of altruism caused by kin selection. For instance,
in many species of birds and mammals which form social kinship groups, one often
finds a scout who gives an alarm call when a predator is in sight. The scout thus
increases its chance of being attacked. This behaviour does not make sense unless
we invoke the principle of kin selection. That is, although the warning signal may
call the predator's attention to the scout and diminish its own chances for survival,
the effect can nevertheless help to preserve its relatives. Such altruistic behaviour
may therefore be favoured by natural selection. Surprisingly, in the 1970's biologists
discovered a species of mammal which reproductive strategy and social organization
closely resembles that of insects like termites: the African naked mole-rat
(Heterocephalus glaber). Naked mole-rats are small, and nearly blind, rodents which
spend their whole life in elaborate subterranean burrows where they form colonies
that comprise one hundred (closely related) animals or more. In the colony there is
only one female (a queen) that reproduces. The queen's dominance, in combination
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is not only restricted to the fitness of an individual carrier of a favourable
gene - fitness is also evaluated by its effect on the genetic relatives of that
individual. As a general rule (which might be considered the 'central theorem'
of modern ethology) we may therefore assume that organisms generally
behave in such a way as to maximize their own inclusive fitness. Differently
put, we may assume that organisms always try to disperse copies of their
genes, either by reproducing themselves or by increasing the reproductive
output of close relatives.

39. Darwin's beard and Ockham's razor
One might expect that Hamilton's notion of kin selection paved the way for a
revival of group selectionist ideas. After all, in the case of the social insects it
is obvious that it is the colony as a whole that benefits from the altruistic
adaptations of female workers. Yet even though kin selection results in
adaptations that are in the interest of a kinship group as a whole, we should
not forget that if we look at the colony from the gene's perspective, it turns
out that the individual insects are merely maximizing their own genetic
inclusive fitness. For a female hymenopteran, the most effective way to pass
on copies of her genes is to nurture sibling sisters. Hamilton, Williams, and
Dawkins therefore took another course. In compliance with the principle of
parsimony they argued that we should rather focus on the gene as the real unit
of selection. Thus in Dawkins' (1976; 1982) model of gene selectionism,
individual organisms are merely passive carriers or vehicles which are
gradually assembled and subsequently controlled by their genes during
evolution. For those readers unfamiliar with the work of Dawkins cum suis,
this rather extreme view requires some sort of Gestalt-switch.10 In the gene

with certain hormones in her urine, discourages other females to reproduce. She
always mates with the same males, usually two or three individuals. None of the
other males exhibit sexual interests. Four to five times a year, the queen may
produce a litter consisting of up to thirty individuals - an achievement which is
unsurpassed in the mammalian kingdom. Like the insect working castes, mature
mole-rats are prone to division of labour. Thus the biggest and heaviest animals act
as soldiers which defend the colony against snakes and other predators, whereas the
smaller ones tend to collect food for the queen and her litter. As in the case of the
social insects, most members of a colony of naked mole-rats reproduce vicariously
by increasing the queen's fitness rather than producing offspring of their own. Cf.
P.W. Sherman, J.U.M. Jarvi & R.D. Alexander (Eds.) 1991.
10
Dawkins (1976, p. 265) writes: 'At some point in the evolution of life on our
earth [...] replicators began to be formalized in the creation of discrete vehicles cells and, later, many-celled bodies. [...] This packaging of living material into
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selectionist's perspective, an individual organism is merely the DNA's way of
making more of the same DNA. According to Dawkins, vehicles do not
replicate themselves - they only work to propagate the genes they are carrying. He writes:
[T]he fundamental unit of selection, and therefore of self-interest, is
not the species, nor the group, nor even, strictly, the individual. It is
the gene, the unit of heredity. (1976, 11)
Let me explicate Dawkins* radical ideas. If we ask ourselves which
entities natural selection is adjusting the frequency of - are these entities
individual organisms or genes? - then the answer must be: genes. Gene selectionists rightly argue that natural selection cannot work on individuals in this
specific way simply because they die: they are not sufficiently permanent. Nor
can natural selection work on the individual's genome. Any particular offspring inherits only genetic fragments, not a copy of the whole genome, from
its parents. Meiotic recombination, i.e., the process of cell division during the
production of gametes (germ cells), breaks the genome in parts. So in the end
only genes increase or decrease in frequency. As Dawkins' former student
Mark Ridley (1993) states:
The gene can increase in frequency because it is not (like the genome)
fragmented by meiosis, or (like the phenotype) returned to dust by
death. The gene, in the form of copies of itself, is potentially immortal, and thus is permanent enough to alter its frequency in successive
generations. (1993, 316)
According to Ridley (o.e., 317-319), we should not forget that we are concerned with the time scale of natural selection. It takes a few thousand
generations for a mutation's frequency to be significantly altered. Over this
time, genes, but not genomes or phenotypes (individual organisms), will be
the currency of evolution. Genes will act as units of selection: they are
sufficiently permanent to have their frequency changed by natural selection. Of
course, whenever a gene is being selected, it produces a phenotypic effect and
the frequency of different organismal types thus will change along with the

discrete vehicles became such a salient and dominating feature that, when biologists
arrived on the scene and started asking questions about life, their questions were
mostly about vehicles - individual organisms. The individual organism came first in
the biologist's consciousness, while the replicators - now known as genes - were
seen as part of the machinery used by individual organisms. It requires a deliberate
mental effort to turn biology the right way up again, and remind ourselves that the
replicators come first, in importance as well as in history.'
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gene frequency. But gene selectionists argue that the change in organism
frequency is merely a consequence of the change in gene frequency. Natural
selection ultimately works on gene frequencies, and this is why Dawkins and
others maintain that the gene is the target of evolution. Evolutionary theory
can be couched entirely in terms of genes replicating at different rates."
It may seem that Ockham's razor has finally settled the dispute in
favour of the gene selectionists and reductionists. However, that impression
would be wrong.12 Darwin's beard has not been trimmed yet. For example,
even Ridley (o.e., 315) admits that there is another way of looking at the
units-of-selection problem, a way which eventually will point to the organism
as the unit of selection. The alternative view is as follows. Instead of focusing
on the entities whose frequency get adjusted by natural selection, we now must
ask: for the benefit of which entities do adaptations exist? The answer to this
particular question must be: the organism (with the additional case of kinship
groups). So the alternative picture demonstrates that natural selection does
work on individual organisms since organisms (and kinship groups) which
cope successfully with their environments generally will produce more
offspring than less fortunate ones. The units-of-selection debate thus resolves

11

Ridley (1993, p. 319) argues that 'there is an easy philosophic method of deciding
whether natural selection works on genes, or larger phenotypic units.' A simple
thought experiment suffices. Suppose we consider a phenotypic change, say a lion's
new hunting skill, and ask whether natural selection can work on this particular trait
(i) if it is produced genically and (ii) if it is produced non-genically. If the
phenotypic change is genie - caused by a mutation - and heritable, the gene responsible for the new trait may increase in frequency. If the new hunting skill permits
the lion and a considerable part of its offspring to catch more or bigger prey, copies
of the gene causing the trait will proliferate. Now suppose, Ridley argues, that the
same advantageous trait 'was caused by a non-heritable phenotypic change instead,
such as individual learning or some developmental accident in the lion's nervous
system.' Ridley thinks that the result is obvious. The individual lion with improved
hunting ability will survive and produce more offspring than an average lion. Yet,
because the trait cannot be passed on to future generations, no evolution or natural
selection in any interesting sense will occur. According to Ridley, it follows that
natural selection cannot directly work on organisms. I really doubt whether Ridley's
method clears things up. First, Ridley's argument comes very close to being
tautological because it simply states that non-heritable traits cannot be passed on to
successive generations. Secondly, I fail to see why a trait that is produced nongenically, for instance by a developmental accident in the lion's neural circuitry,
cannot proliferate. After all, the new hunting technique could still be passed on to
other lions by means of imitation. Natural selection will favour individual lions
which are able to copy the advantageous skill.
12
Cf. E. Sober 1994. pp. 142-147.
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into two separate questions which both are justified, even though they have
completely different answers.
You probably will have noticed that the alternative picture does not
appear out of the blue: it just amounts to the received view which I discussed
at the beginning of § 38. Darwin himself already believed that selection is
restricted to the level at which adaptations occur. Because it usually is a whole
phenotype that exhibits adaptations, we must say that selection operates at the
level of the individual organism, and hence that organisms are the units of
selection. It should not come as a surprise that organism selectionists like
Francisco Ayala (1978) and Stephen Jay Gould (1980) prefer the received,
holistic view. Gould (o.e., 77), for instance, believes that gene selectionism
arises from some 'bad habits of Western scientific thought'. This bad habit is
reductionism, i.e., the idea that wholes should be understood in terms of their
basic constituents. To identify the gene as the target of selection would be
utterly wrong because such a view neglects the pivotal role of the whole
phenotype in evolution. Hence a holist would say that organisms cannot be
atomized into parts, each constructed by an individual gene. Indeed Gould
(o.e., 78) believes that his 'intuition of wholeness probably reflects a
biological truth.' Arguing against Dawkins, he concludes:
No matter how much power Dawkins wishes to assign to genes, there
is one thing that he cannot give them - direct visibility to natural
selection. Selection simply cannot see genes and pick among them
directly. It must use bodies as an intermediary. A gene is a bit of
DNA hidden within a cell. Selection views bodies. It favors some
bodies because they are stronger, better insulated, earlier in their
sexual maturation, fiercer in combat, or more beautiful to behold.
(1980, 76)

40. Replication and interaction
Although my discussion was not meant to be exhaustive, I believe it has been
sufficiently demonstrated that the units-of-selection debate cannot be resolved
empirically because it is to a large extent a conceptual or terminological
issue.13 Gene selectionists and organism selectionists are in fact not
disagreeing with each other: they refer to two different aspects of the same
evolutionary process. To my mind the debate is not even about parsimony or
13

For more details concerning the units-of-selection debate, see: G.C. Williams
1966. R. Dawkins 1982. R.N. Brandon & R.M. Burian (Eds.) 1984. R.N. Brandon
1990, pp. 78-133. W. Callebaut 1993, pp. 265-278. M. Ridley 1993, pp. 303-322.
E. Sober (Ed.) 1994, pp. 119-154. R.N. Brandon 1996, pp. 124-143.
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reductionism, since all participants agree that genes are the only entities
permanent and stable enough to get replicated and adjusted during long-term
evolution. As we have seen, it is in this (restricted) sense that the gene is the
unit of selection. But gene selectionists and organism selectionists also agree
that individual organisms and kinship groups are the only entities which
exhibit adaptations. Varying degrees of adaptedness will subsequently ensure
that some genes fare better than others. It is in this (alternative) sense that organisms and kinship groups are the units of selection. It is as if the contestants
are quibbling over the question which of the two possible images of the
Necker Cube is the correct one. They fail to see that both views are justified.14
Enter Hull. The renowned philosopher of biology David Hull (1988b,
401 ff.) points out that as long as the traditional organizational hierarchy
(ranging from genes via organisms to species) is taken as fundamental, then
selection will be found to wander erratically from level to level. As a consequence, explanations in terms of selection will be highly variable and contingent as well. Some biologists are willing to accept this consequence. Hull
would rather like to avoid it. Thus instead of taking the hierarchical organization of the living world as basic, Hull defines the entities that function
in the evolutionary process in terms of the process itself, without referring to
any particular level of organization. Entities that perform the same function in
the evolutionary process are treated as being the same, regardless of the level
of organization they happen to exhibit. According to Hull, the result will be
increased simplicity and coherence. Moreover, he believes that such an
analysis will be general and extensive enough to include other kinds of
selection processes (e.g., scientific evolution) as well.
Thus, in an effort to reduce conceptual confusion, Hull (o.e., 408-409)
suggests the following abstract definitions:
Replicator: an entity that passes on its structure largely intact in
successive replications.
Interactor. an entity that interacts as a cohesive whole with its environment in such a way that this interaction causes replication to be
differential.

14

Dawkins (1982, p. 1), to whom I owe the simile of the Necker Cube, does admit
that both views are justified, but he adds that 'the vision of life that I advocate [...]
is not provably more correct than the orthodox view. It is a different view and I
suspect that, at least in some respects, it provides a deeper understanding.'
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Next, by joining these two technical terms, selection can be characterized
succinctly as follows:
Selection: a process in which the differential extinction and
proliferation of interactors cause the differential perpetuation of the
relevant replicators.
So according to Hull, selection is the result of the interplay between two
processes: replication and interaction. Once more the units-of-selection
controversy resolves into two different questions, viz., what are the units of
replication, and what are the units of interaction? In order to function as a
replicator, an entity must have structure and be able to pass on this structure
in a sequence of replications. Less technically, a replicator has to produce
unaltered copies of itself and these copies in tum must be able to produce
additional copies, and so on. Equally important, some of the structure passed
on in replication must count as 'information'. The gene, of course, is a
paradigm example of a replicator (but not necessarily the only one). Genes are
entities which contain vital information about the world - this information was
assembled during evolution and will be transmitted to each new generation of
organisms (§ 9). Yet, as Gould rightly noticed, the problem of genes is that
they are not directly visible to natural selection, i.e., they cannot interact
directly with their physical and ecological environments. Replicators need
interactors as intermediaries. Hence, in the biological domain, organisms will
generally (but not exclusively) perform the role of interactors. It follows that
natural selection can only be understood in terms of the interplay between
replication and interaction. Differential fitness of individual organisms causes
the differential proliferation of their genes. The result is evolution by natural
selection.
In order to recognize the merits of Hull's analysis, a few remarks
should be made. First, note that his model manages to unify the ideas of gene
selectionists and organism selectionists which I outlined in the previous
section. Gene replication and organism selection are two compatible aspects of
the same evolutionary process. Neither aspect can be understood without the
other - they are complementary like the two faces of a coin. So instead of
searching for a single and unique unit of selection, which is definitely
unavailing, we should rather specify the unit of selection in terms of the
process itself without referring to the traditional hierarchy. At the same time
the name 'interactor' bypasses the undesirable connotations of Dawkins' term
'vehicle'. As Hull (o.e., 413) rightly argues, vehicles are commonly associated with the sort of things that agents ride around in. What is more, the
agents are in control - they steer and the vehicles simply follow. Thus the
picture Dawkins draws is that of indestructible genes controlling many
successive generations of helpless and hapless organisms. Yet, as we have
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seen, interactors (organisms) are equally important as replicators (genes) in
selection processes. Elliot Sober's well-known distinction between 'selection
of and 'selection for' probably comes much closer to Hull's intentions.
'Selection for' focuses on the cause of evolution (i.e., differential success of
interactors), whereas 'selection of picks out effects (i.e., replicators being
passed on differentially).15 Moreover, Like Hull, Sober believes that there is
no such thing as the unit of selection. In Sober's multilevel view, selection
may operate at different levels (even simultaneously), depending on the
specific biological context under consideration.
Secondly, note that Hull's definitions do not preclude one and the same
entity from being both an interactor and a replicator. For instance, it is likely
that the first living organisms on our planet were both interactors and
replicators. Yet, because replication and interaction are fundamentally different processes, the properties that facilitate these processes also tend to be
different. As a consequence, these distinct functions eventually were apportioned to different entities. Nowadays replication is largely confined to genes
and microscopic, asexually reproducing organisms (which simply clone
themselves by fission), but interaction is not necessarily confined to organisms. Interaction may occur at all levels of the organizational hierarchy,
from genes (which interact with their cellular surroundings) and cells, through
organs and organisms, up to and possibly including populations and species.
Yet the interaction that affects replication must occur at the same, or higher,
level at which replication takes place. Selection, accordingly, will also occur
at various levels, but all that counts is that the differential success of interactors results in the differential proliferation of replicators with which they are

15

Sober's (1984a; 1984b) favourite example of this distinction is a child's toy that
sorts balls according to size. He writes: 'My young son has a toy which takes all the
mystery out of this distinction. Plastic discs with circles cut out of them are stacked
with spaces in between in a closed cylinder. The top-most disc contains very big
holes, and the holes decrease in size as one moves down from disc to disc. At the
top of the cylinder are found balls of different sizes. A good shaking will distribute
the balls to their respective levels. The smallest balls end up arrayed at the bottom.
The next smallest balls settle at the next level up, and so on. It happens that the
balls of the same size also happen to have the same color. Shaking sends the black
balls to the bottom, the pink ones to the next level up, and so on. The whole
cylinder (plus paternally administered shaking) is a selection machine. The device
selects for small balls (these are the ones which pass to the bottom). It does not
select for black balls (even though these are the ones which pass to the bottom). But
when we ask after a shaking what was selected, it is equally correct to say that the
black balls were selected and that the small ones were. "Selection for" focuses on
causes; "selection of" picks out effects.' (1984a, pp. 50-51. Italics in original.)
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associated.16 Again, if we take the traditional hierarchy as basic, selection
will roam from level to level. So instead of concentrating on any particular
level of organization, we should rather analyze selection processes in terms of
the process itself. What is more, I will demonstrate that such an analysis is
sufficiently general to be applied to other domains as well. In particular, I
believe that Hull's analysis may elucidate several aspects of scientific change.
Let me expound his ideas about selection in the realm of science.

41. Science as a selection process
We have seen that although the gene may be considered the paradigm example
of a replicating entity, it is not true that replicators are confined to the narrow
context of biological evolution alone. Replicators may function in other
processes as well. All that is required to function as a replicator is the production of copies through which a particular structure (containing information)
survives intact. In § 12 I already demonstrated that ideas, theories, and
methodological procedures, etc., are perfect replicators as well. Like genes,
conceptual and epistemic replicators exhibit structure (containing information)
which may be passed on to future generations. Furthermore, we have seen
that, in general, the survival criteria for conceptual replicators are the same as
those for genes: longevity, fecundity and copying-fidelity. So for replicators to
be successful, they must be capable to persist through time, they must spread
through the community or population, and finally, they must not change too
much. What matters, of course, is that in either case information is preserved
intact and then transmitted to the next generation. Hull writes:
What functions as the replicators in science? The answer is not very
surprising: elements of the substantive content of science - beliefs
about the goals of science, proper ways to go about realizing these
goals, problems and their possible solutions, modes of representation,
accumulated data, and so on. (1988b, 434)
16

Some biologists have complained that earlier versions of Hull's (1980) definitions
mistakenly include genetic drift as a form of selection. Genetic drift are changes in
gene frequencies over generations, resulting from chance rather than selection. Yet
when the causal character of Hull's present definition of selection is noted, drift is
excluded. That is, if changes in replicator frequencies are not caused by the
interactions between the relevant interactors and their environments, then these
changes are not the result of selection. Genetic drift is differential replication in the
absence of interaction. There are replicators but no interactors. Hence there is no
selection. Cf. R.N. Brandon & R.M. Burian (Eds.) 1984. D. Hull 1988a; 1988b, p.
410.
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Conceptual replicators can be stored in books, journals, computers,
human brains, etc. These carriers are truly passive vehicles in Dawkins' sense.
Thus a scientist's brain may serve as a vehicle of conceptual replication, but
scientists themselves are more than just passive carriers. Scientists are also
interactors. Just as genes interact only indirectly with the world through an
organism, the replicators in science interact only indirectly with the world
through a scientist. Scientists notice problems, think up possible solutions, and
try to test them. Without scientists, no conceptual replicator could ever be
appraised. As in the biological realm, selection in science is the result of the
interplay between replication and interaction. The differential success of
interactors will cause some epistemic replicators to spread more rapidly than
others. As Hull puts it:
[C]oneeptual replication is a matter of ideas giving rise to ideas via
physical vehicles, some of which also function as interactors.
Replicators are generated, recombined, and tested by scientists
interacting with the natural world. (1988a, 141)
In previous Chapters I argued that selection process presuppose some
form of metaphysical realism. Thus, in the realm of science, the objective
world acts as an external constraint on hypothesis formation and theory
construction. The world allows some theories, but it also rejects some.
Sometimes the world is indifferent. Yet if the world plays a causal role,
however slightly, in the process of eliminating mistakes (and achieving
successes), then cumulative selection will gradually but indubitably result in an
increase of empirical knowledge about the objective world. That our ways of
acquiring knowledge are inevitably indirect does not threaten my claim.
Surely, it is true that we know the world only through the mediation of
language, concepts, and theories, etc. But this trivial fact should not encourage
us to adopt the constructivist attitude. After all, a population's gene pool also
interacts only indirectly with the environment through elaborate phenotypic
intermediaries, but this indirectness cannot prevent that the gene pool gradually accumulates vital information about the natural world. Similarly, scientists
may interact only indirectly with the world, but this indirectness is no obstacle
for the accumulation of empirical knowledge in any sense.
One important way in which scientists interact with the natural world is
through the mediation of well-designed experiments. A well-designed experiment requires a physical set-up with two special features. First, it must
interact causally with those parts of nature under investigation. Secondly, it
must have an observable output which allows scientists to compare the results
with other efforts. A well-designed experiment thus may serve as a first
indication about whether a particular hypothesis has more epistemic virtues
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than its rivals.17 Apart from conducting experiments, there is another strategy
which facilitates interaction with the natural world, viz., multiple determination. Multiple determination enhances the process of interaction because it
allows scientists to investigate a particular phenomenon from different points
of view. Thus when several alternative inquiries, each using different techniques and procedures, all lead to the same results, the phenomenon under study
becomes both epistemologically and ontologically more trustworthy. Differently put, multiple determination is the best way to detect invariancies in
nature. So multiple determination, or 'triangulation' as Goldman (1986, 149150) calls it, enables us to make a distinction between the robust properties of
the world and the various verification processes employed to get at them.
After all, any particular method might yield putative information partly
because of its own peculiarities, i.e., its biases or distortions. Triangulation
may correct such biases because it is unlikely that several independent
methods will all have the same distorting characteristics.18

42. The pursuit of conceptual inclusive fitness
We have seen that selection is the result of the interplay between two processes: replication and interaction. Scientists interact with the world by generating
hypotheses and doing experiments, etc., and their differential success causes
some ideas to replicate more rapidly than others. Yet another major cause of
scientific change is the social interaction between scientists. If a scientist wants
to proliferate his ideas, he has to do more than just generate new hypotheses.
In particular, he has to convince other scientists that his idea might solve a lot
of problems. If a scientist is unable to teach students or to get papers
published, his ideas will never proliferate, even if he makes a major discovery. Gregor Mendel is a case in point. In sum, a scientist must persuade
17

Cf. Ronald Giere 1990, p. 27.
As the philosopher and biologist William Wimsatt (1981, p. 133) explains:
'Increasing reliability [through multiple determination] is a fundamental principle of
organic design and reliability engineering generally. It works for theories as well as
it does for polyploidy, primary metabolism, predator avoidance, microprocessor
architecture, Apollo moon shots, test construction, and the structure of juries.'
Wimsatt (o.e., pp. 125-126) further argues that multiple determination, because of
its implications for increasing reliability, is a fundamental and universal feature of
sophisticated organic design and functional organization and can be expected
wherever selection processes are to be found. So the principle of multiple determination is not restricted to the epistemic realm. It can also be found in the
biological domain, for instance in animals employing different sensory modalities to
detect the same property or entity.
18
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other scientists to adopt his ideas. If he succeeds, his ideas will be transmitted
by teaching and apprenticeship, or by lecturing and publishing, etc. Hull
(1988b, 277 ff.) has analyzed these social aspects of selection in some
detail.19 I believe that his inquiry further strengthens the analogy between
biological and epistemic evolution.
Science, in Hull's view, is a matter of competitive cooperation. Both
characteristics are equally important. Cooperation is important because
scientists simply need the support of other scientists. Competition is important
because it gives science its necessary self-corrective element: claims made by
one research group will be thoroughly checked by rivalling groups. Thus, for
Hull, the objectivity of the scientific process, i.e., its self-corrective capacity,
does not depend upon unbiased scientists, but on scientist's having different
biases and rival career interests (once again an example of multiple determination). Yet despite all rivalry, most scientists cautiously obey the mores of
science, especially because it is in their own self-interest to do so.
According to Hull, even cooperation ultimately rests on selfishness.
More precisely, cooperation in science is the result of a process analogous to
kin selection in the biological realm. As we have seen in § 38, natural
selection may favour altruistic behaviour of animals provided that they direct
their altruism toward close relatives. Because relatives share (copies of) the
same genes, those genes that cause altruistic behaviour may survive and even
proliferate in the population's gene pool. Hamilton therefore argued that such
behaviour is phenotypically altruistic but genetically selfish. Animals always
try to maximize their inclusive fitness (i.e., they try to increase the survival of
copies of the genes they are carrying), either by reproducing themselves or by
increasing the fitness of their relatives.
Likewise, in the scientific community, cooperation and altruism also
closely correlate with the amount of benefit one receives. Thus a scientist may
try to proliferate his ideas all by himself, but he can also spread his ideas by
promoting the work of other colleagues, provided that they hold similar beliefs
or share collective goals, etc. That is, mese scientists have to be conceptual
kin. Collaboration, through a process analogous to kin selection, will be the
result. Cooperation is therefore no consequence of any moral considerations or
due to some disinterested participation in a higher goal (e.g., the quest for
truth), but simply the result of selfishness. One's self-interest is served best
when one cooperates with close conceptual kin. Nevertheless, the scientific
enterprise as a whole prospers as a result of this selfishness: science succeeds
in realizing its goals thanks to the intricate social structures it has evolved.
Hence fraud and plagiarism are punished because anyone who does so
parasitizes on the cooperative system. (Plagiarism is punished less severely

" See also: Hull 1988a, pp. 127-133. Hull 1989, Chapter 14.
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though, because it harms only the person whose work is stolen, whereas fraud
harms everyone who uses the mistaken results.) In Hull's view, the overall
success of science is built upon the tension between the greed of the individual
scientist for total credit and the scientist's fear that if he does not connect his
work with that of others, e.g., by positively citing the work of colleagues, his
own work will not find support.
In short, just as organisms in general behave in ways likely to increase
their own genetic inclusive fitness, scientists tend to behave in ways calculated
to increase their own conceptual inclusive fitness. Yet in neither case are the
participants necessarily aware of what they are doing. As Hull puts it:
The form of 'status' that matters in science is the credit that accrues
when one scientist makes use of another scientist's work, in particular, its incorporation in his or her own research, preferably with
an explicit citation. Increasing one's conceptual inclusive fitness in
science means increasing the number of replicates of one's
contributions in the work of successive generations of other scientists.
(1988b, 283)
Hull believes that once science is properly understood, it turns out that what is
good for the individual scientist is by and large good for science as a whole.
The best thing a scientist can do for science as a whole is to strive to increase
his own conceptual inclusive fitness. In science, as in some biological cases,
individual and group interests tend to coincide. Hull believes that, ultimately,
the same kind of forces responsible for biological evolution also act on the
development of scientific ideas. Biological as well as conceptual evolution are
essentially selection processes in which the differential proliferation of
replicators is caused by the differential success of the interactors with which
they are associated. In either realm, cooperation ultimately rests on selfishness: organisms as well as scientists generally behave in such a way as to
maximize their own inclusive fitness, whether genetic or conceptual. Organisms try to spread copies of their genes, whereas scientists try to spread
copies of their ideas. This striving may sometimes result in fierce competition,
but on other occasions it turns out that cooperation is a better strategy to fulfil
the participant's aims. Hull (1988a) closes his argument, somewhat modestly,
with the words:
The mechanism that I have sketched [...] may not seem like much of
a mechanism, hardly up to explaining the marvellous progress made
during the past few centuries by successive generations of scientists.
But when one thinks of it, natural selection is not much of a
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mechanism either, and yet it has produced all the fantastic adaptations
that organisms, both extinct and extant, exhibit. (1988a, 154.)20
Now I have surveyed the nature of selection processes in both the
biological and the epistemic realm, I am finally able to answer the objections
outlined in the beginning of this Chapter. Once more I will demonstrate that
critics of evolutionary epistemology are mistaken in suggesting that there is a
fundamental disanalogy between biological and scientific evolution.

43. Mode and tempo of evolution
Recall the objection put forward by Thagard (§ 37). Thagard argues that the
survival of theories is the result of satisfaction of global criteria, i.e., criteria
that apply over the whole range of science, whereas survival of genes is the
result of satisfaction of local criteria, i.e., criteria which are generated by a
particular environment. So, in Thagard's view, scientific communities are
unlike natural environments in their ability to apply general standards. Hence,
he says, there is progress in scientific evolution but not in biological
evolution. To my mind Thagard's critique can easily be countered because it
stems from a faulty understanding of biological evolution. In fact, I already
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Several authors have complained that Hull's analysis does not address any
traditional epistemological issues. Thus Paul Thagard (1992, p. 155) thinks that
Hull's model may be 'useful for characterizing the social side of science', but he
immediately adds that the biologically inspired analysis is inherently limited 'since it
cannot describe in any detail the process by which new concepts and hypotheses are
formed and evaluated.' Surprisingly, even authors which are generally sympathetic
to some form of evolutionary epistemology endorse this criticism. For instance, D.
Campbell & B. Palier (1989, p. 242) argue that in Hull's evolutionary account of
scientific development 'the epistemological agenda has been almost entirely lost.'
Campbell (1990, p. 13), in a similar vein, remarks that Hull's analysis is 'epistemologically vacuous'. See also: G. Munévar 1988, p. 210. K. Hahlweg 1988, p.
190. J. Dupré 1990. P. Munz 1993, pp. 217-218. E. Gatens-Robinson 1993. For a
reply, see: Hull 1982, p. 273-274. Hull 1988a, pp. 242-244. Hull 1988b, pp. 12-13.
Hull writes: 'I do not attempt to answer any traditional problems in epistemology. I
see no reason why everyone must do epistemology all the time. Instead I set out a
general analysis of selection processes that is equally applicable to biological, social,
and conceptual development. Selection processes have several features that are worth
pointing out, but one of them is not that they guarantee the generation of perfectly
adapted organisms or infallibly true statements. I am not interested in justifying
selection processes but in seeing how they work and why their products have the
characteristics they do.' (1988b, p. 13)
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dealt with the issue in previous Chapters where I argued that the robust
properties of the world have shaped the many and various phenotypic characteristics of organisms. Surprisingly, one frequently hears that adaptation is
only relative to a particular milieu and that in the case of an environmental
change all earlier adaptations will no longer be functional. In this view,
organisms seem to be forever chasing their fleeting environments.
In §§ 11 and 20 I demonstrated that this view is much too simplistic
and even downright misleading. Organisms not only interact with local,
temporary and to some extent contingent aspects of their environments like
climate, soil and food resources, etc., but also with global and invariant
aspects which are found in all earthly environments. One could think of the
properties of substances like air and water, seasonal changes and the earth's
gravity. So the fundamentals of the environment are the same for all organisms, whether bacteria, fungi, plants or animals. Together the global
aspects constitute the physical environment. All organisms are sufficiently
adapted to the robust properties and regularities of the physical world,
otherwise they would not be able to survive. So it should be kept in mind that
any given environment always comprises both local and global aspects. Or
better perhaps, we might say that in any given environment there always is a
large spectrum of selection criteria. At the one end of the spectrum one finds
highly specific criteria which only apply to that particular habitat, while at the
other end of the spectrum one finds robust or nomic criteria which apply to all
earthly environments. Recall the example of the polar bear in § 35. In the case
of a sudden climatological change, many of the animal's adaptive features may
no longer be functional, namely those which correspond with the local aspects
of the arctic environment. But several deeper entrenched adaptations may well
survive the climatological shift and hence may still be functional because they
reflect global aspects of the polar bear's habitat.
Similarly, I believe that also in the epistemic domain one will find a
variety of selection criteria ranging from local standards endorsed by a
particular discipline or research group to global standards endorsed by all
mature sciences. As an example of the former, consider a Kuhnian exemplar
(§ 34). Exemplars can be depicted as field-specific or local selection criteria
because they tell the scientists concerned to tentatively accept only those
potential solutions which closely resemble the canonical solution set by the
exemplar. I believe that local selection criteria can be found in any given
discipline or research group. What is more, such field-specific standards and
criteria mark the boundaries between the various sciences in the first place.
Of course, scientists belonging to any particular discipline will employ
both local and global criteria. Earlier I already listed several examples of
global, interdisciplinary, selection criteria such as explanatory and predictive
power, simplicity, empirical success, and last but not least, truth. Contrary to
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local criteria, global criteria can be found in all mature sciences. Moreover, I
believe that the analogy with biological evolution is evident. Consider the
resemblance between a profound environmental change in the biological realm
and a Kuhnian revolution in the epistemic sphere. In § 35 I argued that in the
case of a Kuhnian crisis many field-specific criteria may no longer be useful
because the epistemic setting has changed dramatically. Nevertheless, several
deeper entrenched criteria undoubtedly will survive the conceptual shift
because they simply reflect global or universal standards for doing respectable
science.
In short, I believe that Thagard is mistaken in suggesting that scientific
change involves satisfaction of global criteria whereas biological evolution
only involves satisfaction of local ones. In both the biological and the epistemic domain one will find a whole array of selection criteria, ranging from
local and to some extent ephemeral criteria at the one end of the spectrum to
global and invariant ones at the other end. Thagard's objection therefore poses
no threat to evolutionary epistemology. What really matters in all cumulative
selection processes is that replication (whether genetic or conceptual) is biased
by entities (whether organisms or scientists) interacting with their respective
environments in varying degrees of success. In either realm, interaction plus
replication will result in a steady increase of information about local as well as
global aspects of the world.
Next, recall the objection of Amundson. Amundson suggests that
purposive and intelligent elements make scientific evolution a much faster
process than biological evolution. After all, it seems evident that our science
and technology evolve more rapidly than biological species do. For instance,
one could rightly say that Homo sapiens has not changed much during the last
200.000 years or so, whereas in only one century we have witnessed the
progression from the Wright brothers to Concorde and the Space Shuttle. Yet
one should be cautious not to overstate such claims. Homo sapiens is not the
measure of all things. We tend to forget that there are also organisms which
exhibit much faster rates of evolutionary change. Vertebrates, and indeed all
the higher eukaryotes, are very slow-breeding organisms compared with the
replication rates of micro-organisms like bacteria and viruses. Several new
strains of a virus can easily develop in the space of a single vertebrate
generation. Remember, that is the reason why vertebrates evolved an immune
system that can react as quickly as viruses can replicate (§ 23). So generation
times (the time it takes for an organism to mature and produce its own
offspring) and rates of evolutionary change are highly variable in the
biological domain. But evolutionary changes are variable in the epistemic
realm as well. Not all scientific fields change equally fast - some disciplines
report one breakthrough after another, whereas others seem to have stagnated.
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So the relative speed of both kinds of evolution does not constitute a
discrepancy since rates of evolutionary change are variable in either domain.
44. The unity of selection processes
However, Elster's critique cannot be dismissed that easily. Recall that Elster
(1979) argues that intentional selection employed by human agents must be
viewed as a globally maximizing process whereas natural selection is merely a
locally maximizing one. Natural selection, being a blind and unintentional
process, is not influenced by any deliberate strategy. Natural selection
mechanically ascends the slopes of Wright's fitness landscape until every
possible direction leads downwards only. Hence in most cases natural selection
will strand on a local peak from which there is no retreat. Natural selection
has no eye to the future. Intentional adaptation, by contrast, is able to bypass a
local maximum by making investments or by using indirect strategies, for
instance by taking one step back in order to take two steps forward. Intentional actors thus can discard the immediate gain by waiting for a more
favourable one later on - they can look beyond the nearest hill. Elster further
believes that this particular discrepancy poses an unbridgeable gap between the
social and the biological sciences:
[I]n spite of certain superficial analogies between the social and the
biological sciences, there are fundamental differences that make it
unlikely that either can have much to learn from the other. The
difference, essentially, lies in the distinction between the intentional
explanations used in the social sciences and the functionalist
explanations that are specific to biology. (1979, 1. Italics in original.)
I believe that Elster's distinction is not as neat as he professes. As Hull
(1988b, 470-471) points out, Elster's classification has some peculiar consequences.21 For instance, in Elster's view, artificial selection should be ranked
under the social sciences because the sort of selection practised by plant and
animal breeders is intentional, even though the traits being selected are
biological and the mode of transmission genetic. Yet, in contemporary text
books, artificial selection is treated as a special case of natural selection, intentionality notwithstanding. So even though plant and animal breeders are
engaged in intentional practices, their science rather belongs among the
natural, not the social, sciences. Even more peculiar, if we would accept
Elster's classification we must say that the main argument in The Origin of
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See also: Hull 1982, p. 312 ff. Hull 1988a, pp. 145-146.
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Species is fallacious because Darwin reasoned analogously from artificial
selection to natural selection.
A better way of classifying selection processes, therefore, is first to
identify the character of the replicators involved, and only then focus on the
additional feature of intentionality. In the present Chapter, I have discussed
two kinds of selection processes, namely those that are gene-based and those
that are the result of conceptual replication or imitation (i.e., they are memebased in Dawkins' vocabulary). According to this classification, artificial and
natural selection are similar phenomena because the relevant replicators are
genes, even though artificial selection involves intentional agents. On this
same classification, selective retention of hypotheses in natural science and
selective retention of rudimentary tools and techniques by animals (such as
chimpanzees and macaques) are the same sort of phenomenon because the
relevant replicators are transmitted by language or imitation rather than by
genes. To be sure, Elster does not deny that some animals are capable of
globally maximizing behaviour to some limited extent. For instance, he
mentions the illustrious case of 'Imo the monkey genius' who, when given a
mixture of sand and wheat, invented the indirect strategy of first throwing the
mixture on the water (one step backwards) and then retrieving the lighter
wheat grains (two steps forwards).22 Yet Elster believes that the characteristic
feature of man is not merely an ability to use indirect strategies or adopt
waiting behaviour in specific situations, but rather a generalized capacity for
global maximization that applies even to qualitatively new situations. This leap
implies a transition from non-intentional adaptation (be it local or accidentally
global) to intentional and deliberate adaptation. According to Elster (o.e., 16)
we may therefore say that in creating man, natural selection has transcended
22

Cf. J. Elster 1979, pp. 15-16. E.O. Wilson 1975, p. 171. An equally famous
example of intentional problem-solving and tool using among primates is the nutcracking ability of wild chimpanzees. This demanding technique involves finding a
properly sized stone or hardwood club to be used as 'hammer', choosing a wellshaped tree root as an 'anvil', and positioning each nut on the anvil - keeping in
mind that nuts from different species must be positioned differently. The hammer
must then be gripped in its most effective position, swung with the proper force, and
aimed so that it hits the nut to extract the maximum amount of nutmeat. Although
young chimpanzees generally learn this technique from their mothers by imitation, it
has also been documented that mothers actively intervened in their offspring's
unsuccessful nut-cracking attempts by taking the hammer, positioning the nut, and
demonstrating the proper technique by teaching. Cf. M.W. Strickberger 1996, p.
468. Another classic example cited frequently in primatology is the spread of
'potato-washing' among a population of Japanese macaques (Macaca fuscata). This
trick, involving washing sand of potatoes, was discovered by one individual, and
then spread by imitation through the entire population. Cf. R. Foley 1987, p. 67.
159

Chapter 5
itself. With the arrival of the generalized capacity for global maximization,
mind finally enters the evolutionary arena.
I totally agree with Elster that there is a difference between natural
selection and intentional selection found in man. However, the question is
whether this contrast constitutes a difference in kind or a difference in degree.
For instance, earlier I argued that Elster is much too optimistic about the
alleged globally maximizing capacities of scientists (§ 31). Indeed, Elster
(o.e., 11) believes that scientists can 'actively seek out the new kind of
invention that is needed.' Here I disagree. The fact that one actively and
deliberately seeks a solution to a problem does not automatically entail that
one will find that solution. Otherwise we already would have discovered a
cure for fatal diseases a long time ago. Goal-directed research is neither a
necessary (remember the lucky guess) nor a sufficient condition for success. I
do not deny that there is a clear teleological component in science, but I
believe that this apparent goal-directedness will not save us from a genuine
trial & error pursuit. Elster, like Thagard and other critics of evolutionary
epistemology, suggests that modern science is the result of a well-organized
and guided enterprise where in fact it is the result of a wasteful randomvariation-and-selective-retention process. The image of a guided process
emerges only in retrospect when we contemplate the theories and procedures
that have survived to the present day. We tend to forget that for every
successful idea there always is an abundance of erroneous ideas which were
abandoned and subsequently forgotten altogether. Scientists are remembered
only if they are successful or if they are wrong in important ways. Yet success
(as well as mistakes) cannot be predicted in advance. Despite all intentional
exercises, scientific evolution is no more foresighted than biological evolution.
As Hull expounds:
Science as a process looks so directional because of the retrospective
bias we bring to it. It can be made to look globally maximizing by
careful editing. Most research fails or leads nowhere. Of the research
that finds its way into print, most has no appreciable effect. Once we
weed out all the failures and false steps, science looks very efficient,
goal-directed, and globally maximizing. However, if we expand our
perspective to include all of science and not just the rare successes, it
takes on quite a different appearance. Scientists share a general goal,
but most of their specific goals turn out to be illusory. (1988b, 474.
Italics in original.)
So the increased role of intentionality perhaps makes science somewhat more
efficient than biological evolution. But just barely. By looking at successful
theories in retrospect one may gain the impression that they were indeed
premeditated while in fact they are the outcome of an arduous winnowing
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process. Again, we must not forget that all instances of design are due, not to
some special foresight, but to the hindsight of a selective system. The
predicament of fallibilism implies that we never know in advance whether a
particular knowledge claim will hold promises for the future. Apart from the
occasional lucky guess, our knowledge proceeds by random variation and
selective retention rather than by some mysterious prescience.
A second reason why natural selection and intentional selection only
differ in degree is that they can overlap and supplement each other. Selection
processes appear in various guises; some are altogether intentional whereas
others are entirely natural; and some are strictly gene-based whereas others
rely exclusively on conceptual replication. Yet the boundaries between these
various processes are extremely vague. Hence there are intermediate cases in
which natural and intentional aspects are inextricably intermingled. Our
attempts to preserve endangered species by establishing wildlife sanctuaries or
extensive breeding programmes is an example. Artificial selection, as we have
seen, is also a hybrid case since it involves gene-based transmission and
intentional agents. All conscious attempts to lend Mother Nature a helping
hand are such hybrid cases. An additional aspect, of course, is that consciousness is not solely a human affair. It is highly implausible that consciousness
and purposive decision-making only appeared with the arrival of Homo
sapiens. There are many other sentient creatures (including those in our own
past evolutionary phylogeny) to which conscious problem-solving may be
attributed. Imo the monkey genius is a case in point. In short, I fail to see
why the presence of intentional behaviour would make human endeavours, like
science, unique in any sense. Science is as purposive an activity as can be
imagined, but this does not mean that it cannot be analyzed in terms of
selection processes.
A third and final reason why the difference between natural selection
and intentional selection is only gradual is that biological evolution may well
be able to bypass local maxima. For instance, Sewall Wright himself argued
that natural selection in combination with random genetic drift might play a
particularly creative role in evolution. Drift (i.e., random changes in a
population's gene content not caused by natural selection) will enable the
population's gene pool to 'explore' around their present position. The
population could, by drift, move from a local peak to explore the valleys of
the fitness landscape. Once it had ventured to the foot of another hill, natural
selection could start climbing uphill on the other side. Wright believed that if
this process of drift and selection were repeated over and over again, a
population would be more likely to reach the global peak than if it was under
the exclusive control of the locally maximizing process of natural selection.
He also supposed that populations would be subdivided into many small local
populations called demes. Drift and selection would then operate on each sub161
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population and the large number of subpopulations would multiply the chance
that one of them would find the global peak. Moreover, if the members of a
subpopulation at the highest peak were better adapted, they could produce
more offspring and send more emigrants to the other subpopulations. Thus the
whole species would evolve to a higher peak.23 Genetic drift is most often
considered as an obstacle for optimal design in biological evolution (see for
instance Stephen Stich 1990, 64). Yet Wright's suggestion shows that, in the
end, drift might well contribute to optimal design. In any case, there is at least
theoretical evidence that biological evolution does not necessarily get stuck on
a local maximum. Natural selection combined with random drift and other
factors perhaps make biological evolution ultimately more efficient and
progressive than most contemporary theorists are willing to admit. I will
return to this issue in Chapter 7.
I believe that I have demonstrated that biological and epistemic
evolution are sufficiently related to be analyzed in terms of selection processes. Critics of evolutionary epistemology are mistaken in suggesting that the
alleged parallels are misleading. Elster's claim that there is a fundamental
difference between natural and intentional problem-solving is surely too harsh.
I believe that there merely is a difference in degree and not a difference in
kind between these processes. In particular, to my mind the development of
science is much less optimizing and biological evolution much more optimizing than is commonly believed. Science appears to be a highly efficient
and guided process only by careful editing. Despite all purposive elements,
science as a process may well be as wasteful as biological evolution. Hence in
both domains increased fit is the result of selection after the fact. As Popper
rightly noticed, science, like biological evolution, proceeds by indirect
selection rather than direct instruction. The supposed increased role of
intentional problem-solving in the epistemic sphere should therefore not be
exaggerated.
As we have seen in § 36, Nicholas Rescher (1990) - like Hull - rightly
argued that the alleged dissimilarities between natural selection and selection
in science are not as profound as they seem. According to Rescher, selection
in science is fundamentally the same sort of process as natural selection,
although their actual workings obviously differ. So Rescher is fully aware of
the inevitable differences between the two processes, but unlike the aforementioned critics, he does not believe that the analogy breaks down. It is true that
rational selection can operate only with respect to beings endowed with intelligence and deliberate purposes. But as we have seen, this additional element
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Cf. M. Ridley 1993, pp. 205-208. For a critical comment, see: M. Ruse 1996,
pp. 367-384.
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in epistemic evolution constitutes at most a difference in degree, not a difference in kind. As Rescher puts it:
There is every reason to think that the cognitive methods and information-engendering procedures that we deploy in forming our view of
reality evolve selectively by an historic, evolutionary process of trial
and error - analogous in role to though different in character from the
biological mutations affecting the bodily mechanisms by which we
comport ourselves in the physical world. (1990, 41-42)
In sum, I conclude that the second essential ingredient of evolution is present
in science. Remember, for Darwinian evolution to occur, three conditions
have to be met. Wherever you find random variation, cumulative selection,
and transmission of variants, you will find Darwinian evolution. In the next
Chapter, I address the third, and final, element of VST-algorithms: transmission.

Summary
Critics of evolutionary epistemology assert that the analogy with respect to
selection breaks down because selection in science is purposive and intentional
whereas natural selection is neither purposeful nor wise but overtly blind and
opportunistic. In trying to rebut this critique, I have first analyzed the nature
of selection processes both in the biological and the epistemic realm. Thus my
discussion of the units-of-selection controversy showed that it is wrong to look
for a single entity which functions as the unit of selection in the biological
domain. Both genes and individual organisms are relevant in the evolutionary
process. Genes are important because they are the only entities stable enough
to get replicated and adjusted during long-term evolution. Organisms are
equally important because it is for their benefit that adaptations exist. Natural
selection simply cannot see genes and pick among them directly - it uses
individual organisms as mediators. So instead of looking for the unit of
selection, one should rather identify the general features of selection processes
as such, without referring to any particular level of organization. Hull
demonstrates that selection must be viewed as the result of the interplay
between two processes: replication and interaction. Selection may accordingly
be defined as: a process in which the differential proliferation of replicators is
caused by the differential success of the interactors with which they are
associated.
A further merit of Hull's definition is that it is sufficiently general to
apply to other sorts of selection processes as well. As in the case of biological
evolution, selection in the epistemic sphere is the result of the interplay
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between replication and interaction. Conceptual replicators (e.g., hypotheses,
procedures, etc.) are generated, recombined, and tested by scientists interacting with the natural world. As a consequence, the differential success of
scientists will cause some replicators to proliferate more rapidly than others.
Scientists interact with the world through the mediation of well-designed
experiments and by applying the principle of multiple determination. Multiple
determination (or triangulation) enhances interaction because it allows scientists to investigate a particular phenomenon from different points of view.
Apart from interaction with the world there is also interaction between
scientists. From this social point of view, science is a matter of competitive
cooperation. Both characteristics are equally important. Cooperation is
important because scientists simply need the support of other scientists. Competition is important because it gives science its necessary self-corrective
element: claims made by one research group will be thoroughly checked by
rivalling groups. Hull argues that scientists generally act in selfish ways to
maximize their own conceptual inclusive fitness. Scientists cooperate because
it is in their own self-interest to do so. As in the biological realm, the degree
of cooperation closely correlates with the degree of benefit that one receives.
Thus a scientist can proliferate his ideas by promoting the work of other
colleagues, provided that they hold similar beliefs or share collective goals,
etc. That is, these scientists have to be conceptual kin. Collaboration, through
a process analogous to kin selection, will be the result.
Thagard objects that survival of theories is the result of satisfaction of
global criteria whereas survival of genes is the result of satisfaction of local
criteria, generated by a particular environment. According to Thagard,
scientific communities are unlike natural environments in their ability to apply
general standards. This objection stems from a poor understanding of selection
processes. In both the biological and the epistemic domain one will find a
whole array of selection criteria, ranging from local and to some extent
ephemeral criteria at the one end of the spectrum to global and invariant ones
at the other end. Amundson's objection that the presence of intelligence makes
scientific evolution a much faster process than biological evolution, does not
take into account the fact that rates of evolutionary change are highly variable
in either domain. Compared with the replication rates of viruses, most
scientific changes will be sluggish. Finally, Elster's argument that natural
selection is a locally maximizing process whereas intentional selection is a
globally maximizing one, can be countered by arguing that there is no difference in kind between these processes but only a difference in degree. Elster
is much too optimistic about the supposed globally maximizing capacities of
scientists. Science appears to be an efficient and guided enterprise only in
retrospect. By focusing on the rare successes, one tends to forget the many
mistakes. At the same time Elster underestimates the inventiveness of
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biological evolution. Natural selection in combination with genetic drift may
lead a population from a local peak to a neighbouring, higher, one. So science
is less optimizing and biological evolution more optimizing than is commonly
believed.
Rescher is right in believing that there is a deep kinship between
biological and scientific evolution, even though the latter process has a clear
teleological component. Natural as well as rational selection results in greater
efficiency and effectiveness in niche-attunement. So the fact that our epistemic
pursuits are rational and goal-directed does not imply that scientific change
cannot be analyzed in terms of selection processes. The analogy can therefore
be sustained.
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The Essence of Evolution:
The Analogy with Respect to Transmission

45. The case against: the anomaly of conceptual inheritance
We have seen that although our world - and the universe at large - are in
constant flux, there are only a few transformations that count as truly Darwinian. So not all changes can be treated equally. For genuine Darwinian
algorithms to occur, variation, selection, and transmission must all be present.
Taken together these three elements are both necessary and sufficient for the
presence of cumulative and creative evolution. Hence if one or two ingredients
of the Darwinian recipe are missing, no evolution in any interesting sense will
occur. In the previous Chapter I gave the example of the solar system (§ 36).
Changes in the solar system do not count as truly evolutionary because one
essential ingredient for the presence of Darwinian evolution is missing, viz.,
transmission. To complicate matters, it should be noted that transmission - as I
intend to use the term - is more than mere reproduction or replication. That is,
for authentic Darwinian algorithms to emerge a special kind of transmission is
needed: it must be hereditary in character.
Let me explicate the difference between transmission with and without
heredity. Dawkins (1996, 78-79) gives the illuminating example of a spreading
bush fire. Imagine a tinder-dry grassland stretching for mile after mile in
every direction. Suppose that a careless smoker drops a lighted match on a
particular spot and that the grass flares up into a racing fire. In what ways
would the fire spread? It is unlikely that the fire would just steadily expand
from the original starting point. After all, it will also send sparks up into the
air which may be carried by the wind far away from the original fire. When a
spark eventually comes down, it might start a new fire somewhere else on the
parched prairie. This new fire, in turn, may also send off sparks, a few of
which could cause yet more new fires on the grassland, etc. One could say
that the fires are indulging in a form of reproduction. Each new fire has one
parent fire, one grandparent fire, one great-grandparent fire, and so on back to
the ancestral fire which was started by our careless smoker. So if you watched
the whole process from above and were able to record the history of each
flare-up, you could in principle draw out a complete family tree of the fires on
the prairie.
Yet the point is that, although there is some crude form of reproduction, there is no true heredity among the fires. Bush fires do not add up - they
exhibit no cumulative transferrable features. For there to be true heredity,
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each fire would have to resemble its parent more than it resembled the other
fires in general. In theory a particular fire could resemble its parent fire in a
number of ways, for instance smoke colour, flame size, etc. But in fact fires
do not resemble their parents any more than they resemble any other fire
dotted around the scorched prairie. An individual fire gets its characteristic
qualities not from its parent, but from its surroundings, i.e., the kind of grass
that happens to be growing where the spark lands, the dryness of the grass,
the speed and direction of the wind, and so on. In short, in order for there to
be genuine heredity, each spark would have to carry with it some characteristic quality of its parent fire. Only then would it be possible to distinguish
separate evolutionary branches, each comprising successive generations of
closely related bush fires.
Many critics of evolutionary epistemology believe that it is inappropriate to speak about the 'evolution' of knowledge and science precisely
because, like in the case of bush fires, transmission in the epistemic sphere is
not truly hereditary. According to these critics it is only in the biological
realm that we find proper reproduction mechanisms which are able to generate
causal descent relations. In the biological domain the mechanisms responsible
for the appearance of true evolutionary family trees are sexual reproduction
and genetic transmission. Without the heritability of genes (and their corresponding phenotypic traits) Darwinian evolution would not work. As we
have seen in the previous Chapter, natural selection can operate only if genes
are preserved over the generations (§ 39). Hence, for Darwinian evolution to
occur, inheritance has to be hard Mendelian and atomistic, otherwise particular genes would soon blend away in the population's gene pool. Adaptation, by consequence, would be impossible. Needless to say that molecular
genetics is one of the cornerstones of the Modem Synthesis.
So opponents of evolutionary epistemology assert that true inheritance is
typical of biological evolution only. It would therefore be wrong to look for its
analogue in the epistemic sphere. For even if it were granted that some crude
reproduction process takes place in the realm of science, we would still face
the discrepancy between the different modes of transmission: genetic
replication is hereditary whereas conceptual replication is not. Apparently the
propagation of epistemic variants looks more like the spread of bush fires than
the spread of genes. As Carla Kary (1982) points out:
[T]he way in which concepts are 'inherited' is very unlike the way in
which genes are inherited. Genes replicate themselves, but concepts
must be 'replicated' by human beings. Organisms contain the causal
mechanism of inheritance, concepts do not. (1982, 364)
Likewise, Thagard (1988, 109-110) remarks that a beneficial gene is replicated
only in specific members of a population, while a successful theory is im167
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mediately distributed to all members of a scientific community. According to
Thagard, preservation of epistemic variants is ensured 'by publication and
pedagogy, not by any process resembling inheritance.' Thagard concludes that
the non-genetic character of conceptual transmission is yet another reason not
to import biological concepts into epistemology. The growth of knowledge is
simply fundamentally different from the evolution of species.
A further objection frequently raised against selectionist accounts of
scientific and cultural change is that the growth of knowledge is Lamarckian
rather than Darwinian. Since Lamarckian and Darwinian evolution differ
significantly (see § § 5 and 23), it follows that scientific change cannot be
understood in terms borrowed from evolutionary biology. Evolution in the
biological realm is governed by Darwinian principles, whereas evolution in the
epistemic realm is governed by Lamarckian principles. The difference thus
invalidates any attempt to provide a general analysis that applies equally to
both sorts of change. As Gould (1996) puts it:
[CJultural change [...] is Lamarckian in basic mechanism. Any
cultural knowledge acquired in one generation can be directly passed
to the next by what we call, in a most noble word, education. If I
invent the first wheel, my brainchild is not condemned to oblivion by
hereditary impassability (as any purely bodily improvement would be).
I just teach my children, my apprentices, my social group, how to
make more wheels. The point is so simple, yet so profound. Reading,
writing, filming, teaching, practicing, apprenticing, learning - all the
distinctly human activities that pass knowledge between generations act as the Lamarckian boosters of our cultural history. This uniquely
and distinctively Lamarckian style of human cultural inheritance gives
our technological history a directional and cumulative character that
no natural Darwinian evolution can possess. (1996, 222)
Hence Gould (1991, 65) believes that the basic topologies of biological and
cultural-scientific change are completely different. In particular, the topology
of biological evolution seems much more surveyable than the one of epistemic
evolution. Biological evolution is a process of constant divergence without
subsequent joining of branches. Branches, once distinct, are separate forever.
In human history, by contrast, transmission across evolutionary branches
seems to be the major source of cultural and scientific innovation. So in the
development of technology and science we encounter the additional
phenomenon of cross-lineage borrowing. As a consequence, epistemic family
trees will be fuzzy and will often coalesce - ideas and theories can be
transmitted criss-cross among members belonging to different groups.
Once more the difficult task is to re-establish the analogy under consideration. Is transmission in the epistemic sphere really fundamentally
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different from transmission in the biological realm? If the aforementioned
critics are right, we must admit that evolutionary epistemology is in trouble
because scientific change is not truly Darwinian. Yet in the present Chapter I
will argue that, although the transmission of ideas may not necessarily exhibit
a genuine Mendelian pattern, we can still discern real causal descent relations
in the history of science. These descent relations become apparent if we adopt
a genealogical approach to scientific change. I demonstrate that genealogical
branches are as common to scientific evolution as they are to biological
evolution. Next I show that the phenomenon of cross-lineage borrowing and
the alleged Lamarckian character of scientific change pose no threat to
evolutionary epistemology. I argue that cross-lineage borrowing is not only a
characteristic of scientific evolution but of biological evolution as well. So
there is no disanalogy in this respect. Likewise, philosophers and biologists
who maintain that cultural-scientific evolution is Lamarckian are mistaken. I
show that this claim merely amounts to confusion. Unlike biological evolution,
scientific evolution is intentional, but I believe that it is inappropriate to say
that it is Lamarckian, either in a literal or in a metaphorical sense. I address
these and other related issues extensively in the following sections. My inquiry
starts with a discussion of a prominent advocate of evolutionary epistemology,
viz., Stephen Toulmin. Elaborating on his ideas, I show that the various
discrepancies outlined above can be resolved. What is more, by exploring the
analogy, we will encounter several interesting features of epistemic change
which traditional philosophers of science have failed to notice.

46. Stephen Toulmin revisited
Among the philosophers who first paid attention to the many evolutionary
aspects of scientific change, Stephen Toulmin is of special importance. In
particular, to my mind Toulmin's (1972) classic Human Understanding is the
earliest evolutionary account of scientific change which explicitly focused on
the issues which are relevant to the present discussion, viz., evolutionary
ancestry and descent with modification. Toulmin's analysis clearly reveals that
the development of science is governed by the same genealogical principles
that characterize biological evolution. In a nutshell, Toulmin shows that
scientific disciplines, like biological species, must be viewed as dynamic
populations which may change substantively in time without losing their
identity, continuity, and coherence. My motivation for discussing Toulmin has
two further reasons. First, rather surprisingly, Toulmin's work has been
ignored or overlooked by many philosophers of science and evolutionary
epistemologists alike. This negligence is totally inappropriate for, secondly, I
think that Toulmin's work contains useful insights for any future philosophy of
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science. As I mentioned earlier, Toulmin (together with Popper and Campbell)
may be considered a founder of evolutionary epistemology (§ 12). Hence any
comprehensive survey of evolutionary accounts of scientific change would be
radically incomplete without a discussion of Toulmin's pioneering work.
In retrospect Toulmin's naturalism was particularly innovating because,
unlike the other major philosophical analyses at the time (notably Kuhn's), it
was able to handle the problem of continuity-through-change. Traditionally
philosophers of science tried to understand scientific and conceptual change in
terms of one general theoretical framework (or 'paradigm') superseding
another one. Since these general frameworks were viewed as self-contained or
enclosed systems, their succession and transformation inevitably would involve
logical or rational discontinuities accountable only in terms of 'conceptual
ruptures' or 'scientific revolutions', etc. Thus by emphasizing the
revolutionary nature of conceptual transformations, philosophers of science
tended to disregard the apparent continuity underlying these changes. One of
the main virtues of Toulmin's genealogical approach is that conceptual systems
are treated, not as autonomous or self-contained bodies of knowledge which
are accepted or rejected as a whole, but rather as historical entities or
populations which gradually transform without losing their individuality.1 So
instead of trying to catch any essential, everlasting features of a particular
research programme or conceptual system, one has to focus on genealogical
relations of descent. Continuity and identity can be found only when we
endorse such an evolutionary or 'phylogenetic' account of scientific change.
Despite the profound changes that conceptual systems and scientific disciplines
may undergo, their individuality and rational coherence is preserved by
genealogical links. In sum, I believe that Toulmin's evolutionary epistemology
gives us the proper tools to explore and understand several aspects of scientific
change hitherto overlooked.
Although Toulmin's evolutionary philosophy of science is particularly
associated with his Human Understanding (1972)2, he anticipated the findings
1

As W.V. Quine (1953) has pointed out, during these transformations even
profound mathematical and logical truths may be abandoned. As a consequence, in a
post-positivistic, holistic view, no theoretical claim can be regarded sacrosanct.
Quine (o.e., p. 43) expounds: '[N]o statement is immune to revision. Revision even
of the logical law of the excluded middle has been proposed as a means of
simplifying quantum mechanics; and what difference is there in principle between
such a shift and the shift whereby Kepler superseded Ptolemy, or Einstein Newton,
or Darwin Aristotle?'
2
Toulmin's (1972) Human understanding was originally announced as the first
volume of an epistemological trilogy. Yet, for some reason, the other two volumes
have never been published (or possibly even written?). K. Hahlweg & C.A. Hooker
(1989, p. 40) suggest that Toulmin's project was perhaps too ambitious: 'The other
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of this seminal book in a series of papers published several years earlier.
Toulmin (1967), for instance, already takes the evolutionary perspective quite
seriously:
In talking about the development of natural science as 'evolutionary',
I have not been employing a mere façon de parler, or analogy or
metaphor. The idea that the historical changes by which scientific
thought develops frequently follow an 'evolutionary' pattern needs to
be taken quite seriously; and the implications of such a pattern of
change can be not merely suggestive, but explanatory. (1967, 470)
Human Understanding must be seen as an extensive elaboration of Toulmin's
earlier work in this field. Although this book has many facets, its main topic
is the evolutionary continuity of conceptual and scientific development.

two books never appeared, and one may wonder whether the very scope of the
Toulminian project has made its completion impossible.' I think that there is a more
obvious reason why Toulmin did not complete his trilogy, namely the fierce
criticism the first volume provoked. L.J. Cohen (1973, p. 49), for instance, argued
that Toulmin's alleged 'evolutionary' account of scientific change 'is nothing but
metaphor and the light it sheds is rather a dim one.' Critics were especially enraged
by Toulmin's (o.e., pp. 337-338) claim that variation and selection are coupled in
science, but that this typical feature does not necessarily jeopardize the evolutionary
analogy. Toulmin argues that whereas variation and selection are decoupled in
biological evolution, in science the novel variants generally are biased or directed
toward certain pressures or needs. Put differently, hypotheses are generated with an
eye to the problems they are supposed to solve. Hence biological variation is blind
(uncoupled), but epistemic variation is guided (coupled). Yet the question is whether
such a guided process still counts as Darwinian. Most critics argued that it did not.
Toulmin had stretched the analogy too far. Cohen (o.e., p. 49) venomously commented: 'Toulmin's claim to be using the term "evolutionary" in the precise and
strict neo-Darwinian sense seems hardly more accurate than the claim of some
cultural relativists to be generalizing from relativity physics.' I admit that Toulmin's
phrasing is rather ill-chosen. To my mind, what Toulmin actually meant to say is
that epistemic variants are generated intentionally, whereas biological variants are
not. Epistemic variants are guided in the sense that they are consciously designed.
Yet the fact that variants in science are generated deliberately does not make them
automatically true or trustworthy. Hence they are still blind in the sense that we can
never know in advance which particular epistemic variants will be successful. In
both the scientific and the biological realm, increased fit is the result of subsequent
selection processes. For more critical comments on Toulmin's Human Understanding, see: P. Thagard 1980, p. 190. M. Ruse, 1986, pp. 45-58. L.J. Cohen 1986,
p. 125. P. Thagard 1988, p. 106. For a defence, see: M. Bradie 1986, pp. 428-430.
D. Hull 1988b, pp. 455-456.
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Toulmin (1972, vii) argues that in traditional philosophy of science 'a preoc
cupation with logical systematicity has been destructive of both historical
understanding and rational criticism.' By contrast, Toulmin holds that
rationality in science is demonstrated, not by ordering concepts, beliefs and
propositions in tidy formal structures, but by responding to novel situations
and by acknowledging the shortcomings of earlier procedures. Questions of
rationality are thus concerned with the procedures governing the evolution of
intellectual enterprises. Toulmin writes:
[E]very aspect of Nature is considered today as historically
developing, or 'evolving'. If a theory of human understanding is to
follow the rest of twentieth-century science and history, then, it must
be based not on unchanging principles and guarantees, but on the
developing interactions between Man, his concepts, and the world in
which he lives. (1972, 21)
The primary aim of Toulmin's ambitious project is 'to substitute a new
epistemic self-portrait for the old' and thereby 'to reopen forgotten intellectual
options.'3 One of the central and leading questions of Human Understanding
can accordingly be stated as follows: 'Through what socio-historical processes,
and intellectual procedures, do conceptual systems change and develop in their
transmission from each generation to the next?'4
As Toulmin himself recognizes, his disapproval of the traditional epis
temologica! framework - the 'cult of systematicity' - is not without danger,
since the alleged absence of fixed and immutable principles of human
understanding immediately brings back the threat of relativism. For it seems
obvious that without such fixed and everlasting principles, the intellectual
arguments and positions from different historical and cultural contexts can no
longer be rationally appraised. Yet Toulmin proclaims that his novel analysis
can avert this danger. A detailed investigation of the procedures and strategies
actually employed by scientists must bring sufficient evidence to warrant a
safe middle course between the Scylla of absolutism and the Charybdis of
relativism. When it is sufficiently clear how concepts and conceptual systems
actually change and how they are transmitted from one generation of scientists
to the next, we will also be able to formulate an alternative epistemologica!
position. This novel stance will reject altogether the false dilemma between the
two extreme positions in 20th century philosophy of science.
In brief, whereas the absolutist and the foundationalist (although
Toulmin never employs this latter term) want to formulate objective and

3
4

Cf. Toulmin o.e., p. 24.
Cf. Toulmin o.e., p. 26.
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absolute standards of rational judgement, the relativist typically denies that
such standards exist. I believe that Toulmin's alternative position must be
depicted as a naturalistic one (although he never uses this term either). Like
Toulmin, a naturalist denies the possibility of a first philosophy, the traditional
duty of which it is to formulate objective and everlasting epistemological
criteria for doing respectable science. Recall that the naturalist asserts that
these supposedly 'eternal' standards may gradually be altered in the course of
scientific development and that - in the long run - they may even be displaced
by new ones (§§ 3-4). The history of science and philosophy has demonstrated
that new discoveries can have a considerable impact on epistemological issues
and vice versa, which means that we cannot fix our standards and
methodologies once and for all. Methodological principles are as much subject
to historical change, and hence to selection processes, as scientific theories.
Naturalism, in Quine's (1969b, 126-127) famous phrase, sees philosophy not
as an a priori groundwork for science, but as continuous with it. There is no
external vantage point. Hence a naturalist argues that the rationality of any
science shows itself in our willingness to modify and perhaps even to abandon
the tenets and standards formerly employed. So instead of simply denying that
any eternal criteria exist, as the relativist does, the naturalist claims that we do
have criteria, but we must face the fact that they are constantly under revision.
Yet this does not make them arbitrary in any sense. The fact that our
prevailing theories and methodologies are the outcome of an arduous (and
incessant) selection process means that it is perfectly rational to rely on them.
Our current theories and methodologies are simply the best knowledge
available. In short, the proper middle course between absolutism and
relativism may be called evolutionary naturalism.

47. Beyond absolutism and relativism
As in his earlier papers, Toulmin criticizes the two extreme epistemological
positions which have so much dominated the debate in 20th century philosophy
of science. In order to demonstrate the character and the common assumptions
of the two rival positions, Toulmin depicts the German philosopher and
logician Gottlob Frege as the epitome of the absolutist's stance, and the British
metaphysician Robin George Collingwood as the representative of the
relativist's stance. Frege, as a modem Platonist, was convinced that the
language of mathematical logic was the only means to arrive at a coherent
scientific world picture. Natural languages, he believed, were too opaque and
ambiguous to be equipped for this task. Moreover, Frege argued that
philosophers could safely ignore the findings of, say, anthropology,
psychology or biology, for philosophy is concerned with pure form and pure
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concepts, and not with mere empirical fact. Frege thus had an enormous
influence on 20th century analytical thought, particularly in Cambridge
(Russell, Wittgenstein), Vienna (the logical positivists), and the United States.
Yet Toulmin rightly argues that besides its limited relevance in actual scientific practice, Frege's formal approach was unable to throw much light on the
nature of conceptual change altogether. In short, the price paid by the absolutist is that his formal system lacks relevance.5
At the opposite extreme to Frege's absolutism we find Collingwood's
relativism. Toulmin argues that in trying to explicate conceptual change, the
relativist ends in similar difficulties as the absolutist does. By denying himself
an impartial standpoint for rational judgement, the relativist has no proper
means to clarify the succession of one theoretical framework by another. For a
relativist typically concludes that standards for rational judgement can claim
authority only within some context or discourse. Collingwood for instance
argues that the natural sciences ultimately rest on 'tacit assumptions and
presuppositions', i.e., the most general presuppositions that determine which
procedures and patterns of thought are employed and hence which questions
and solutions are accepted as relevant. It follows that when these assumptions
are abandoned, scientists no longer can use the concepts and procedures
formerly employed. So abandoning one set of presuppositions means giving up
the corresponding framework or pattern of thought in its entirety. Since beliefs
and concepts can be rationally appraised only relative to one particular set of
presuppositions, the result seems to be some Kuhnian incommensurability
avant la lettre. Once we leave the scope of one particular framework, we
leave also the scope of rational comparison and judgement.6
Toulmin concludes that when it comes to explaining conceptual change
or explaining the rational considerations justifying the actual transition from
one set of basic concepts to its historical successor, neither Frege nor Collingwood can give us the critical tools we need. Frege, on the one hand,
rejected such historical questions as merely empirical and concerned himself
only with pure concepts. Collingwood, on the other hand, recognized the
problem, but denied himself the means of resolving it. He believed that
conceptual change can at best be analyzed in terms of sociological causes
rather than in terms of reasons. So faced with the dilemma between absolutism
and relativism, Toulmin tries to find a middle course by abandoning the
assumption that the nature of scientific development must be understood
primarily in terms of a system or systems of logically related propositions and
elements. He writes:

5
6

Cf. Toulmin o.e., pp. 54-64.
Cf. Toulmin o.e., pp. 65-74.
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The problem of conceptual change is intractable for both Frege and
Collingwood, just because they both subscribe to the philosophical
cult of systematicity, i.e., to the belief that concepts must form
'logical systems', and to the consequent equation of the 'rational' with
the 'logical'. (1972, 83)
According to Toulmin, anyone who accepts these systematic assumptions will
be unable to tackle the problem of conceptual change. For this strategy can
admit questions about justification, intellectual merit, and rationality only as
long as they arise within the scope of some particular logical system. As a
result, the transition of one set of logically related concepts, propositions, etc.,
to the next will be ipso facto inexplicable.
Toulmin believes that he can avoid these difficulties by rejecting the
commitment to logical systematicity. He argues that questions about rationality
are concerned, not with the particular intellectual or formal doctrines that a
person or a group adopts at any given time, but rather with the conditions on
which, and the manner in which, they are prepared to criticize and change
those doctrines as time goes on. Put differently, the rationality of science is
not embodied in the theoretical systems current in it at a particular time, but in
its procedures for discovery and conceptual change through time. Hence we
must leave behind all those static 'snapshot' analyses. Instead, we need a
'moving picture', to wit, an evolutionary account of the development of
scientific enterprises. Toulmin's new starting-point is the living, historicallydeveloping intellectual enterprise within which concepts find their collective
use:
What we need, therefore, is an account of conceptual development
which can accommodate changes of any profundity, but which
explains gradual and drastic change alike as alternative outcomes of
the same factors working together in different ways. Instead of a
revolutionary account of intellectual change, which sets out to show
how entire 'conceptual systems' succeed one another, we therefore
need to construct an evolutionary account, which explains how 'conceptual populations' come to be progressively transformed. (1972, 122.
Italics in original.)
48. The genealogy of scientific disciplines
Toulmin, like other authors such as Campbell, Dawkins, Dennett, and Reseller, argues that Darwin's theory of evolution is but one illustration of a more
general form of explanation. Darwin's ideas not only apply to the biological
realm but to other domains as well. One of these domains is the realm of
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science. As we have seen, Toulmin asserts that scientific disciplines must be
viewed as dynamic and heterogeneous populations of concepts, theories, and
procedures which gradually and progressively transform in time without losing
their identity and rational coherence. Accordingly, Toulmin (o.e., 139 ff.)
argues that an evolutionary account of scientific change has to explain two
separate features. On the one hand there is the coherence and continuity by
which we identify disciplines as distinct; and on the other hand there are
profound long-term changes by which these same disciplines are transformed
or superseded. Toulmin believes that we can explain both characteristics by
invoking a Darwinian process of variation and selective retention. In any
active discipline, new conceptual variants are constantly entering the current
pool of ideas and procedures up for discussion, but only a few of these
novelties will win an established place in the body of the discipline concerned.
These useful variants are then transmitted to the next generation of scientists.
The continuing emergence of innovations is thus balanced against a continuing
process of critical selection - and this may account for the discipline's continued stability as well as for its rapid transformation into something new and
different.
I believe that we can now solve our initial enigma, viz., the problem of
continuity-through-change. Biological species as well as scientific disciplines
can be divided up in recognizable units, even though they may change
thoroughly in time. Therefore, their necessary cohesiveness cannot be found in
some essential properties or unchanging features, but rather in genealogical
links which connect the earlier stages of a dynamic population with more
recent ones. So although species and disciplines may have no solid essence,
they can still be identified through time because they are historical entities. As
we shall see further on, Toulmin clearly anticipates Hull's ideas when he
writes:
The same features are not absolutely and eternally constitutive of
'physics' or 'biochemistry', at every stage in its development; scientific disciplines, like organic species, are evolving 'historical entities',
rather than 'eternal beings'. In intellectual history as in natural history, the old philosophical ideal of 'permanent entities', which
preserve an essential identity through a continuing sequence of 'accidental' historical changes, can now be superseded by a more
lifelike, and less mysterious notion: viz., that of 'historical entities'
which, though possessing no absolutely unchanging characteristics,
preserve enough unity and continuity to remain distinct and recognizable from one epoch to the other. (1972, 141)
Toulmin's analysis rightly emphasizes the fact that scientific disciplines do not
consist of formally interwoven clusters of concepts, theories, and procedures
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which are accepted or rejected as a whole. The populational approach provides
a more realistic picture of conceptual change according to which scientific
disciplines are gradually and continuously transformed without losing their
identity. Scientific disciplines, like biological species, are indeed historical
entities: they maintain their coherence and individuality despite all the changes
they may undergo.
As we have seen in § 45, what is needed for the successful operation of
cumulative selection processes is not merely variation, but heritable variation.
Populations (of whatever kind) can evolve only if some mechanism is available
which is capable of transmitting information to future generations. In
biological evolution this transmission is gene-based, whereas in scientific
evolution epistemic variants are passed on by means of spoken or written
word. Toulmin rightly remarks that scientific concepts are, by their very
nature, capable of being transmitted from one era to the next. Like genes,
epistemic replicators remain largely intact during their journey through
successive generations. After all, in any university library you can find a
perfect copy of Aristotle's Posterior Analytics, Euclid's Elements, or
Ptolemy's Almagest, etc. The structure of these, and other ancient texts, has
been delivered to us practically unaltered through different (i.e., Western and
Arabic) replication routes. Of course, on other occasions the structure of
epistemic variants may change during evolution; some elements of a particular
theory will be rejected, while new elements will be added. But this also holds
for biological evolution; some genes remain virtually unchanged for millions
of years or more, while others are gradually transformed by mutations. The
point is that the longevity and copying-fidelity of epistemic replicators allows
scientific disciplines to maintain their unity far beyond the lifetime of a single
generation or of their original creators. This also means that, in principle, you
can trace any particular epistemic replicator (including the mutations it has
undergone) in past text books, journals, and periodicals, up to the point where
it was originally conceived by its inventor.
Again, the gist of the matter is that Toulmin thinks that the history of
science shows no significant rational breaks or 'revolutions' in the way Kuhn
and others have claimed. It is Toulmin's conviction that the development of
the sciences is rationally continuous, despite the profound changes and
redirections that inevitably occur. To demonstrate his point, Toulmin invites
us to look at one specific period of early 20th century physics where communication between scientists, allegedly, broke down. Kuhn's analysis tells us
that in a scientific revolution like the changeover from Newtonian to
Einsteinian physics, the two parties involved no longer shared a common,
neutral language for theoretical discussion or for comparing results. Yet
Toulmin believes that the actual record gives no indication at all of such a
conceptual break:
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The professional careers of many theoretical physicists spanned the
years from 1890 to 1930, and these men lived through the changeover
in question. If there had in fact been any breakdown in communication, of the sort to be expected in an authentic scientific
revolution, we should be able to document it from the testimony of
these physicists. What do we find? If there was such a revolution, the
men directly involved were curiously unaware of it. After the event,
many of them explained very articulately the considerations that
prompted their decision to switch from a classical to a relativistic
position; and they reported these considerations as being the reasons
which justified their change, not merely the motives which caused it.
(1972, 104)
Kuhn's claims are surely too harsh. Supporters of either position shared
enough disciplinary concepts, procedures, and aims to discuss, in a vocabulary
intelligible to both sides, which of the two theories 'did the better explanatory
job' for theoretical physics. Of course, a pre-Copernican astronomer like
Ptolemy (to take another example) would, initially, find it very difficult to
understand, say, Newtonian mechanics, not to mention modern-day
astrophysics. Yet, as Toulmin asks himself, does this imply that the gulf
between the various world pictures is rationally unbridgeable in principle?
Toulmin rightly argues that it does not. After all, however radical the resulting
change in physical and astronomical ideas and theories, the transitions were
the proper outcome of a continuing rational discussion and it therefore implied
no comparable break in the intellectual methods and disciplinary aims of
physics and astronomy.7 So Kuhn's putative scientific revolutions are merely
'rhetorical exaggerations'. Toulmin concludes:
We must face the fact that paradigm-switches are never as complete as
the fully-fledged definition implies; that rival paradigms never really
amount to entire alternative world-views; and that intellectual discon-

7

Toulmin (o.e., p. 235) writes: 'At first sight, the physics of Buridan and Oresme
may, apparently, have nothing to do with the physics of Einstein and Heisenberg;
yet the disciplinary genealogy linking them is in fact quite direct. The "physical"
problems of the 1330s - the scholastic analysis of the terms available for characterizing different varieties of "change" or "motion" - have been transformed bit by
bit, through six centuries of intellectual development, into the contemporary
problems of relativity theory and quantum mechanics. At no point, however, has this
process been rationally discontinuous.'
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tinuities on the theoretical level of science conceal underlying continuities at a deeper, methodological level. (1972, 105-106)8
We now are able to rebut at least one of the objections which I discussed at the beginning of this Chapter. Recall, critics of evolutionary epistemology assert that transmission in the epistemic sphere is not truly
hereditary because the necessary causal descent relations are absent. To my
mind this view is mistaken. Scientific evolution seems to be governed by the
same sorts of genealogical principles as biological evolution. In both the
biological and the epistemic realm we can discern evolving entities (whether
species or disciplines) which preserve their individuality even though they may
lack any typical essence. In either case identity is maintained, not by some
unchanging and timeless features which supposedly define the evolving entity
concerned, but rather by descent. So although the content of a particular
science may change substantively, these transitions involve no Kuhnian
ruptures in the dynamic history of the discipline. Toulmin rightly stresses the
fact that scientific disciplines must be treated as historical entities and dynamic
populations which progressively transform in time without losing their identity. The history of science reveals that no matter how drastic these changes
are, a discipline's rational coherence is preserved by genealogical links.
Hence, unlike the scattering of bush fires, transmission in the epistemic realm
evidently involves a kind of (conceptual) heredity, a mechanism which will
generate the appropriate evolutionary branches and family trees. So it is not
true that causal descent relations are absent in the conceptual realm. However,
to fully sustain the analogy under consideration, what has yet to be
demonstrated is that this particular kind of heredity is sufficiently similar to
heredity in the biological realm. In order to resolve this issue, we have to

8

Indeed, Toulmin (o.e., p. 127) argues that the very title of Kuhn's book should not
have been The Structure of Scientific Revolutions, but rather Revolutions in Scientific
Structure, for revolutions involve the replacement of one entire theoretical or
conceptual structure by another, but these revolutions themselves, at least that seems
to be Kuhn's conviction, do not exhibit any structure. For a similar critique on
Kuhn, see: E. McMullin (1993). McMullin convincingly argues that scientific
revolutions are regularly not as 'deep' as Kuhn depicts them. Like Toulmin, he sees
more continuities than abrupt shifts in the development of science, especially on the
methodological level. With regard to such criteria as coherence, fertility, and
unifying power, McMullin (o.e., p. 75) states: 'It is hard to make sense of the role
played by these values if one adopts the instrumentalist standpoint that Kuhn feels
compelled to advocate.' For more comments on Kuhn's philosophy of science, see:
I. Lakatos & A. Musgrave (Eds.) 1970. P. Horwich (Ed.) 1993. A.A. Derksen 1997
(in Dutch).
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delve deeper into the actual workings of evolution. I will demonstrate that the
parallels are not as farfetched as critics profess.
49. The metaphysics of evolution
One of the very few philosophers who immediately recognized the merits of
Toulmin's analysis was David Hull.' As we have seen in the previous Chapter, Hull argues that selection is the result of the interplay between the two
processes of replication and interaction (§ 40). In both the biological and the
epistemic sphere, the differential success of interactors will cause the differential proliferation of the replicators with which they are associated. So
replicators and interactors are the entities that function in selection processes.
But some general term is also needed for the entities that result from successive replications. Hull (1988b, 409) calls these entities 'lineages'. They can be
defined as follows:
Lineage - an entity that persists indefinitely through time either in the
same or an altered state as a result of replication.
Of course, many entities persist indefinitely through time. Of these, some
change and some do not. Yet the only entities that can count as lineages are
those that are formed by sequences of replicators. Hence 'lineage' is inherently a genealogical concept - a lineage is a historical entity formed by
replication series. Let us apply Hull's view to the biological domain first. In
the biological realm genes form lineages, and so do organisms (in most cases
gene lineages are wholly contained within organism lineages.) Biological
species, however, do not form lineages: they are paradigm lineages. They are
entities that change gradually in time without losing their individuality. In a
true Toulminian spirit, Hull argues that species, like other evolving entities,
may have no timeless essence - they are historical entities par excellence.
Traditionally species were considered to be natural kinds. Individual
polar bears may come and go, but the species Thalarctos marítimas, it was
said, is potentially eternal and immutable. Ever since Darwin we know that
this view is wrong - species wax and wane as well. Yet, surprisingly, many
biologists and philosophers kept arguing that species must be viewed as natural
kinds like gold and water. But if species are natural kinds, they cannot evolve;
and since we know that species do evolve, it follows that they are not natural
kinds. Because many theorists apparently had failed to grasp the ontological
significance of Darwin's discovery, Michael Ghiselin (1974) and Hull (1976)

9

Cf. D. Hull 1974b.
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set about to sketch a new metaphysics of evolution which had to do justice to
Darwin's fundamental insight that species are neither eternal nor immutable.
What makes that different organisms belong to a particular species is not a set
of essential phenotypic features, but their common ancestry. Note that a
definition in terms of necessary or sufficient uniformity would imply that an
extinct species could pop up again. If by chance a bird with the same
phenotypic characters as Dodo ineptus were to reappear, then the slaughter on
Mauritius by 17th century Dutch sailors would be redeemed instantly. Unfortunately, this is not how things work. Theoretically, gold and water could be
absent for some period of time and then reappear. Species cannot. Hence, if
we accept the view of Hull and others, we must say that extinct species are
forever lost, Steven Spielberg's Jurrasic Park notwithstanding.10
So species are neither immutable natural kinds nor spatiotemporally unrestricted classes, but historical entities or individuals (in the logical sense).
Species are not classes because they are spatiotemporally restricted: they come
into existence and perish." Nor are species immutable natural kinds because
10

Ernst Mayr's (1969, 26) famous biological species concept is somewhat halfhearted because it insufficiently takes into account the temporal dimensions of
evolution and speciation. Species, according to Mayr's definition, are groups of
interbreeding natural populations that are reproductively isolated from other such
groups. Mayr's definition is construed 'horizontally', i.e., the definition only applies
to time-slices of species. Since species also extend 'vertically' through time, a more
inclusive definition is needed to integrate successive time-slices into temporally
extended lineages. Put differently, a definition of species must not only be based on
reproductive isolation, but also on 'evolutionary' isolation - species are historical
entities. Moreover, the intrinsic reproductive isolation that makes populations full
species itself evolves gradually. So there is no precise point at which two diverging
populations suddenly reach the level of full species. A further problem of the
biological species concept is that it does not apply to asexually reproducing organisms because they do not interbreed. Hence, according to Mayr's definition, we
must say that those organisms do not form species. Yet asexually reproducing organisms, like dandelions, do seem to form recognizable groups, even though the
members of a group cannot exchange genes. Conversely, some sexually reproducing
organisms belonging to different species are able to interbreed and produce viable
and fertile hybrids (§ 51). Following Mayr we therefore must say that these
organisms actually belong to the same species. Cf. G.G. Simpson 1961. E. Mayr
1976. W.T. Keeton & J.L. Gould 1986, pp. 907-909. D. Hull 1988b, pp. 102-109.
M.W. Strickberger 1996, pp. 228-232.
11
A consequence of this view is that species cannot function in natural laws and
covering law explanations. Because natural laws are generally construed as being
spatiotemporally unrestricted, it follows that spatiotemporally restricted or historical
entities like species cannot function in them. Hull (1988b, p. 215) writes: 'There can
no more be a law of Homo sapiens than there can be a law of Napoleon. However,
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they will slowly change through natural selection. Furthermore, since
evolution and speciation are relatively gradual processes (pace Eldredge &
Gould 1972), the temporal boundaries between species will not be discrete (§
13). In short, species may have no everlasting essence. Here a problem arises,
for how are we to classify species if they lack any essential features? If
everything about a species can change in time, how can we possibly identify
it? Not surprisingly, Hull's answer is that we can classify species genealogically by descent. A species, in Hull's view, is a twig or segment of a particular
phylogenetic tree. To count as a member of a species, an organism must
simply be part of a particular genealogical branch. There is no circularity
here. The situation is much the same as in the case of the standard meter bar.
When taxonomists have to classify a previously unknown species, they
may pick a specimen, any specimen, and designate it as the type specimen. In
spite of its connotations, though, the type specimen might not be in any sense
'typical' (the term originally stems from pre-evolutionary days). In fact, the
type specimen will never be typical because, as Mayr (1988, 335 ff.) points
out, species consist of many heterogeneous populations and no single specimen
can represent this variability. The type specimen is merely one node in a
particular genealogical sequence - all it does, is determine to which species a
name applies. No matter how 'atypical' a type specimen may turn out to be, it
belongs to a particular lineage and no other. Or reversely, no matter how
often the characteristics of a particular species are reassessed, the lineage that
includes the type specimen segment must be called by the name that the type
specimen bears. In other words, the lineage is basic, overall similarity is
secondary.12 Two organisms may exhibit the same phenotypic features, but if
they emerged in different lineages, they do not belong to the same species.
Note that the type specimen method of systematics (i.e., the branch of biology
which deals with classification and nomenclature) closely resembles the theory
of rigid designation (or causal reference) proposed by Kripke (1972) and
(early) Putnam (1973).13 In both cases there are initial 'baptisms' and

both sorts of entities can be instances of natural kinds, which do function in genuine
laws of nature. For example, Homo sapiens is a cosmopolitan species and Napoleon
was a dominant alpha male. Laws governing cosmopolitan species and alpha males
are at least feasible.' See also: Hull 1984. Hull 1994. R.N. Brandon 1996, pp. 106123. For a critical comment on Hull's species concept, see: M. Ruse 1989a, pp. 97117.
12
Cf. Hull 1988a, pp. 150-154. Hull 1988b, p. 497 ff. Hull 1989, pp. 221-240 and
pp. 291-298.
13
Before Kripke and Putnam launched their theory of rigid designation, reference
was commonly understood by means of definite descriptions. A definite description
is supposed to pick out one and only one individual entity. Thus the description 'the
student of Plato and teacher of Alexander' uniquely denotes Aristotle. The idea was
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reference-preserving chains of communication. Contrary to the traditional
theory of reference, the type specimen method and the theory of rigid designation keep referring to a particular entity, even if it turns out that the
descriptions we commonly use to identify it are not correct. Hull writes:
The reason that rigid designation works so well for species is that they
themselves are historical entities. A species, like an organism, has a
beginning, middle, and end. A name can be attached to it rigidly
during any time-slice of its existence. No matter what changes take
place during its existence, the same name applies. (1988b, 499)
In sum, evolution is essentially a spatiotemporal process. Hence
everything which functions in the evolutionary process or results from it must
share in this spatiotemporal character. The entities which result from
evolutionary processes are called lineages. A lineage is an entity that persists
indefinitely through time either in the same or an altered state as a result of
replication. Biological species, as we have seen, are paradigm lineages.
Because everything about a species might change in time, the appropriate way
to classify them is in terms of descent. To count as a member of a particular
species, an organism simply has to be part of a specific genealogical branch.
The crux is that the lineage is basic, phenotypic characters are secondary. Let
us now examine whether these observations can be applied to the epistemic
domain.

that every proper name could be associated with some (finite) set of descriptions or
properties which denote a particular entity and no other. However, it turned out that
this theory of reference is sometimes problematic, for instance when we discover
that the descriptions we use are not correct. Historians may find out that Aristotle
was neither the student of Plato nor the teacher of Alexander. It might turn out to be
a mistake to believe that Aristotle was bom in Stageira in the year 384 B.C. and
died in Chalcis in the year 322 B.C. Suppose that all our descriptions concerning
Aristotle are inaccurate - does this imply that Aristotle did not exist? The theory of
rigid designation tries to avoid such intricacies. The idea is as follows. A proper
name does not describe, but simply designates a particular entity. In this view,
proper names no longer have (Fregean) sense or meaning, but only reference. Thus
no matter how different the entity that the name designates were to be from the way
it actually is, the name would still uniquely refer. A name is designated by an initial
baptism, and a speaker uses the name correctly if there is a suitable causal chain of
communication linking his use of the name with the entity designated by the
baptism. Cf. S. Schwartz (Ed.) 1977, Introduction. S. Haack 1978, pp. 56-73. E.
Sober 1994, pp. 201-232.
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50. Darwinism evolving
To be sure, I do not claim that ideas are literally inherited or that descent in
science is identical to descent in the biological realm. There are obvious
differences. The main difference is that descent and transmission in the
biological domain are accomplished by the mechanism of sexual reproduction,
whereas descent and transmission in the epistemic domain are accomplished by
means of written and spoken word. Yet although both processes are not
identical, in several aspects they are surely alike. What biological and conceptual transmission have in common is that both processes are characterized by
replicators (whether genes or ideas) proliferating at different rates. Furthermore, in both domains replication series will result in lineages, whether
biological or conceptual. Like genes, epistemic replicators may stay intact
during their journey through successive generations. The potential longevity
and copying-fidelity of epistemic replicators thus closely resembles the
longevity and copying-fidelity of genes. Like genes, ideas can be passed on to
future generations and both kinds of entities are subject to cumulative selection. A further parallel is that the proliferation of ideas generally follows a
hereditary pattern, i.e., ideas do not spread arbitrarily through the entire
scientific community. During evolution, certain ideas will become associated
with one particular discipline, just as certain genes will become associated
with one particular species. I therefore believe that there is enough similarity
to uphold the evolutionary analogy. The inheritance of ideas is analogous to
the inheritance of genes.
So if science is also considered to be an evolutionary process, we may
expect that lineages will occur in this domain as well. Moreover, if such
genealogical relationships exist, it is likely that they have the same antiessentialist implications as those in biological evolution. That is, in scientific
evolution too lineages are basic whereas overall similarity is only secondary.
To count as a member of a conceptual lineage, an idea (or a scientist) has to
be part of (or take part in) a specific conceptual replication sequence. Two
ideas may have the same overall content, but if they result from separate
replication series, they do not belong to the same conceptual lineage. Remember that Toulmin already proclaimed that scientific disciplines may not have an
enduring essence. A discipline's coherence and identity is preserved, not by
some timeless features which supposedly define the enterprise concerned, but
rather by genealogical principles of descent. Scientific disciplines can undergo
considerable changes during their existence. This means that they can be
characterized by any particular set of stable properties only at the cost of
denying that they can grow or completely change. Put differently, the attribution of certain fixed essences to conceptual systems inevitably involves a
distorted image of scientific evolution.
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So the same questions arise as in the case of biological evolution: how
are we to make sense of the continuity and coherence of science in the face of
all these changes? More specifically, how are we to identify a particular
discipline or research programme if they lack any essential properties? Not
surprisingly, Hull argues that the type specimen method of systematics can be
applied to the epistemic sphere as well. Instead of trying to catch any timeless
features of a particular research programme or conceptual system, we have to
focus on genealogical relations of descent. As we have seen, the crucial
condition for this genealogical cohesiveness through time is that ideas are
organized into link-to-link transmissions or replication sequences. Actual
descent from an initiating event is necessary for two or more ideas to be
instances of the same conceptual lineage.
Hull (1989, 233) provides the following example. In 1831 the Scottish
naturalist and timber merchant Patrick Matthew published his version of the
principle of natural selection in a book on forestry. In that same year Darwin
was still preparing for his grand voyage on the Beagle, which was to set sail
on December 27th. Darwin himself formulated his ideas about natural selection in 1838, a few years after his return to England. The naturalist Alfred
Rüssel Wallace, finally, discovered the principle of natural selection in 1855.
From the perspective of similarity in content, all three statements are instances
of the same type. Differently put, 'natural selection' was initiated three times.
Yet Wallace's initiation was not totally independent of Darwin's because both
naturalists had read Lyell and Malthus. Furthermore, Wallace was familiar
with Darwin's early work, and both men had exchanged letters on the species
problem prior to Wallace's unexpected discovery. So the conceptual lineages
initiated by Darwin and Wallace actually merged in the 1850s. They need not
have. As Hull points out, if Wallace and Darwin had behaved more territorially than they did, the two naturalists might have become enemies and hence
might have developed independent conceptual lineages right from the start.
Yet neither Darwin nor Wallace had read, or even heard of, Matthew's
ideas on the subject.14 In other words, although the initiating events for
14

It is a well-known fact that Wallace's announcement prompted Darwin to write
and publish his Origin. Yet few people will probably have heard of Patrick Matthew, even though he anticipated Darwin's and Wallace's insights in a number of
ways. In 1831, Matthew published his version of natural selection as an appendix to
a work called Naval Timber and Arboriculture. There it remained, unnoticed and in
a peculiar context, until Darwin published his Origin of Species in 1859. Matthew
immediately wrote a letter to a journal - The Gardeners' Chronicle and Agricultural
Gazette (!) - claiming his priority for the theory of natural selection. In the Gardeners' Chronicle of April 21th 1860, Darwin responded: 'I have been much
interested by Mr. Patrick Matthew's communication in the number of your paper
dated April 7th. I freely acknowledge that Mr. Matthew has anticipated by many
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Darwin and Wallace were partially independent of each other, they belong to
the same conceptual lineage because of the interplay between the two men.
Matthew's initiating event remained totally outside this conceptual lineage.
Hull writes:
From the point of view of natural selection as a conceptual lineage,
Matthew's clear statement does not count as the 'same' term-type as
that of Darwin and Wallace. In conceptual evolution as elsewhere,
similarity does not universally covary with identity by descent. (1989,
233)
In sum, genealogically related concepts and ideas must be taken as
evolutionary homologies, i.e., features that are possessed by two or more
groups which derive with or without modification from their common ances
tor. In the biological realm, the forelimb of the reptile and the wing of the
bird are examples of homologous traits. Likewise, Darwin's and Wallace's
ideas about natural selection can be considered as conceptual homologies.
Matthew's statement, however, is only analogous to the ideas of Darwin and
Wallace because there is no common origin involved.
Ever since The Origin of Species, Darwinism as a conceptual lineage
has undergone many transformations. Moreover, at each stage of its develop
ment there were major disagreements among its most influential proponents.
Early Darwinians like Huxley, Morgan, de Vries, and Bateson all emphasized
different aspects of the theory of evolution. For instance, there was much
controversy about the alleged gradualness of evolution. Huxley, Darwin's
closest friend and ally, believed that Darwin's insistence on gradual evolution
was an 'unnecessary difficulty' in the Origin}5 Similarly, several years later,
both Bateson and De Vries missed no opportunity to ridicule Darwin's belief
in gradual evolution. Instead they held that speciation proceeds by sudden
macromutations. As we have seen in § 29, in the 1930s and 1940s the doctrine

years the explanation which I have offered of the origin of species, under the name
of natural selection. I think that no one will feel surprised that neither I, nor
apparently any other naturalist, has heard of Mr. Matthew's views, considering how
briefly they are given, and that they appeared in the appendix to a work on Naval
Timber and Arboriculture. I can do no more than offer my apologies to Mr.
Matthew for my entire ignorance of his publication. If another edition of my work is
called for, I will insert to the foregoing effect.' Cf. Francis Darwin 1902, pp. 232233. See also: S.J. Gould 1985, pp. 335-346. Hull 1988b, p. 51. D. Dennett 1995,
p. 49.
15
On the day before the publication of the Origin, Huxley (1900 vol. II, p. 27)
wrote to Darwin: 'You have loaded yourself with an unnecessary difficulty in
adopting Natura non facit saltum so unreservedly.' Cf. E. Мауг 1988, p. 203.
186

The Essence of Evolution
of gradualness was attacked once again by Goldschmidt who also proposed a
saltationist view of evolution. Today the dispute about this particular issue is
as vigorous as ever, especially since Gould & Eldredge (1972) launched their
controversial theory of punctuated equilibrium, i.e., the belief that evolution
proceeds by sudden saltationary jumps followed by long periods of stasis (§
13).
The same story holds for the doctrine of natural selection. Huxley, de
Vries, Bateson, and Morgan for various reasons believed that the principle of
natural selection was of no, or at best minor, importance to the process of
evolution. Huxley was never charmed by Darwin's key mechanism because it
could not explain his saltationary view of speciation. The Mendelians Bateson,
De Vries, and Johannsen did not adopt natural selection because they held that
evolutionary change was the result of mutation pressure rather than selection.
In the 1930s, Dobzhansky, one of the leading architects of the Modern
Synthesis, stated bluntly that: 'The inadequacy of the experimental foundations
of the theory of natural selection must be admitted.'16 The opposition to the
idea of natural selection did not stop with the arrival of the Modern Synthesis.
On the contrary. Unreserved objections to the idea of natural selection can be
found in numerous publications of prominent biologists up to the present day.
As we have seen in §§ 28-29, Monod (1971) clearly downplayed the role of
natural selection because he opted for random variation ('pure chance') as the
sole source of evolution. In the late 1960s, the importance of natural selection
was undermined by neutralists like Kimura (1968) and King & Jukes (1969)
who claimed that most, and perhaps all, evolutionary changes at the molecular
level have no adaptational significance, i.e., they are neutral to an organism's
fitness. Finally, in recent decades we have witnessed Gould & Lewontin's
(1979) attack on the 'adaptationist programme', the idea that most traits of
organisms are moulded by natural selection, and hence functional. Gould &
Lewontin argue that we should rather embrace a plurality of evolutionary
mechanisms instead of relying exclusively on natural selection. As I showed in
§21, Gould & Lewontin have accused some of their colleagues of 'Panglossian optimism' with respect to the alleged omnipresence of adaptations. In
Gould & Lewontin's view, natural selection is only of minor importance to
evolution.
In short, prominent biologists have criticized and rejected supposedly
'fundamental' tenets of Darwinian theory up to the present day. My list of
disagreements among Darwinians is therefore by no means exhaustive. I could
make similar lists with regard to such tenets as the multiplication of species,
the direction and progressiveness of evolution, the units of selection, etc.17

Cf. T. Dobzhansky 1937, p. 176. M. Ruse 1996, p. 388.
Cf. E. Мауг 1988, pp. 196-214. Мауг 1991, pp. 35-47 and pp. 90-107.
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What is more, I believe that such conceptual variability can be found in all
dynamic scientific disciplines. Epistemic evolution would be impossible
without heterogeneous populations. More importantly, it seems that Darwinism, like any other dynamic research programme, does not have a stable
and everlasting essence. Any attempt to impose some essential tenets on the
Darwinian legacy seems destined to fail because the discipline continuously
evolves. And even if there were some enduring hard core to the Darwinian
paradigm, no two biologists would probably agree on the precise character of
it. So again we are confronted with the question whether scientific disciplines
should be treated as historical entities which are individuated by relations of
descent or whether stronger criteria should be added as well. Must disciplines
retain an essence in order to remain a single conceptual lineage, or can they
evolve indefinitely as long as a certain degree of internal coherence is retained
and the development rationally continuous? As we have seen, Toulmin and
Hull opt for the second alternative. In their view it is un-Darwinian to say that
there is a stable core to Darwinism.18
One might object that, despite the many disagreements among Darwinians, there are still at least two fundamental tenets which have been readily
accepted by all Darwinians up to the present day, namely: (i) the idea of
evolution as such, and (ii) the idea of common descent. Yet I believe that this
observation will not resolve the dilemma. One should not forget that the idea
of evolution as such is not a typical Darwinian creed since pre-Darwinian
evolutionists like Lamarck and Spencer also proclaimed that the organic world
evolves. The idea of evolution as such is therefore simply too old and too
general to count as an exclusive defining core of Darwinism. Similarly, the
idea of common descent cannot function as an essential core either, because it
too pre-dates the birth of the Darwinian lineage. In fact, the idea of common
descent can be traced back to the 18th century in the work of pre-Darwinian
18

D. Depew & B. Weber (1995, p. 2) prefer the first alternative. They argue that
'the idea of natural selection is the conceptual core of the Darwinian research
tradition.' Depew & Weber admit that Darwinians always have differed widely in
their beliefs and that not all of them embraced the principle of natural selection. Yet
they hold that 'the continuity of the Darwinian research tradition over time has been
maintained by offering new interpretations of natural selection to accommodate new
knowledge. [...] Our corresponding guess is that if Darwinism is to revitalize itself,
it will do so by finding yet another conception (or interpretation) of the concept of
natural selection.' (Italics in original.) As we have seen, the problem with this
common sense view is that not all Darwinians believed in natural selection or that
natural selection is always the preferred mode of explaining an evolutionary
phenomenon. Consequently, in Depew & Weber's view we must say that several
distinguished 'Darwinians' were in fact no Darwinians at all because they did not
accept the discipline's conceptual core.
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writers like De Buffon and Charles' grandfather Erasmus Darwin." Hence if
we would accept the ideas of evolution as such and common descent as the
core tenets of Darwinism, we would also be forced to say that Lamarck, De
Buffon, Spencer, and others actually were Darwinians, even though their
views préndate the Origin by half a century or more, and even though their
beliefs clash with almost every other Darwinian creed.
I believe that Toulmin's and Hull's genealogical and populational
approach is an improvement compared with the traditional, essentialist view.
In particular, the traditional approach has a serious flaw because it cannot
explain how dynamic systems may evolve into something radically new and
different while at the same time retaining their rational coherence and identity.
So the phenomenon of continuity-through-change can be made intelligible only
if we admit that biological species and scientific disciplines are historical,
evolving entities which do not necessarily retain a distinctive and rigid
essence.
Yet, on closer scrutiny, the view of Toulmin and Hull is not entirely
unproblematic either because it seems to imply that members belonging to the
same research programme need not have anything in common, apart from the
fact that they must exchange ideas with each other. After all, what counts in
Hull's view is communication and common ancestry, not any resemblance of
ideas. But such a claim is surely too drastic. As Toulmin and Hull themselves
proclaim, although scientists may differ considerably about particular
theoretical tenets, they often seem to agree about the basic methodologies and
disciplinary aims of their research programmes. So perhaps we can reconcile
both views by arguing that research programmes must at least retain a flexible
essence (although this comes close to being a contradiction in terms). Thus
perhaps we could accept natural selection as a flexible conceptual core of Darwinism, as long as we allow that this core might be interpreted, valued, and
applied in different ways. The intermediate position then would acknowledge
the fact that scientific disciplines can change into something different, but it
19

In his medical treatise Zoonomia Erasmus Darwin (1794, p. 502) writes: '[I]t
appears that all animals have similar origin, viz., from a single living filament; and
that the difference of their forms and qualities has arisen only from the different
irritabilities and sensibilities, or voluntarities, or associabilities, of this original
living filament.' In contrast with his grandson Charles, Erasmus Darwin believed
that the 'original living filament' was created by God and subsequently became
transmuted over eons into all the extant warm-blooded animals. A further difference,
of course, is that the author of the Origin argued that not only animals but all extant
and extinct organisms share a common primordial ancestor. Nevertheless, although
Charles Darwin may have given the idea of common origin an original twist, the
idea itself is much older and hence not exclusively 'Darwinian'. Cf. E. Mayr 1988,
pp. 199-202. R. Richards 1992, pp. 94-95. M. Ruse 1996, p. 55 ff.
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would also maintain that there are some flexible disciplinary aims and tenets
that underlie and guide these changes up to a point. These 'deeper' convictions
will undoubtedly change as well, but they will do so at a much slower pace.
In any case, we can easily individuate evolving disciplines by choosing
a particular type specimen and trace out its genealogical relations. As we have
seen, the type specimen method does not only apply to biological evolution but
to scientific evolution as well. As in the biological case, the conceptual type
specimen may not be 'typical' in any sense - its only function is to serve as a
point of entry to discern the outlines of a particular scientific community. As
Hull expounds:
Pick a scientist, any scientist, and trace out his scientific connections.
If he belongs to a community, the contours of that community will
materialize. Any scientist who actually belongs in a community can
serve as the 'type specimen' or 'exemplar' of that community. He
need not be the most important member of that community, nor even
the scientist after whom the community is named. (1982, 297)
Thus according to the genealogical approach we must say that Wallace belongs
to the Darwinian lineage because he recurrently interchanged ideas with
Darwin. Yet Matthew does not belong to this lineage, even though his ideas
were fully compatible with Darwin's. On the other hand, if we do choose
similarity in content as the defining criterium, we must say that Matthew was
a Darwinian after all, even though he developed his ideas prior to and independently of Darwin's. I think that the genealogical approach should be
favoured in this particular case. But there may be other occasions in which the
criterium of similarity in content should be endorsed, as for instance in the
case of Newton's and Leibniz' independent discovery of the calculus. Even if
Newton and Leibniz had never exchanged ideas (and thus would not have
quibbled over the question who should be credited for this contribution to
mathematics), there never would have emerged two separate lineages simply
because their ideas were too alike.

51. Hybridization and Lamarckian inheritance
At this point of our inquiry, a few more conclusions can be drawn. First, we
have seen that scientific evolution results in the same kind of causal descent
relations as biological evolution. In both realms we encounter numerous
independent evolutionary branches and distinct family trees. Moreover, in
either domain we can identify particular branches by tracing out the
genealogical links which govern the transition of one evolutionary stage to the
next. Secondly, I therefore believe that transmission in the scientific domain is
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sufficiently similar to transmission in the biological domain. Both processes
are characterized by replication sequences which result in lineages, whether
biological or conceptual. So, thus far, the analogy with respect to transmission
can be maintained. Yet there are still a few anomalies which jeopardize the
analogy under consideration, viz., the phenomenon of cross-lineage borrowing
and the alleged Lamarkian nature of scientific evolution. Let us concentrate
first on the problem of cross-lineage borrowing.
Recall, critics of evolutionary epistemology argue that biological
evolution is a process of constant divergence without subsequent joining of
branches. Lineages, once distinct, are separate forever. In scientific development, by contrast, transmission across evolutionary branches seems to be the
major source of change and innovation (§ 45). As a consequence, epistemic
lineages will be fuzzy and will often coalesce - ideas and theories can be
transmitted among members belonging to different groups. These critics seem
to have a point. In scientific evolution we do witness the joining of branches
which were previously separate. A nice example is the Modern Synthesis, the
merger of Darwin's theory of natural selection with Mendel's theory of
heredity during the interbellum. Some evolutionary epistemologists, like
Kantorovich (1993, 248), try to resolve this discrepancy with an appeal to
Kuhnian incommensurability. Kantorovich readily admits that in the scientific
sphere we find an exchange of ideas and theories between different groups,
but he maintains that this exchange takes place only within a particular
paradigm and not between different paradigms. So on closer scrutiny there is
no cross-lineage borrowing in the scientific realm either since research
programmes belonging to different paradigms cannot intercommunicate. The
exchange of ideas is therefore analogous to the genetic exchange between
organisms belonging to the same species. Scientific paradigms are the counterparts of biological species: scientists from different paradigms cannot intercommunicate, while organisms from different species cannot interbreed.
Recently, Kuhn (1993) himself made a similar remark. Kuhn writes:
[T]he parallel to biological evolution goes further. What permits the
closer and closer match between a specialized practice and its world is
much the same as what permits the closer and closer adaptation of a
species to its biological niche. Like a practice and its world, a species
and its niche are interdefined; neither component of either pair can be
known without the other. And in both cases, also, that interdefinition
appears to require isolation: the increasing inability of the residents of
different niches to crossbreed, on the one hand, and the increasing
difficulty of communication between practitioners of different specialties, on the other. (1993, 337)
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As elegant as this solution to the problem of cross-lineage borrowing
may seem, personally I am not very charmed by it. Not only because it
obliges one to embrace Kuhn's notorious incommensurability thesis, but also
because it is simply not true that cross-lineage borrowing does not occur in the
biological realm. Cross-lineage borrowing, or hybridization, is perhaps as
common to biological evolution as to scientific evolution. For instance,
hybridization between different species of plants is by no means exceptional,
and it is well-known that viruses can carry bits of DNA from one species to
another. As the biologist Martin Brooks (1996) points out:
The more one looks at nature, the more one finds examples of
reproductive infidels. Hawaiian silverswords, orchids, roses, birds,
butterflies and coral reef fish all include huge numbers of hybridising
species. Current estimates suggest that at least 10 per cent of animal
species and more than 20 per cent of plant species hybridise in nature.
But if you pick up any reference book you are unlikely to find any
mention of hybrids. Some biologists consider hybrids to be abberants.
And hybrids challenge the notion of species as cohesive, reproductive
units, so they are ignored. (1996, 56)
Furthermore, recent successes in genetic engineering have shown conclusively
that genes of such remote species like mice and fruit flies are in fact interchangeable. I admit that the latter example requires a helping hand of human
agents. Yet my point is that all living organisms apparently share a considerable amount of the same basic genetic instructions and hence that the
genetic and reproductive gap between species is perhaps not as wide as it often
seems. Cross-lineage borrowing between many different kinds of species is
therefore feasible, at least theoretically. Critics may object that actual crosslineage borrowing in the biological realm is still much less frequent than in the
scientific domain. But is that claim really true? To my mind genuine
hybridization, as in the case of the Modern Synthesis, does not occur that
frequently in science either. After all, it took lots of brilliant scientists and a
few decades of tinkering and theorizing before the unification eventually
emerged. So hybridization in science is probably not as easy and recurrent as
some authors proclaim. In sum, I believe that there is no noticeable
discrepancy in this respect.
Before we can safely conclude that the analogy with respect to transmission can be sustained, one more obstacle has to be removed: the alleged
Lamarckian nature of scientific evolution. Recall Gould's objection (§ 45).
Gould argues that cultural and scientific development are governed by
Lamarckian principles rather than by Darwinian ones. Apparently, the distinctively Lamarckian style of human cultural inheritance gives science a
directional and cumulative character that no natural Darwinian evolution can
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possess. It should be noted that Gould is by no means the only author who
believes that cultural evolution is Lamarckian. Ever since some people began
to draw parallels between biological and cultural evolution, this particular idea
popped up again and again. For instance, Anthony O'Hear writes:
[H]uman culture, opposed to biological development, can be seen in
broadly Lamarckian terms, as involving the transition through
tradition and education of what has been learned in the experience of
earlier generations. (1995, 453)
Gould, O'Hear and others argue that the typical feature of Lamarckian cultural
evolution is that information (e.g., ideas, skills, practices, etc.) which is
acquired in one generation can be transmitted to the next. Cultural and
scientific evolution are propelled by the Lamarckian principle of inheritance of
acquired characters.20 It seems that these authors have a point. It is true that
we can hand down acquired ideas to future generations. But note that this
observation is not in conflict whatsoever with the view which I have outlined
in the present Chapter. I also believe that, on closer scrutiny, it becomes less
clear what we gain by calling scientific evolution 'Lamarckian'. To see this,
we have to take a closer look at what Lamarckian inheritance really is.
Lamarck believed that the origin of organic changes and their transmission to future generations were the result of two basic mechanisms, viz., (i)
the principle of use and disuse, and (ii) the principle of inheritance of acquired
characters. The principle of use and disuse states that the frequent and
continuous use of any trait or organ gradually strengthens, develops, and
enlarges it (the classic example is the giraffe's neck), whereas the permanent
disuse of any trait or organ gradually weakens it, and progressively diminishes
its functional capacity until it finally disappears. The principle of inheritance
of acquired characters states that all these acquisitions or losses induced by the
first principle are communicated to the germ cells, and then are transmitted
(by sexual reproduction) to the new individuals that arise, provided that the
20

In a similar fashion, the biologist Peter Medawar (1977, p. 14) writes: 'Human
beings owe their biological supremacy to the possession of a form of inheritance
quite unlike that of other animals: exogenetic or exosomatic heredity. In this form of
heredity information is transmitted from one generation to the next through nongenetic channels - by word of mouth, by example, and by other forms of indoctrination; in general, by the entire apparatus of culture. [...] Apart from being
mediated through nongenetic channels, cultural inheritance is categorically distinguished from biological inheritance by being Lamarckian in character; that is to say,
by the fact that what is learned in one generation may become part of the inheritance
of the next. This differentiates our characteristically human heredity absolutely from
ordinary biological heredity.'
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acquired modifications are common to both sexes. By consequence,
Lamarckian evolution is directed and swift: each new offspring can immediately profit from what their parents have learned or acquired - they are
already preadapted to their changing environment. Hence in Lamarckian
evolution there is no need for a wasteful and indirect random-variation-andselective-retention process. According to Lamarck, organisms are not only
able to adjust themselves to environmental changes, they are also able to
transmit these acquired phenotypic adjustments genetically to their offspring.
As we have seen in §§ 5 and 23, Lamarck was wrong. At the end of
the 19th century Lamarck's theory of inheritance was proven false by the
German biologist Weismann. In a somewhat crude yet effective experiment,
Weismann cut off the tails of 22 generations of mice and showed that the tail
length was not affected at all by the loss in each generation. Lamarck's
principle of inheritance of acquired characters and Darwin's theory of pangenesis did not work.21 Weismann therefore proposed his own germ plasm
theory of inheritance which states that nothing that happens to the body cells
can be communicated to the sex cells and their nuclei. Differently put, there
are causal arrows leading from genotype to phenotype, but not the other way
around. Sadly, Weismann's contemporaries were not convinced. It was not
until the completion of the Modern Synthesis that the germ plasm theory
became one of the most important doctrines of molecular biology. Its modern
version states that information contained in the properties of somatic proteins
cannot be transferred to the nucleic acids of DNA. Hence nowadays biologists
say that inheritance is Weismannian.
Now let us return to the question whether scientific evolution is
Lamarckian. I believe it is not. As Hull (1988b, 453-454) points out, for
scientific evolution to be Lamarckian in a literal sense, the ideas that scientists
acquire during their lifetime must somehow become programmed into their
germ cells and then transmitted, by sexual reproduction, to subsequent
generations. Of course, this is not what Gould and others have in mind. That
is, they believe (like I do) that the mode of transmission is memetic (i.e.,
proceeding by written and spoken word) rather than genetic. Hence, because

21

Darwin was strongly influenced by Lamarckian ideas, especially because there
was no other plausible theory of inheritance available at the time. Thus for several
years Darwin adopted the theory of pangenesis in order to provide a mechanism by
which the inheritance of acquired characters might be explained. He suggested that
small atomic 'pangenes' or 'gemmules' derived from all the tissues and organs
throughout the body are incorporated into the parental gametes (sex cells). When
fertilization occurs and parental gametes unite, these pangenes would then spread out
to form the tissue and organs of the offspring. Cf. M.W. Strickberger 1996, pp. 2632.
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ideas leave the genetic material untouched, the claim that scientific evolution is
Lamarckian must be understood analogically. But taken analogically, scientific
evolution is not Lamarckian either because ideas are generally held to be the
counterparts of genes, not phenotypic characters. After all, what is being
transmitted is information. To call scientific evolution 'Lamarckian' only leads
to confusion. In the literal interpretation, ideas are viewed as acquired characters which can be transmitted, but not inherited; in the metaphorical
interpretation, ideas are viewed - analogically - as heritable genes, not
phenotypic characters. Social learning can be made to look Lamarckian only
by mixing the literal and the metaphorical interpretation. Hull writes:
Only if such things as ideas and practices are interpreted simultaneously as literal characters and metaphorical genes can cultural
transmission be viewed as an example of Lamarckian inheritance.
Perhaps biological and cultural evolution differ in several important
respects. However, terming any of these differences 'Lamarckian'
serves only to mislead. (1988b, 454. Italics in original.)22
Instead of mixing literal and analogical interpretations of evolution, we
should better concentrate solely on the analogical one. In the view which I
have outlined in this thesis, scientific change is analogous to Darwinian
evolution. The way in which ideas are generated, selected, and transmitted to
subsequent generations of scientists parallels the way in which genes are
generated, selected, and transmitted to subsequent generations of organisms.
So in both kinds of evolution we encounter the same basic VST-algorithm.
Hence I believe that there is no disanalogy between biological and epistemic
evolution since beneficial mutations which occur in the germ cells (eggs and
sperm) during the organism's lifetime are passed on to its descendants just as
new successful ideas are passed on to future generations of scientists belonging
to a particular discipline. Yet the crucial - Darwinian - point is that, in both
processes, variation is subject to cumulative selection, a process which will
gradually result in an increase of knowledge (in the broadened sense) about the
natural world. So the Darwinian view of epistemic evolution, which I advocate, already adequately captures the ways in which information (whether
genes or ideas) is carried from one generation to the next. We do not need the
additional assumption that there are also Lamarckian factors involved. In
short, I agree with everything that Gould, O'Hear and others say, save their
claim that cultural-scientific evolution is Lamarckian.

22

See also: Hull 1982, pp. 308-312. Hull 1988a, pp. 144-145. W. Callebaut 1993,
pp. 423-431.
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With Hull one suspects that authors who claim that scientific evolution
is Lamarckian actually have a caricatured sense of this term in mind, i.e.,
scientific evolution is intentional. Just as giraffes increased the length of their
necks by striving to reach leaves at the tops of trees, scientists work out
problems by striving to solve them. But if some form of 'striving' is sufficient
for Lamarckian evolution, we might as well call the behaviour of the cheetah
or the gazelle 'Lamarckian'. If the development of science is an evolutionary
process in its own right, we better classify it - analogically - as Darwinian
rather than Lamarckian. If scientific change were governed by Lamarckian
principles in the metaphorical sense, each new epistemic variant would be
preadapted to the demands and problems of the scientific discipline concerned.23 Recall that in Lamarckian evolution a wasteful VST-process is
absent because Lamarckian evolution proceeds by direct instruction rather than
indirect selection. Unfortunately, newly proposed ideas and hypotheses are not
directed or 'preadapted' in this way. There is a clear teleological component in
science, but it is counteracted by the fact that striving does not automatically
guarantee success. Scientific development, like biological, is the result of
Darwinian selection rather than Lamarckian instruction.
In previous Chapters I demonstrated that although scientists can anticipate the future to some extent, they are certainly not clairvoyant. Epistemic

23

This reminds us of Stephen Toulmin's (1972) coupling thesis (§ 46, footnote 2).
Toulmin argues that in scientific evolution variation and selection are coupled,
whereas in biological evolution they are decoupled. In the epistemic sphere novel
variants are guided because they seem to anticipate certain needs. By contrast, in the
biological domain there is no correlation between the variants that arise and the
specific demands of the environment, i.e., they are blind. What Toulmin wants to
point out is that scientists deliberately try to solve problems whereas genes or
gametes do not. Contrary to biological variants, epistemic variants are generated
intentionally, i.e., they are guided. Surely one can agree with Toulmin that scientists
act intentionally. Yet I believe that purposiveness not automatically excludes
randomness (§ 31). It is only in retrospect that science appears to be a guided
process. A survey of any particular discipline's history will show that the rare
successes are dwarfed by myriads of mistakes. So intentional problem-solving does
not automatically guarantee success. In any case, Toulmin does not claim that
scientific evolution is Lamarkian. Scientific evolution, in his view, is still Darwinian
because the decoupling of variation and selection is only typical for biological
evolution and not for Darwinian evolutionary processes as such. Biological evolution
may exhibit a decoupling of variation and selection, other kinds of Darwinian
evolution need not. According to Toulmin (o.e., pp. 339-340), the key feature of
Darwinism is the populational approach. Subsequently, we can go on to distinguish
between the 'coupled' and 'decoupled' kinds of evolution. Scientific evolution is an
example of the former, biological evolution an example of the latter.
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variants are random in a genuine sense because there is no a priori indication
which hypotheses and methodological procedures will be selectively retained.
Of the countless ideas actually proposed in science, only a few are able to
outlive the ensuing selection mechanisms which separate the wheat from the
chaff. It is only when we contemplate the rare successes that science appears
to be a directional process. To be sure, I do not claim that hypothesis formation is completely unconstrained. In both the biological and the scientific
realm already existing knowledge will channel future developments in certain
directions rather than others (§§ 33-34). Yet these biases leave enough
margins for a genuine Darwinian trial & error process in either domain. In
short, scientists generally act as intentional as can be imagined, but this goaldirectedness will not prevent that science is governed by Darwinian principles
rather than Lamarckian ones. I therefore believe it is wrong, or at least
misleading, to say that cultural-scientific evolution is Lamarckian.
Now the final obstacle has been removed, we may conclude that the
analogy with respect to transmission can be rightfully sustained. Critics of
evolutionary epistemology are mistaken when they say that there are fundamental disanalogies between genetic and epistemic transmission. Both
processes are essentially replication sequences which result in lineages,
whether genetic or conceptual. Moreover, both processes are characterized by
genealogical relations. So it is not true that counterparts of inheritance and
descent are absent in epistemic evolution. In both the biological and the
scientific realm we encounter historical entities (i.e., species and disciplines
respectively) which gradually transform in time without losing their individuality. The various stages of these evolving historical entities are related
by descent. Hence in order to trace such lineages, one has to concentrate on
causal relations rather than on overall similarity.
More importantly, I believe I have shown that science is driven by the
same kind of mechanism as biological evolution. My analysis of variation
(Chapter 4), selection (Chapter 5), and transmission (the present Chapter)
demonstrates that the three conditions for Darwinian evolution to occur are
present in the epistemic domain. Genuine Darwinian VST-algorithms are
therefore not solely confined to the narrow context of biology. I have argued
that Darwinian evolution is a knowledge-gaining or information-gathering
process. Thus, in science, VST-algorithms will ensure that the match between
a particular discipline and the part of the world it describes gradually
increases. If the world interacts with the experiments and ideas of scientists,
and hence plays a role (however slightly) in determining which variants will
be retained, science will become progressively better at describing and
explaining the world in which we find ourselves. Accordingly, rationality in
science will show itself in the manner in which epistemic variants are exposed
to critical selection, i.e., the ways in which some variants are rejected and
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others are incorporated into the body of the discipline concerned. In the
closing Chapter of this dissertation, I will deal with the issue of progress.
Science may be propelled by the same VST-algorithm as biological evolution,
but there remains one final anomaly. Apparently, scientific evolution is
progressive whereas biological evolution is not.
Summary
Critics of evolutionary epistemology argue that the analogy with respect to
transmission falls short because there is no true inheritance in the scientific
domain. It is only in the biological realm that we encounter the appropriate
mechanisms of heredity and descent. A further objection is that epistemic
evolution is Lamarckian rather than Darwinian: human beings can transmit
learned and acquired information directly to the next generation. The
propagation of ideas is therefore completely different from the propagation of
genes. As a result, ideas may be transmitted among persons belonging to
different groups: cultural and scientific evolution exhibit the additional feature
of cross-lineage borrowing. Hence, because there are prominent differences
between conceptual and genetic transmission, the analogy breaks down.
Toulmin was the first philosopher to argue that genealogical relationships are as common to epistemic evolution as to biological evolution. Scientific disciplines maintain their identity and rational coherence, not by some
fundamental tenets or everlasting essences, but by genealogical links. Toulmin
states that conceptual systems do not consist of formally interwoven clusters of
concepts and theories which are accepted or rejected as a whole. The
populational approach provides a more realistic picture of conceptual change
according to which scientific disciplines are gradually and continuously
transformed without losing their identity. Scientific disciplines, like biological
species, are historical entities: they maintain their rational coherence and
individuality despite all the profound changes they may undergo. The various
stages of a discipline's history are related by descent. Thus the only way to
unravel the enigma of continuity-through-change is to adopt an evolutionary
and populational approach to scientific development.
Hull elaborated Toulmin's ideas. Hull calls the entities which result
from replication sequences 'lineages'. A lineage is an entity that persists
indefinitely through time either in the same or an altered state as a result of
replication. Biological species are paradigm lineages. Because everything
about a species might change in time, the proper way to classify them is in
terms of descent. To count as a member of a particular species, an organism
has to be part of a specific genealogical branch. The crux is that the lineage is
basic, overall similarity secondary. The same story holds for scientific
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evolution. Two ideas may have the same overall content, but that does not
automatically imply that they belong to the same conceptual lineage. To count
as a member of a conceptual lineage, an idea (or a scientist) has to be part of
(or take part in) a specific conceptual replication sequence. Still, despite all
changes which inevitably occur, we can individuate evolving systems by
choosing a particular type specimen (whether biological or conceptual) and
trace out its genealogical relations.
Authors who believe that cross-lineage borrowing is a typical feature of
cultural-scientific evolution are mistaken. Cross-lineage borrowing, or
hybridization, occurs in the biological realm as well. Current estimates suggest
that at least 10 per cent of animal species and more than 20 per cent of plant
species hybridize in nature. At the same time, cross-lineage borrowing in
science is probably not as easy and recurrent as some authors proclaim. A
complete merger of two conceptual lineages, as in the case of the Modern
Synthesis, happens only rarely. Hence there is no significant disanalogy.
The common belief that scientific evolution is Lamarckian can only be
sustained by mixing literal and analogical interpretations of evolution. I
believe that this claim only leads to confusion. Hence we should better focus
solely on the analogical interpretation. In this thesis I have argued that
scientific change is analogous to Darwinian rather than Lamarckian evolution.
The Darwinian view of epistemic evolution which I support already adequately
captures the ways in which information (whether genes or ideas) is conveyed
from one generation to the next. We do not need the additional assumption
that there are also Lamarckian factors involved. The way in which ideas are
generated, selected, and transmitted to subsequent generations of scientists is
analogous to the way in which genes are generated, selected, and transmitted
to subsequent generations of organisms. It seems that people who claim that
scientific evolution is Lamarckian in fact mean that scientific evolution is
intentional. Science is surely a goal-directed enterprise, but it is not clear what
we gain by calling it 'Lamarckian'. Science, as an evolutionary process in its
own right, is Darwinian rather than Lamarckian. Scientists proceed by indirect
selection rather than direct instruction. Epistemic variants are not directed or
preadapted in a Lamarckian sense: scientists can anticipate the future to some
extent, but they are not clairvoyant. At any time, of the countless ideas and
hypotheses actually proposed in science, only a small minority will be selectively retained.
The analogy with respect to transmission can therefore be maintained.
Science is driven by the same kind of mechanism as biological evolution. This
means that genuine Darwinian VST-algorithms are not solely confined to the
context of biology. Wherever you find variation, selection, and transmission,
you will find Darwinian evolution. I have argued that Darwinian evolution is
essentially a knowledge-gaining process. In science, VST-algorithms will
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ensure that the match between a particular discipline and the part of the world
it describes gradually increases. If the world interacts with the experiments
and ideas of scientists, and hence plays a role in determining which variants
will be retained, science will become progressively better at understanding the
world in which we find ourselves.
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Progress, Providence, and Predestination
We grasp at the straw of progress (a desiccated
ideological twig) because we are still not ready
for the Darwinian revolution. We crave progress
as our best hope for retaining human arrogance
in an evolutionary world. (Stephen Jay Gould 1996, 29)

52. The war of nature
'Never use the words higher or lower.' Charles Darwin wrote down this
significant note around the year 1845 in his copy of Vestiges of the Natural
History of Creation, a popular study on the evolution of species written in the
vein of Herbert Spencer and Jean Baptiste de Lamarck.1 It is often said, and
the opening quote gives every reason to think so, that Darwin discarded every
notion of evolutionary progress and that this idea is expressed explicitly in the
Origin. However, nothing is further from the truth. For example, in the
famous last paragraphs of the Origin (first edition) Darwin writes:

1

As became clear only years later, Vestiges (referring to the fossil remains of
extinct animals and plants) was written by the Scottish publisher Richard Chambers
(1844), a fervent amateur evolutionist. Chambers had published his book
anonymously, as a result of which there had been rumours buzzing for quite some
time about who might be the author - a circumstance that did not exactly soothe Darwin's fragile state of mind. After all, in those years Darwin already struggled extensively with the question how to present his discovery of the principle of natural
selection to a God-fearing and conservative Victorian public. It was not until April,
1856 that he cut the knot. It had to be a monumental, and probably many-volumed,
study on the origin and transmutation of species, to be called Natural Selection, with
convincing evidence from so many different sources that the scientific world just had
no other option than to change its mind. Two years later - he then had finished the
first ten bulky chapters of his 'Big Species Book' - Darwin received the famous
letter (with manuscript) from Wallace, who at that time was collecting specimens in
the Moluccas. As it turned out, Wallace too had discovered the principle of natural
selection, a predicament which compelled Darwin to blow the whistle on his
monumental study and instead write at full tilt an 'Abstract' which we now know
under the name The Origin of Species. Nevertheless, the scientific world was
convinced almost instantly. Cf. A. Desmond & J. Moore 1991, p. 320 ff. E. Mayr
1991.
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And as natural selection works solely by and for the good of each
being, all corporeal and mental endowments will tend to progress
towards perfection. [...] Thus, from the war of nature, from famine
and death, the most exalted object which we are capable of conceiving, namely, the production of the higher animals, directly follows. (1859, 459)
Similar remarks can be found all through Darwin's writings. As Robert
Richards (1988; 1992), Michael Ruse (1996), and Stephen Jay Gould (1996)
convincingly demonstrate, the idea that Darwin terminated for good the belief
in evolutionary progress is simply founded on a carefully fostered myth. Just
like Lamarck and Spencer, Darwin believed that the evolutionary process
exhibits progress and that Man (particularly the British, white, protestant
male) was the culmination of evolution. Richards, Ruse, and Gould argue that
Darwin was still too much captivated by 19th century Victorian optimism to
be able to make the last, decisive step. Nowadays, these authors say, it is
evident that biological evolution exhibits no genuine progressive tendency. Let
alone that Homo sapiens brittanicus would be the crown on the evolutionary
process.
I agree with these authors that, in the past, ideas about evolutionary
progress often were clouded by erroneous anthropocentric assumptions and by
unfounded beliefs about Divine providence and predestination. Yet I question
their conviction that we should expel the notion 'evolutionary progress' once
and for all. I will argue that if we view biological evolution as a knowledgegaining algorithm, a more sophisticated and objective notion of progress
emerges, a notion which to my mind has been overlooked by most contemporary theorists. The fact that life continuously tends to expand and diversify
into regions formerly unexplored, means that the amount of information about
the world stored in the DNA of organisms has increased. I will demonstrate
that the various objections formulated by Ruse, Gould and other theorists do
not pertain to this particular notion of evolutionary progress. Moreover, I
believe that my view of evolutionary progress sustains the analogy between
biological and scientific change. Bom processes are progressive in the sense
that they involve a steady increase of information about the world. After all,
natural science too tends to expand and diversify by probing into regions of
the world which were formerly unknown. In sum, I argue that progress is a
characteristic of both biological and scientific evolution because both processes
involve an effective exploration of the world by means of Darwinian selection
mechanisms.
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53. Universal Darwinism
We have seen that evolutionary epistemology (in its version of evolutionary
philosophy of science) tries to draw links between biological evolution and
scientific change. More specifically, evolutionary epistemologists argue that
there is a close resemblance between the processes of adaptive evolution and
the cumulation of scientific knowledge. One of my aims in this dissertation
was to underpin this particular analogy. Following Donald Campbell and
others, I have argued that in both the biological and the epistemic realm,
variation-selection-and-transmission algorithms are responsible for the
increased fit between the dynamic system in which the VST-algorithm operates
on the one hand, and the objective world on the other. To put it less technically, I believe that both knowledge and adaptation are the result of Darwinian
sieving processes. In either case, increased information about the world is the
result of the following, not necessarily deliberate, procedure: continuously try
out alternative variants, hold on to what works, and always try to improve the
present situation. Darwinian VST-algorithms are essentially knowledge-gaining
or information-gathering processes: they scan the world in search for
regularities and invariant properties.
The notions 'fit' and 'fittingness' (not to be confused with fitness) refer
to a weak form of correspondence. I have argued that the concept of
knowledge should be broadened: all instances of adaptive evolution are
instances in which knowledge has been gained (§ 9). So knowledge does not
necessarily involve language, representation, or truth. Knowledge properly
(i.e., evolutionarily) understood is any process which accumulates information
about the world - information which is stored in some kind of medium or
carrier and can be transmitted to subsequent generations. Adaptation is such a
process, but it neither involves language, nor representation, nor truth. For
instance, it would be inappropriate to say that a particular adaptation (say, the
polar bear's white fur) is true or false. Nevertheless, we can still employ the
notion of correspondence, albeit not in the traditional sense according to which
thought and language mirror the world. Fittingness is a weak form of correspondence, but it still captures the basic realist intuition that the conditions
of correspondence (partly) depend on the properties of a prestructured world.
So, although we cannot say that a particular adaptation is true or false, we can
say that an adaptation fits or matches an environment.
In Chapter 2 I have shown that human knowledge is not a direct result
of biological evolution in the sense that an increase in knowledge enhances
someone's chances of survival and reproduction (§ 15). On a certain, fundamental level this may perhaps be true, but it is difficult to see how modern
science could contribute to one's fitness in any sense. I have demonstrated that
at a certain degree of biological organization, new, additional VST-algorithms
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emerge, with the result that Darwinian selection processes can occur, not only
in biological evolution, but on 'higher' levels as well. As we have seen in §
23, modern immunology has revealed that the immune system of vertebrates is
largely based on Darwinian principles. To be able to keep up with the rapid
generation time of viruses, a VST-algorithm that functions on the genetic level
(which for vertebrates has a relatively long generation time) is not sufficient.
Fortunately, an additional and much faster working VST-process that functions
on the organic level can keep pace.
On the even higher level of human culture, technology, and science,
something similar happens. In this sphere too one finds abundant variation (in
hypotheses, concepts, and procedures, etc.); a winnowing process (rational
selection); and a replication mechanism (written or spoken word). So it is
important to realize that the epistemic realm has its own VST-algorithm (§
17). Scientific change is not directly linked to biological evolution: knowledgegaining is a Darwinian selection process in its own right. But the reverse is
also true: Darwinian natural selection is a knowledge-gaining process in its
own right.
In the previous three Chapters I have dealt extensively with opponents
of evolutionary epistemology. These critics severely doubt whether such
models as described above will yield any significant results. They argue that,
apart from a few superficial similarities, there are many fundamental differen
ces between biological evolution and scientific change. Yet I believe that these
critics are mistaken. To my mind a strong analogy can be sustained. I have
analyzed the three key ingredients of the Darwinian recipe in detail and I have
reached the conclusion that random variation, cumulative selection, and
transmission indeed are present in the epistemic sphere. Of course, there are
many obvious differences between biological and scientific evolution (for
instance, historical sequences in the epistemic realm will often, but not
always, change more rapidly than those in the biological domain), but that
does not alter the fact that in both cases the underlying mechanism is the
same, viz., universal Darwinism.
Nevertheless, as became clear in the opening section of this Chapter,
there still seems to remain a major controversy - the issue of progress. After
all, even if science is propelled by genuine Darwinian VST-algorithms, a
discrepancy between both kinds of evolution persists: scientific development
exhibits progress whereas biological evolution, according to most contem
porary theorists - George С Williams (1966) in front - does not. That is the
reason why Ruse (1986) is extremely sceptical about the possibility of a
fruitful comparison between biological and scientific evolution. Ruse maintains
that, in contrast to scientific change, biological evolution does not exhibit
progress. Hence he believes that any attempt to draw analogies between these
two processes is destined to fail. Yet, appearance to the contrary, to my mind
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this pessimistic conclusion lacks a solid underpinning. In the remaining
sections, therefore, I scrutinize whether there really is a discrepancy between
the two kinds of evolution in this respect.
54. Replaying the tape of science
In a well-known passage in the postscript of The Structure of Scientific
Revolutions, Thomas Kuhn (1970, 205-206) compares biological evolution
with the development of natural science. Imagine an evolutionary tree, Kuhn
says, that represents the development of the modem scientific specialities from
their common origins. A line drawn up that tree, from the trunk to the tip of
some branch, would trace a succession of theories related by descent.
Moreover, Kuhn believes that one could discern progress: considering any two
such theories (chosen from points not too near their origin), an uncommitted
observer easily could distinguish the earlier from the more recent theory time
after time. The criteria that would enable one to discriminate them, for
example, would be: explanatory and predictive power, problem-solving ability,
empirical success, consilience, etc. Kuhn believes that later theories generally
are better than earlier ones - and who would want to contradict him? Kuhn
concludes the paragraph with the words:
[Scientific development is, like biological, a unidirectional and
irreversible process. Later scientific theories are better than earlier
ones for solving puzzles in the often quite different environments to
which they are applied. That is not a relativist's position, and it
displays the sense in which I am a convinced believer in scientific
progress, (o.e., 206)
At the time Stephen Toulmin (1972, 322 ff.) was highly offended by
Kuhn's statement. Toulmin argues that Kuhn's comparison falls short because
his ideas about biological evolution are hopelessly obsolete. According to
Toulmin, biological evolution may be irreversible, but it certainly is not
unidirectional, let alone progressive. Toulmin (o.e., 336) argues that Kuhn
models his view on science after an outdated, 19th century, notion of
evolution. Kuhn's evolutionary account of scientific change, that is, remains
within the providentialist tradition of Lamarck, Spencer, and Marx. Suppose,
Toulmin (o.e., 323) writes, we are confronted with two unfamiliar organic
forms from different positions along a branch of the evolutionary tree. Would
an uncommitted observer be able to distinguish the earlier form from the more
recent one? Toulmin believes he would not. Toulmin rightly argues that in
biological evolution it is often difficult or even impossible to tell which
organism is the older and which the descendant. A particular species which is
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morphologically quite simple and uncomplicated may for instance be descended from a more complex earlier one. So biological evolution is not
unidirectional in the sense that the process necessarily involves a steady
increase in complexity or adaptedness. Extinct species like the dinosaurs were
not less complex or less adapted to their environment than any extant species.
The dinosaurs did not have bad genes but bad luck. It is now widely recognized that their demise was caused by the impact of a huge asteroid, some 65
million years ago.2 Hence to suggest that biological evolution exhibits an
overall impetus towards increased complexity is to backslide to a providential
Law of Progress which supposedly drives all living creatures to an ultimate
goal or destiny.
So, contrary to most other critics, Toulmin implicitly suggests that
Kuhn's ideas about science are not relativistic enough! After all, to uphold the
analogy, Kuhn would have to say that the development of science is not
confined to one (predestined) direction, and hence, that there may be many
alternative (perhaps even incompatible) routes. Consequently, the establishment of our most fostered contemporary theories would be as radically
contingent as, say, the extinction of the dinosaurs or the appearance of Homo
sapiens. Paraphrasing Stephen Jay Gould, Kuhn should actually say something
like this:
Replay the tape of science a thousand times - you will never again end
up with relativity theory, evolutionary biology, or quantum
mechanics.
Again, it seems that I am stuck with the dilemma mentioned above. On
the one hand I want to defend a strong analogy between organic and scientific
change, which in my opinion are both the result of selection processes. Yet,
on the other hand, I want to do justice to our basic intuition that science is
progressive. In other words, it seems that if one wants to draw parallels
between biological and scientific evolution, one is forced to say that scientific
development, like biological evolution, does not exhibit progress. Some
philosophers, like Todd Grantham (1994), take this easy way out of the
dilemma, a route which to my mind is false. Others, such as Ruse, prefer to
avoid the problem altogether because they simply regard it as a waste of time.
Yet in this Chapter I want to explore the second and perhaps somewhat more
difficult way to restore the analogy, namely the possibility that biological
evolution, like scientific change, exhibits progress. I will argue that this is the
case, and hence, that the final alleged discrepancy between biological and
scientific evolution disappears.

2

Cf. D. Raup 1991. N. Eldredge 1991.
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The quarrel between Kuhn and Toulmin shows that any talk of
evolutionary progress becomes a perilous undertaking if it is not totally clear
what this notion means. Of course, we may agree with Toulmin and others
that biological evolution is not predestined and that Divine providence, cosmic
purposes or final causes are absent. Still, we may question whether these are
sufficient conditions for a total lack of any form of progress. In short, before
we can say whether biological evolution is progressive or not, we first have to
formulate an adequate definition of 'evolutionary progress' which is compatible with the Darwinian paradigm.
55. Evolution and escalation
Darwin himself sought the main reason for progressive trends in what
nowadays is called 'biotic competition', that is, competition between organisms belonging either to the same or to different species. (This in contrast
with 'abiotic competition' where organisms continuously struggle with the
conditions of the inanimate, physical environment.)3 Darwin believed that in
the harsh competitive struggle between different organisms there always is a
premium on every slight improvement in biomechanical design (for instance,
the ability to run faster, greater stamina, enhanced brain capacity, etc.).
Darwin used the metaphor of a wedge to emphasise the power and efficiency
of this process. He depicts nature as a surface covered with razor-sharp
wedges which have been driven into the ground by brute force and fill all
space. A new species (depicted as a homeless wedge) can only find a spot on
the surface by pounding itself in and forcing another wedge out. In 1856
Darwin wrote in the manuscript of what was to become his big 'Species
Book':
Nature may be compared to a surface covered with ten thousand sharp
wedges [...] representing different species, all packed closely together
and all driven in by incessant blows [...] sometimes a wedge [...]
driven deeply in forcing out others; with the jar and shock often
transmitted far to other wedges in many lines of direction.
(Manuscript from 1856, published by R.C. Stauffer 1975.)
In the Origin Darwin summarizes his views on natural selection, wedging, and
progress as follows:

3

Cf. S.J. Gould 1996, p. 142.
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The inhabitants of each successive period in the world's history have
beaten their predecessors in the race for life, and are, in so far, higher
in the scale of nature; and this may account for that vague yet illdefined sentiment, felt by many palaeontologists, that organisation on
the whole has progressed. (1859, 343)
Several contemporary evolutionary biologists have further elaborated
Darwin's ideas. For instance, Richard Dawkins (1982; 1986) speaks of 'arms
races' and Geerat Vermeij (1987) calls the process Darwin referred to 'escalation'. Arms races and escalation open the door to explosive, runaway,
evolution where every accidental improvement in design immediately pays off.
Classic examples are the (literal) race between the cheetah and the gazelle or
the competition for sunlight between different trees in the rainforest. The
former example may be called an asymmetric race, i.e., a competition
between different species of organisms with incompatible interests. The
relation host-parasite is another example of an asymmetric race. The competition between the trees in the forest, on the other hand, is an example of a
symmetric race, i.e., a competition between similar organisms for the same
food or energy sources.4
One therefore is tempted to conclude that biotic competition leads to
progress in design, i.e., the escalation lifts the design of the organisms in
question to a higher level. Of course, the net result of such contests may often
remain the same: Because there is progress on both sides of the arms race,
there is no progress in overall gain or success. Still, in a time span of
hundreds of thousands of years, both the cheetah and the gazelle are better
equipped for their respective tasks. The biologist Leigh van Valen (1973)
therefore calls such a process appropriately 'The Red Queen Effect'.5
However, for various reasons it is difficult to maintain that escalation
and arms races always lead to indubitable progress. For instance, to keep in
evolutionary pace with the gazelle, the gracile cheetah invested so much in
sprinting capacity that he was forced to give in on other vital points (like
4

Cf. R. Dawkins 1986, p. 185 ff.
In Lewis Carroll's Through the Looking-Glass [1872] (1992, p. 124) Alice and the
Red Queen run at a furious rate through the country without advancing even one
step - for the only way of staying at the same spot is to run as fast as possible.
"'Well, in our country,' said Alice, still panting a little, 'you'd generally get to
somewhere else - if you ran very fast for a long time, as we've been doing.' 'A
slow sort of country!' said the Queen. 'Now, here, you see, it takes all the running
you can do, to keep in the same place. If you want to get somewhere else, you must
run at least twice as fast as that!'" The Red Queen Effect may also occur in abiotic
competition where organisms continuously have to keep up with their changing
environments. Cf. R. Dawkins 1986, p. 183. M. Ruse 1996, pp. 488-494.
5
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strength and indomitability). Contrary to other big cats, the slain prey of the
cheetah is claimed relatively often by other predators and scavengers, such as
lions and hyenas (even baboons can easily cheat him out of his prey). As a
result, infant mortality is alarmingly high among cheetahs. In other words, the
cheetah's overspecialization might tum out to be an evolutionary cul-de-sac.
Moreover, it is not true that escalation always leads to a higher or more
complex biomechanical design. In fact, in the already mentioned race between
host and parasite one rather sees the opposite. Recall, the competition between
parasite and host is an asymmetric race, which means that both participants
have totally different, incompatible interests - the parasite tries to exploit the
host and the host tries to get rid of the parasite. In this awkward relationship
there have been a few remarkable developments. Various kinds of endoparasites, i.e., parasites which stay within the body of their host, such as
tapeworms (Cestoda), have shown in their evolutionary development a
decrease in biomechanical complexity. Such organisms no longer need limbs
and complex digestive organs because they have lodged themselves in a fixed
place, e.g., the bloodstream or intestines, where there is plenty of (already
digested) food.6
Some biologists often add a further objection against the idea of 'global'
progress, an objection which to my mind is false. They claim that biological
evolution is locally progressive at most, because organisms are merely
adjusted to local aspects of their environments. However, in my opinion this
view is false. The fundamentals of the environment are the same for all
organisms. As we have seen, organisms (whether animals, plants, fungi or
bacteria) are not only adjusted to local, temporal, and to some extent contingent aspects of their surroundings like climate, soil, and vegetation, but also to
global, invariant aspects which are found in most, if not all, earthly environments (§§ 19-20). One could think of the properties of substances like air and
water, seasonal changes, and the earth's gravitation, etc. Taken together, the
global aspects constitute the physical environment. All organisms necessarily
are adapted to the physical environment. What is more, the physical world
was a necessary prerequisite for the origin of life itself. Hence, in what follows, I abstain from the notions 'global' and 'local progress' because they do
not really clear things up. In the next section, I introduce a few distinctions
which might be of more use.
In any case, Darwin's principle of wedging is not a sound example of
progress. Surely, it is true mat escalation often results in better equipped
organisms and more complex design, but as we have seen, arms races and
escalation may also lead to risky overspecialisation, design flaws, and in some
cases even to a decrease in complexity. So we have to follow another course if
6

Cf. M. Ridley 1993, pp. 275-81. S.J. Gould 1996, p. 200.
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we want to show that there is real progress in the biological realm. To be
more precise, I believe that we should not concentrate on the phytogeny of
individual species, but on the evolution of life as a whole. But first and
foremost, we have to be ask ourselves what we mean when we employ the
notion evolutionary progress.

56. Standards of progress
The fact that biological evolution is directional and that the process is irreversible (Dollow's Law) is by no means a guaranty for progress. 7 After all, we
also find sequential and irreversible change in the anorganic, physical world,
but few people would claim that there is real progress in the latter domain.
The Second Law of Thermodynamics states that closed physical systems
exhibit a (what Arthur Eddington called) Time's Arrow: there is a constant
increase in entropy (the system moves to a state of equilibrium) and the whole
process is irreversible. A vase that falls of the table and shatters into a
thousand parts will never return on the table in one piece unless you put lots
of energy, patience, and above all glue into it.8
So progress implies directionality, but not the other way around.
Progressive change demands that a sequence is not merely directional and
irreversible, the change should also imply a certain 'improvement'. According

7

Dollo's Law, named after the Belgian paleontologist Louis Dolio (1857-1931), is a
statement about the statistical improbability of evolution following exactly the same
trajectory twice, in either direction. Evolutionary transformations are so complex
and contingent that any complete reversal to a former state is practically impossible.
Cf. R. Dawkins 1986, p. 94. S.J. Gould 1993a, pp. 91-92.
8
As Ruse (1996, pp. 186-187 and pp. 292-303) points out, several evolutionists
indeed believed that The Second Law of Thermodynamics is closely related to the
fundamentals of biological evolution. The pre-Darwinian evolutionist Herbert
Spencer, for instance, argued that his all-encompassing Law of Progress, which
states that heterogeneity arises from homogeneity, closely resembles the law in
physics (§ 5). The move towards stable equilibrium (and the shift from unstable
equilibrium), he argued, is simply the move from homogeneity to heterogeneity by
another name! Static equilibrium or full-blown heterogeneity, Spencer believed, is
the final state of the universe. Much closer to the mark, the geneticist Ronald
Aylmer Fisher, one of the architects of the Modern Synthesis, argued that his
Fundamental Theorem (i.e., a rule which states that the rate of increase in fitness of
any organism at any time is equal to its genetic variance in fitness at that time)
rather must be considered as a kind of inverse or mirror image of the law in
physics. The former rule predicts progressively higher organization in the organic
world, whereas the latter predicts increased disorganization in the physical world.
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to Francisco José Ayala (1988, 78), if we want to label a particular sequence
as being progressive, we are forced to employ a value judgement. The concept
of progress therefore contains two elements: (i) a descriptive element, i.e.,
there is directional change, and (ii) an axiological (or evaluative element), i.e.,
the change represents improvement. Before we take a closer look at the
axiological element, it may be helpful to make a formal distinction between
various kinds of progress that relate to the descriptive element, i.e., the
requirement of directional change.
The first distinction takes into account the continuity of the direction by
distinguishing between 'uniform' and 'net' progress. Uniform progress takes
place whenever every later member of the sequence is better than every earlier
member of the sequence according to a particular feature. Net progress does
not require that every member of the sequence is better than all previous
members and worse than all its successors. Net progress only requires that
later members of the sequence are better on average than earlier members.
Net progress thus allows periods of standstill or stagnation, as long as the
sequence exhibits mean progress. Some authors have argued that progress has
not occurred in evolution because, no matter what standard is chosen, fluctuations can always be found in every lineage. Yet, as Ayala (o.e., 79) rightly
points out, this argument is valid against the occurrence of uniform progress,
but not against the existence of net evolutionary progress.
The second distinction refers to the scope of the direction by distinguishing between 'general' and 'particular' progress. General progress is that
which occurs in all evolutionary lineages from the beginning of the sequence
until their end. Particular progress is that which occurs in one or several but
not all evolutionary lineages. So general progress would have occurred in
evolution only if there were some feature or standard according to which
progress can be predicated of the evolution of all life from its origin to the
present. If progress is predicated of only one or several, but not all, lines of
evolutionary descent, it is a particular kind of progress.9
I believe that both biological and scientific evolution exhibit net
progress and particular progress. That is, in both processes there are sequences which have stagnated during some period of their evolutionary history, and
in both processes there is progress in several, but not all evolutionary
lineages. But now I am running ahead of my arguments because we have not
yet specified a standard of progress for the biological domain.
As I already indicated in § 52, most contemporary biologists consider
any talk of evolutionary progress to be highly suspect, especially since G.C.
Williams (1966) in his classic Adaptation and Natural Selection allegedly
wiped the floor with it. A search for progress or degeneration in the non9

Cf. F.J. Ayala 1988, pp. 79-81.
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human realm would merely reveal the eye of the beholder. Yet I believe that
Williams mainly put an end to a strong anthropocentric and deterministic
notion of progress according to which man is the inevitable culmination point
of evolution. For instance, before Williams it was common to propose
standards of progress such as: bigger brains, increased environmental control,
emergence of social ties, consciousness, language, and culture, etc.10 So if
we would choose more objective standards of progress, that is, if we could
avoid an arrogant anthropocentric bias in our criteria, our inquiry may well be
respectable.
Ayala, an authority on the philosophy of biology, rightly argues that the
use of the notion of evolutionary progress is warranted as long as we realize
that there is not one single standard of progress and that, whatever standard
we choose, it always implies a value judgement. Furthermore, even if our
ideas about progressive evolution are value- and theory-laden, this does not
automatically imply that such ideas cannot be useful. Ayala writes:
Once one realizes that recognition of progress is only possible after a
value judgment has been made as to which will be the standard against
which progress is to be measured (and hence, that there is not a
standard of progress, or one that is best for all purposes), it becomes
possible to seek standards of progress that may yield valuable insights
into the study of the evolution of life. (1988, 90. Italics in original.)

10

For instance, in his Evolution: The Modem Synthesis, Julian Huxley (1942) argued
that evolutionary progress simply was inevitable and that it proceeded by a series of
advances to new levels until all possible levels but one had been achieved: '[B]y the
Pliocene only one path of progress remained open - that which led to man.' (o.e., p.
11.) In the final Chapter of his book, Huxley (o.e., p. 569) writes: 'One somewhat
curious fact emerges from a survey of biological progress as culminating for the
evolutionary moment in the dominance of Homo sapiens. It could apparently have
pursued no other general course than that which it has historically followed: or, if it
be impossible to uphold such a sweeping and universal negative, we may at least say
that among the actual inhabitants of the earth, past and present, no other lines could
have been taken which would have produced speech and conceptual thought, the
features that form the basis for man's biological dominance.' Moreover: 'The last
step yet taken in evolutionary progress, and the only one to hold out a promise of
unlimited (or indeed any further) progress in the evolutionary future, is the degree of
intelligence which involves true speech and conceptual thought: and it is found
exclusively in man. [...] Conceptual thought is not merely found exclusively in man:
it could not have been evolved on earth except in man.' (o.e., p. 570-571.) For a
critical comment, see: G.C. Williams 1966, p. 21 ff. W. Provine 1988. M. Ruse
1996, pp. 328-339.
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Here is a (not exhaustive) list of possible standards of progress which I have
found in the literature on biological evolution of the past five decades:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Increase of genetic information stored in DNA. (M.
Kimura)
Increase in the number of species. (G.G. Simpson; E.O.
Wilson)
Increase in total biomass. (E.O. Wilson)
Increase in the number of phyla. (E.O. Wilson)
Increase in biomechanical complexity. (J. Huxley; G.G.
Simpson)
Increase of adaptive traits coded per unit DNA.
(W.C.Wimsatt & J.C. Schänk)
Increase in adaptability. (C.H. Waddington; J. Huxley; T.
Dobzhansky)
Increase in effectiveness of adaptation. (J. Huxley; J.M.
Thoday)
Increase in the range of occupied niches. (E.O. Wilson)
Increase in parental care and non-genetical transfer of
information. (E. Mayr)
Increase in environmental control. (J. Huxley)
Increase of average taxon span and resistance to extinction.
(D.M. Raup)

As we have seen in § 55, proposal no. 5 is a non-starter, for it is
simply not true that later members of any evolutionary sequence are always
more complex than their predecessors (recall the example of the parasites).
Likewise, proposals nos. 10 and 11 are unsuitable because they are too
anthropocentric. I believe that especially nos. 3, 4, and 9 are relevant,
particularly because - taken together - they adequately capture the sense in
which biological evolution is a genuine knowledge-gaining algorithm. As I
remarked above, life indefatigably explores our planet's biosphere in the same
way as natural science constantly tends to expand and diversify into newly discovered regions of the world. So I suggest that we join the three aforementioned proposals, for the sake of convenience, which means that evolutionary
progress in the biological realm can be concisely defined als follows:
Biological evolution is progressive in the sense that life's history
exhibits diversification (increased number of phyla), expansion
(increased biomass), and exploration of unoccupied niches (increased
adaptive radiation).
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Note that my definition is no longer blatantly anthropocentric. In the
past the debate on evolutionary progress was obscured by the unwarranted
assumption that man was the pinnacle and intrinsic goal of evolution. Because
humans exist, it was said, there also must have been progress. For quite some
time the scala naturae (the Great Chain of Being) has played tricks on
Western Thought. Darwin included. For more than two thousand years it was
believed that the Supreme Being had created an unchanging hierarchy from
flatworm to man. In the 18th and 19th century, under influence of Lamarck
and Spencer, the Chain was placed in an evolutionary perspective and gradually there was less talk about providence, but the hierarchy, and the ideas about
preordination attached to it, remained largely unaffected."
Darwin and Wallace subsequently made an end to the belief in Divine
providence once and for all, but nevertheless, they too kept on flirting with the
scala naturae and the predestination of man. The general opinion was that the
lower organisms had evolved in order to bring about the highest organisms.
And there could be no mistake about what the highest organism and the
intrinsic aim of evolution was. Man was no longer modelled after the image of
God, but he was still the inevitable and ultimate destination of evolution. At
the end of the last century, Wallace, co-discoverer of the principle of natural
selection, could state without any scruples:
To us, the whole purpose, the only raison d'être of the living world with all its complexities of physical structure, with its grand
kingdoms, and the ultimate appearance of man - was the development
of the human spirit in association with the human body. (1889, 47)
Note in addition that, although my definition of progress lacks an
anthropocentric bias, it inevitably expresses a value judgment, formulated by a
particular species of vertebrate. We can talk about progress only after we have
chosen a criterium which enables us to assess macroevolutionary changes in
the organic world. So no matter how respectable and scientific our standards
of progress may be, they always keep a subjective character. After all, a
sceptic might say: suppose there really is a general tendency towards, say,
increased diversification, then the question remains why we should accept such
a tendency as progressive. Why is an increase in the number of phyla better
than a decrease? In the view of eternity it really does not matter all that much:
in a few billion years the sun will explode and every trace of life on earth will
be erased. Exit progress, according to the sceptic.

11

Cf. D. Hull 1988c. R. Richards 1992. M. Ruse 1996.
214

Progress, Providence, and Predestination
57. Four stages in the history of life
I believe that if we view biological evolution as a knowledge-gaining process
(see § 53), then the notion progress gets an important meaning: diversification,
expansion and a corresponding increase in the number of occupied niches
indicate that the information about the world, stored in the DNA of various
organisms, on the whole has increased. Note the important difference between
my standard of progress and the ones proposed by Motoo Kimura (1961) and
William Wimsatt & Jeffrey Schänk (1988). (Respectively nos. 1 and 6 of my
list.) Kimura argues that modern zygotes contain more information than, say,
Cambrian zygotes. Kimura thus suggests that Cambrian organisms were less
sophisticated (at least genetically) than extant ones. However, this view is
rather problematic. As G.C. Williams (1966) points out:
[A] 11 organisms of above a certain low level of organization - perhaps
that of the simpler vertebrates - and beyond a certain geological
period - perhaps the Cambrian - may have much the same amounts of
information in their nuclei. All such organisms have quantities of
DNA capable of carrying an enormous amount of information, and all
have ancestries of at least 10' years and an astronomical number of
generations that were subject to the same information-gathering force.
We can interpret evolution since the Cambrian as a history of
substitutions and [...] changes in the germ plasm, not an increase in
its total content. (1966, 42)
Yet, contrary to Kimura, I claim that information has increased because
nowadays there are simply more different kinds of species and phyla. So
whereas Kimura and Wimsatt & Schänk discern a qualitative increase of
information in depth, I mainly discern a quantitative increase in breadth.
Admittedly, at a certain moment in time the sun will expand and subsequently explode, big chunks of cosmic debris will continue to fall down,
fluctuations in solar activity will cause new ice ages or periods of massive
droughts. These, and other, large-scale disasters will continue to hinder the
evolutionary process, just as they have done in the past. Complete phyla will
be wiped out, which means that the process will have to start from scratch
again. Yet I believe that these calamities do not diminish the efficiency of the
evolutionary VST-algorithm in any sense. For instance, the paleontologist
George Gay lord Simpson (1949), one of the architects of the Modem Synthesis, has argued that in spite of the many misfortunes we see 'a tendency for
life to expand, to fill in all the available spaces in the livable environments,
including those created by the process of that expansion itself. ' (Note that, in
this view, the emergence of parasites is an indication of evolutionary progress,
despite their decreased anatomical complexity.)
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In his book The Diversity of Life, the world-renowned entomologist and
founder of sociobiology, Edward O. Wilson (1992, 171 ff.) demonstrates
among other things that life on earth has taken four important steps up till
now. The first and most important step occurred some four billion years ago:
the spontaneous origin of life itself out of prebiotic organic molecules. Yet the
first single-celled bacteria and blue-green algae (called prokaryotes) remained
the only life forms in the oceans for about two billion years. At first sight, this
apparent stagnation does not seem consistent with any claims about diversification and exploration, but as I already mentioned in § 18, one must bear
in mind that during this period complete VST-algorithms did not yet exist. It
is true that transmission (replication) took place, but there was no abundant
variation and hence no creative and cumulative selection mechanism. Because
the prokaryotes reproduced asexually, they merely made accurate copies of
themselves.
Still, there was not total stagnation. For example, several kinds of
photosynthesizing prokaryotes produced a rare gas that would turn out to be of
crucial importance for the further course of evolution, viz., oxygen. Besides,
contemporary cell biologists are convinced that several prokaryotes gradually
began to 'cooperate': some bacteria were swallowed, tamed and incorporated
by other prokaryotes. This process led to the second important stage of life on
earth: the origin of the eukaryotic cell. It is now widely recognized that
modern eukaryotic cell organelles like mitochondria and plastids originally
were bacteria which lodged themselves into other prokaryotes. The cell
biologist Lynn Margulis (1993), the brain behind these spectacular insights,
has called this process 'bacterial endosymbiosis'.
With the arrival of eukaryotic organisms, some two billion years ago,
the evolutionary process gained momentum. The introduction of germ cells
(gametes) and the invention of sexual reproduction automatically opened the
door to complete VST-algorithms. From then on the reshuffling of DNA by
means of genetic recombination became a fact. The result was the emergence
of tiny multi-cellar animals and plants, whose cells acquired new functions like
the production of tissue and organs.
The third important stage in history of life on earth is the so-called
Cambrian explosion: the sudden breakthrough and adaptive radiation of
macroscopic animals in the oceans within the period of a few million years.
This, by geological standards, explosive development took place roughly 550
million years ago. Exactly which factors made the Cambrian explosion
possible, is not yet completely clear. Genetic recombination and the presence
of sufficient oxygen in the oceans probably played a decisive role. (Aerobe
organisms bigger than a couple of hundred cells simply cannot survive in a
Precambrian-like biosphere with very small amounts of free oxygen.) An extra
impetus, of course, were the numerous unoccupied aquatic ecological niches
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which were there for the taking. Most modern anatomical body plans
(Baupläne), including those of the later land animals and man, originated
during that short space in time in the Cambrian oceans. After the oceans had
been explored, the continents and the lower atmosphere were conquered,
events which took place between 350 and 200 million years ago.
Wilson locates the fourth and, for the time being, final stage of life's
history in the evolution of consciousness in animals and man. From now on,
vital information could be transmitted non-genetically by means of imitation,
language, and culture. Cultural evolution thus assumed a life of its own. As I
argued in the previous Chapter, imitation and written or spoken word are
excellent transmission mechanisms: consciousness, language and culture make
additional VST-algorithms possible. Finally, through trial & error, blind
variation and cumulative selection, rudimentary forms of technology and
science emerged.
Wilson ends his discussion of the four stages of life on our planet with
a remark about evolutionary progress. It simply cannot be denied, he says,
that life on earth exhibits progress. All data point in the direction of increased
diversity, expansion, and exploration. In order to appreciate Wilson's arguments I quote extensively:
Some biologists and philosophers have trouble with that term,
'evolutionary progress.' The expression is inexact and loaded with
humanistic nuance, granted, but I use it just the same to identify a
paradox pivotal to the understanding of biological diversity. In the
strict sense, the concept of progress implies a goal, and evolution has
no goal. Goals are not inherent in DNA. They are not implied by the
impersonal forces of natural selection. Rather, goals are a specialized
form of behavior, part of the outer phenotype that also includes bones,
digestive enzymes, and the onset of puberty. Once assembled by
natural selection, human beings and other sentient organisms formulate goals as part of their survival strategies. Because goals are the
ex-post-facto responses of organisms to the necessities imposed by the
environment, life is ruled by the immediate past and the present, not
by the future. In short, evolution by natural selection has nothing to
do with goals, and so it would seem to have nothing to do with
progress.
And yet there is another meaning of 'progress' that does have
considerable relevance to evolution. Biological diversity embraces a
vast number of conditions that range from the simple to the complex,
with the simple appearing first in evolution and the more complex
later. Many reversals have occurred along the way, but the overall
average across the history of life has moved from the simple and few
to the more complex and numerous. During the past billion years,
animals as a whole evolved upward in body size, feeding and defen-
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sive techniques, brain and behavioral complexity, social organization,
and precision of environmental control - in each case farther from the
nonliving state than their simpler antecedents did. More precisely, the
overall averages of these traits and their upper extremes went up.
Progress, then, is a property of the evolution of life as a whole by
almost any conceivable intuitive standard, including the acquisition of
goals and intentions in the behavior of animals. It makes little sense to
judge it irrelevant. Attentive to the adjuration of C.S. Peirce, let us
not pretend to deny in our philosophy what we know in our hearts to
be true. (1992, 174-175)'2

58. The modal bacterium
In his recent book Full House, S.J. Gould (1996) presents a strong argument
that is in direct conflict with Wilson's conclusion. Gould and Wilson are not
just colleague biologists - they both are also professor and curator in the
Museum of Comparative Zoology at Harvard University. Yet Gould and
Wilson seem to have incompatible ideas about evolution. Hence it is not the
first time that these two renowned scientists have flown at each other. For
quite some time Gould has been conducting a crusade against all forms of
sociobiology, whereas Wilson continuously challenges Gould's hobby horse:
the Burgess Shale.

12

The renowned fossil record specialist David Raup (1988, p. 300) makes much the
same point: 'All published analyses agree that taxonomie diversity has increased by
several orders of magnitude since the early Precambrian and that the increase over
the past 600 million years (Phanerozoic time) has been substantial - by at least a
factor of three or four. Furthermore, it is widely agreed that the fossil record shows
the increase continuing to the present, with present diversity of the total biota being
higher than at any time in the history of life.' In addition, Raup suggests that
increase in average taxon span may be evidence of evolutionary progress (no. 12 of
my list in § 56). Taxa which originated more recently seem to survive longer in
geological time than earlier ones. Raup believes that taxonomie survivorship is an
appropriate metric of progress because it is an explicit measure of the success of a
taxon in the struggle to avoid the ultimate failure: extinction. Why average taxon
span has increased is yet unclear, but perhaps there is a relation between improved
resistance to extinction and increased adaptability (no. 7 of my list). Yet Raup (o.e.,
p. 301) warns us explicitly to be cautious with our claims about evolutionary
progress because there is more than one way to interpret the fossil record. That is,
we should recognize 'the risk of inadvertently deriving theoretical predictions of
evolutionary change from the very historical record we seek to explain.' See also:
Connie Barlow (Ed.) 1994, pp. 24-30 and pp. 50-58. For a critical commentary on
E.O. Wilson, see: M. Ruse 1996, pp. 507-525.

218

Progress, Providence, and Predestination
Gould (1989) argues that the fossils found in this rich site, a limestone
quarry in the Canadian Rocky Mountains, conclusively indicate that increased
diversity and expansion are merely an illusion. We see just the opposite, he
says. The number of basic anatomical blueprints actually has declined since
the Cambrian because among the 530-million-year-old fossils there are several
enigmatic sea animals that cannot be ranked under any existing groups according to Gould simply because these phyla have not survived up to the
present. In other words, not only did all modem phyla (estimated at approximately thirty) already exist during the Cambrian - there were many
others as well. So the conventional iconography of evolution since the
Cambrian is false. The traditional image of a cone of increasing diversity
should be replaced by an iconography of initial and maximal diversity (the
Cambrian explosion) and subsequent decimation of animal phyla. After the
sudden and unparalleled disparity during the Cambrian we see a consequent
decrease in the number of body plans. In short, Gould believes that, after the
Cambrian, life proceeded by elimination rather than by expansion.
Not surprisingly, Wilson (1992) refuses to accept this claim. In The
Diversity of Life he writes:
[T]he number of living animal phyla, all of which have representatives
in the sea, is about thirty-three. Of these, approximately twenty
comprise animals large and abundant enough to leave fossils of the
kind preserved in beds of the Burgess Shale type. The number of
Cambrian animal phyla identified with confidence remains at eleven.
To the best of our knowledge, no phylum has yet gone extinct. The
level of diversity in the sea inched upward after the Cambrian
explosion, and it also increased on the land after the assembly of the
coal forests and their insect and amphibian inhabitants. The greatest
rise in general has occurred during the past 100 million years. (1992,
182)13

13

At the time Gould (1993b) reviewed The Diversity of Life very favourably in
Nature: 'Wonderful writing - a great and fit work destined to survive and thrive well
into the next millennium.' He called Wilson a 'Prophet for the Earth'. Gould (1996,
pp. 27-29) kept his critical notes for his book Full House. For example, he now
writes: 'Wilson uses the oldest imagery of the progressivist view in epitomizing the
direction of life's history as a series of formal Ages - a system used by virtually all
popular works and textbooks in my youth, but largely abandoned (I thought), for
reform so often affects language first, and concepts only later.' According to Gould,
Wilson should know better: 'Ed and I have our disagreements about a variety of
issues, from sociobiology to arcana of Darwinian theory, but we ought to be allied
on the myth of progress, if only because success in our profession's common battle
for preserving biodiversity requires a reorientation of human attitudes toward other
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It seems that Wilson's view is closer to the mark. Recent fossil discoveries in the
Cheng-jiang beds of southern China, for instance, indicate that Gould has exaggerated the 'message' of the Burgess Shale. Since the publication of Wonderful Life
more and more puzzling Burgess Shale fossils, formerly not assignable to any known
groups, have been specified as belonging to existing phyla. For example, the
armoured creature Hallucigenia sparsa, which according to Gould's (1989, 153-157)
analysis walked on the sea floor supported by its seven pairs of struts, has been
placed among the Onychophora, the living phylum of caterpillar-like animals thought
to be intermediate between arthropods and annelid worms. The reason why Hallucigenia was not earlier recognized as such, was that Gould had misinterpreted the
animal's anatomy: the alleged struts actually were hard-pointed spines growing out
of the animal's back. All the time the creature had been looked at upside down! The
same demystifying story holds for other putative 'problematica' such as Amiskwia,
Anomalocaris, and Wiwaxia all of which recently have been placed among extant
phyla. In sum, both the Cambrian disparity of animal phyla and the subsequent
extinctions had been grossly overestimated. ' 4
But Gould has more than one string to his bow. Whereas in Wonderful Life
he tried to refute the myth of progress with the help of the fossils of the Burgess
Shale, in Full House (a 'companion volume' to his earlier book) he now employs the
weapon of statistics. Gould (1996) fervently argues that there neither is a tendency
towards diversification and expansion, nor a tendency towards greater complexity.
We should keep in mind, he says, that the dominant life form on earth is not man,
but the myriad kinds of bacteria. Indeed, Gould (o.e., 194) estimates that the total
bacterial biomass (even at such minimal weight per cell) might well exceed all the
rest of life combined! Moreover, bacteria were the first organisms to inhabit our
planet and they probably will last until the sun explodes. In other words, the
simplest organisms dominate, whereas complexity and diversification are rare
exceptions.
Gould believes that the erroneous belief in progressive evolution is based on
the simple fact that, as life began to diversify, only one direction stood open for
expansion. Life necessarily had to start right next to a wall of minimal conceivable
complexity, a place where the bulk of life - the modal bacterium - still resides, to
subsequently dribble away from it at random. Let us portray life's history in a
diagram, says Gould (o.e., 170-171), with the horizontal axis depicting the degree of
complexity that organisms exhibit and the vertical axis depicting the frequency of
occurrence. The result is an asymmetric bell curve which reaches its highest peak
right next to the vertical axis (the left wall of minimal complexity), to subsequently
plunge like an asymptote, first very steeply and then more gradually, to the right.
Gould concludes:

species - from little care and maximal exploitation to interest, love, and respect.
How can this change occur if we continue to view ourselves as better than all others
by cosmic design?'
14
Cf. E.O. Wilson 1992, pp. 180-182. D. Briggs et al. 1992.
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[W]e cannot regard progress as a central thrust and defining trend for life began with a bacterial mode next to the left wall of minimal
complexity; and now, nearly 4 billion years later, life retains the same
mode in the same position. The most complex creature may increase
in elaboration through time, but this tiny right tail of the full house
scarcely qualifies as an essential definition for life as a whole. We
cannot confuse a dribble at one end with the richness of an entirety much as we may cherish this end by virtue of our own peculiar
residence, (o.e., 148-149)
If we concentrate solely on the tiny right tail of the bell curve, we tend
to neglect the total variation of life (hence the title Full House). To be sure,
Gould does not deny that there may be an average increase in complexity, but
averages or means are inappropriate as measures of central tendencies in
strongly skewed distributions. A mode, i.e., the most common value is needed
to trace general trends. After all, increases in biomechanical complexity are
found in a few branches only. Accordingly, Gould believes that there is no
general thrust towards diversification, exploration, or increased complexity, let
alone towards progress. Greater diversity and an increase in complexity are
merely side effects: they are the result of the earlier mentioned fact that there
was only one direction available for expansion. So evolution is not a directed
impetus towards advantageous complexity, but merely a random motion away
from simple beginnings. Gould writes:
How, then, using the proper criterion of variation in life's full house,
can we possibly argue that progress provides a central defining thrust
to evolution if complexity's mode has never changed? (Life's mean
complexity may have increased, but [...] means are inappropriate, and
modes proper, as measures of central tendency in strongly skewed
distributions.) The modal bacter [...] has been life's constant paradigm
of success, (o.e., 170-171. Italics in original.)15
As so often, Gould is taking things to considerable lengths.
Evolutionary progress, if we were to believe him, is a mere contradiction in
terms. But just as in Wonderful Life Gould grossly exaggerated the message of
the Burgess Shale, so too does he overstate his case in Full House. Hard core
Darwinians, like Dawkins, Wilson and Daniel Dennett, will probably consider

15

Gould (1988, p. 330) makes the same point, albeit somewhat less prosaic: '[T]he
modal life form on earth has probably always been a prokaryotic organism; each of
us harbors more E. coli in his gut than the earth contains people.' See also: Gould
1996, p. 182.
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his claims to be a provocation.16 We do not have to push the matter that far.
However, I believe that Gould frequently confuses two things, namely: (i) the
idea of the inevitable evolution of higher animals and man (an idea which
nowadays few biologists give credit to), and (ii) the idea of progress in the
sense of diversification, expansion and exploration (an idea of which biologist
like Wilson and Dawkins are firmly convinced). Gould's arguments are
effective in challenging the former idea, i.e., the belief in predestination. But
even without providence and predestination, progress is possible.

59. Progress and convergent evolution
Darwin and Wallace undermined the belief in Divine providence once and for
all. Gould, for his part, refuted every belief in predestination. Replaying life's
tape has been Gould's most favourite mental exercise for decades: what would
life on earth look like if we could repeat that cosmic accident by stirring the
primeval soup once more?17 Which creatures would crawl upon the earth
four billion years later? Gould assures us that there would not be any vertebrates among these organisms, and hence certainly no hominids. He believes
that it is doubtful whether life would emerge at all. And even if it were to
happen, it would still be very unlikely that the devilishly complicated gap
between the prokaryotes and eukaryotes could be traversed again. The first
(and only) time it happened, it took some two billion years. The next time it
could easily take five, ten, or twenty billion years longer. Pity though that the
sun already would have turned into a red giant. Or worse.
After providence we now have also lost predestination. In Gould's
thought experiment, bacteria invariably are the most likely candidates. The
modal bacterium rules the earth, we may grant Gould that much.18 But note
that the thesis of radical contingency is particularly directed against the

16

For welcome antidotes to Gould's radical ideas about evolution, see: Dawkins
1995; 1996. For more critical comments on Gould, see: Dennett 1995, Chapters 9
and 10.
17
Cf. S.J. Gould 1989, p. 48-51.
18
The irony in this case is that Gould (Ed.) 1993 recently has edited a popular and
illustrative book on biological evolution of the kind of which he - in his more
serious publications - makes great fun of: at the beginning a few pictures of
trilobites, in the middle part lots of dinosaurs, and at the end a couple of CroMagnons in the South of France. Ruse (1996, pp. 504-505) comments: 'For all his
protestations, Gould has just edited a highly progressionist popular book on
evolution, covering the history of life from the primitive to a stunning bare-breasted
Cro-Magnon beauty.'
222

Progress, Providence, and Predestination
optimistic idea of man as the inevitable winner of the evolutionary lottery. For
example, consider the following passage in the introduction to Full House:
Full House is a companion volume of sorts to my earlier book
Wonderful Life. Together, they present an integrated and unconventional view of life's history and meaning - one that forces us to reconceptualize our notion of human status within this history. Wonderful Life asserts the unpredictability and contingency of any particular
event in evolution - and emphasizes that the origin of Homo sapiens
must be viewed as such an unrepeatable particular, not an expected
consequence. Full House presents the general argument for denying
that progress defines the history of life or even exists as a general
trend at all. Within such a view of life-as-a-whole, humans can
occupy no preferred status as a pinnacle or culmination. (1996, 4)
All the time Gould's aim was to demythologize the status of Homo sapiens and we may sincerely say that he has done a perfect job. Yet, as I mentioned
above, Gould fights some kind of rearguard action, for apart from some
diehard creationist scientists in the Midwest of the United States, no contemporary biologist believes in the predestination and exceptional status of man.
Note in addition that the thesis of radical contingency says nothing
whatsoever about evolutionary progress. That is: if we define progress as
diversification, expansion and exploration, it becomes irrelevant which phyla,
which species, or which organisms inherit the earth. In other words, if we
view biological evolution as a knowledge-gaining algorithm and we replay the
tape of life, then it is unlikely that hyacinths, honey bees, hedgehogs, or
humans will pop up. But there is a considerable chance that photosynthesis,
eyes, wings, central nervous systems and other tricks will be rediscovered.19
Admittedly, for such an adaptive radiation - comparable with the Cambrian
explosion - to occur, there would first have to emerge complete VST-algorithms, but as soon as they were assembled, life would undoubtedly commence to explore our planet's surface. The evolutionary biologist John
Maynard Smith (1992) argues:
In Gould's 'replay from the Cambrian' experiment, I would predict
that many animals would evolve eyes, because eyes have in fact
evolved many times, in many kinds of animal. I would bet that some

19

As we have seen in § 34, it has been authoritatively estimated that eyes have
evolved no fewer than forty times, and probably more than sixty times, independently in various parts of the animal kingdom. In some cases these eyes use radically
different principles. So far nine distinct principles have been recognized. Cf. R.
Dawkins 1995, p. 78. Dawkins 1996, p. 127 ff.
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would evolve powered flight, because flight has evolved four times, in
two different phyla; but I would not be certain, because animals might
never get out on the land. But I agree with Gould that one could not
predict which phyla would survive and inherit the earth. (1992, 34)
The phenomenon that organisms belonging to different phyla or species
independently develop the same kind of adaptations is also known as 'convergent evolution'. Australian marsupials, which often show a striking
resemblance to their placental antipodes on other continents, are the classic
example.20 Convergent evolution is strong evidence of the efficacy and the
cumulative character of natural selection. Darwinian VST-algorithms exploit
the robust properties and regularities of our planet. Through different genetic
routes, the same solutions can be found. That is why such different animals as
insects, reptiles (the extinct pterosaurs), fish (Exocetus volitans, better known
as the flying fish), birds, and mammals all could evolve wings or winglike
appendages. Convergent evolution of wings tells us something about the
density and viscosity of the earth's lower atmosphere, just as photosynthesis
and convergent evolution of eyes reveal something about the electromagnetic
spectrum of sunlight and the transparency of substances like air and water. Or
as Dennett (1995, 308) succinctly puts it: 'Replay the tape a thousand times,
and the Good Tricks will be found again and again, by one lineage or
another.'

60. Evolutionary progress vindicated
I believe that I have demonstrated that the notion evolutionary progress is by
no means fallacious or out-of-date. The fact that there is no Divine providence

20

Gould might object that many examples of convergent evolution are merely
homologies or parallelisms, i.e., similarities which are caused by common genetic
origin, which means that they have not really evolved independently of each other.
Genuine (independent) convergence would demand that similarities in function or
structure have completely different evolutionary origins. Such features are called
analogies. It is not always easy to distinguish the former from the latter. For
instance, the wings of birds and bats are homologous as forelimbs (they evolved
from the forelimbs of ancient vertebrates that were ancestors to both birds and
mammals), but analogous as wings (they truly evolved independently of each other
and are modified in quite different ways). The wings of arthropods (insects) and
vertebrates are also genuine analogies. The same holds for the eyes of vertebrates,
arthropods, and cephalopods (squid, octopus) which evolved independently in
different phyla. Cf. W.T. Keeton & J.L. Gould 1986, pp. 912-914. D. Hull 1989,
pp. 221-227. M. Ridley 1993, pp. 451-456. M.W. Strickberger 1996, pp. 233-235.
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involved and that the evolution of Homo sapiens was not predestined but
rather a lucky accident, does not mean that biological evolution does not
exhibit progress. Biological evolution may well be progressive, even without
the steering hand of a Supreme Being or the emergence of hominids. Of
course, any talk of evolutionary progress presupposes a particular standard,
but as long as we can avoid an arrogant anthropocentric bias, this may not
only be harmless, but quite illuminating as well - especially if one depicts
biological evolution as an information-gathering process. Hence I have defined
evolutionary progress as follows: biological evolution exhibits progress in the
sense of increased diversification, expansion, and exploration. The fact that
life has successfully explored our planet's surface is an indication that, during
the last few billion years, more and more knowledge about the earth's
biosphere has been gained. Such an increase of information is a sign of
progress.
This conclusion is even more important because it also eliminates the
final alleged discrepancy between biological and scientific evolution. Pace
Ruse and Gould, philosophers and biologists who argue that only the latter
process exhibits progress are mistaken.21 Granted, it is true that biological
evolution is neither smooth nor effortless (recall the long period of stagnation
during the Precambrian). Indeed, the process has to deal with regular setbacks, for instance in the form of mass extinctions caused by asteroid impacts
and other catastrophic events.22 Some organisms (such as the parasites) even
show a decrease in anatomical complexity during their evolutionary development. But these exceptions confirm a general rule, namely that life steadily
and stubbornly has continued to explore our planet's biosphere. After all, the
history of natural science also knows catastrophic events (the destruction of the
21

In his impressive and informative survey of 250 years of thought on evolutionary
progress, Ruse (1996) tries to convince us that the notion of progress does not
belong in any mature science. If evolutionary biologists want to gain the status of
professionals, they better should expel the notion once and for all. Ruse convincingly demonstrates that, during the past two centuries, ideas about evolutionary
progress frequently have been intermingled with cultural, ideological, and religious
beliefs. To support his case he provides a battery of revealing examples of renowned
evolutionists (ranging from Lamarck to Dobzhansky) who were unable to separate
science from ideology or mere faith. I agree with Ruse that until recently, many, if
not most, evolutionists indeed were influenced and misled by such extra-scientific
considerations. Julian Huxley (1942) is a case in point. Yet, I think that Ruse, like
Gould, sometimes tends to confuse the outmoded (and nowadays to a large extent
rejected) sense of evolutionary progress, in which Divine providence and the
predestination of man played a pivotal role, with a more neutral and objective sense
of progress which no longer entails such connotations.
"Cf. D. Raup 1991.
225

Chapter 7
library of Alexandria), stagnation (in the early Middle Ages), and deterioration
(Trofim Lysenko's biological theories in the former Soviet Union). But who
would deny on basis of these mishaps that science on the whole has
progressed? As I argued in § 56, both biological and scientific evolution
exhibit net progress and particular progress. That is, in both processes there
are sequences which have stagnated during some period of their evolutionary
history, and in both processes there is progress in several, but not necessarily
all evolutionary lineages. More importantly, I believe that if we could replay
the tapes of life and science a thousand times, we might expect that evolution
(whether biological or scientific) would stumble upon the same solutions again
and again. So although the actual evolutionary scenarios and protagonists
undoubtedly would be different and truly unique in each replay, the solutions
(the 'Good Tricks' in Dennett's vocabulary) would often be the same.
Kuhn rightly argued that it should be easy to design a list of criteria
that would enable an uncommitted observer to distinguish earlier theories from
more recent ones. Later theories, says Kuhn, generally are better for solving
scientific puzzles. Could a neutral observer (say an extraterrestrial
exobiologist) perform a similar achievement with regard to the history of life
on our planet? I think he could, albeit that his assessment probably would be
quantitative rather than qualitative (§ 57). If one views biological evolution as
a knowledge-gaining process, then earlier stages of life can easily be distinguished from later ones because life has swarmed about and expanded into
regions which were formerly unexplored. Our imaginary observer would
therefore conclude that the amount of information about the world stored in
the DNA of organisms on the whole has increased. In a Darwinian world
without providence and predestination, that may be a comforting thought.

Summary
The idea that Darwin discarded the belief in evolutionary progress is mistaken.
Like Wallace and other 19th century evolutionists, Darwin thought that the
evolutionary process exhibits progress and that man is the inevitable culmination point of evolution. Darwin and Wallace undermined the belief in
Divine providence, not the beliefs in progress and predestination. Many
contemporary biologists argue that Darwin failed to make the last, decisive
step. Nowadays, they say, it is evident that biological evolution exhibits no
progressive tendency. As a consequence, it seems that those who want to
defend a strong analogy between organic and scientific change are forced to
say that scientific development, like biological evolution, is not progressive. I
believe that there is another way to sustain the analogy. I argue that biological
evolution, like scientific change, is progressive in some special sense. If we
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view biological evolution as a knowledge-gaining algorithm, a more sophisticated and objective notion of progress emerges, a notion which has been
overlooked by most contemporary theorists.
Darwin himself believed that the fierce and continuous competition
between organisms would lead to progress. In the competitive struggle
between different organisms there would always be a premium on every slight
improvement in biomechanical design. It is true that this evolutionary process
of 'wedging' often results in escalation and arms races which push the species
involved to the limits of their capabilities. Yet escalation and arms races may
also result in risky overspecialization and even in a decrease in biomechanical
complexity. Hence Darwin's principle of wedging is not a sound example of
evolutionary progress. We therefore have to focus, not on the development of
individual lineages, but on the evolution of life as a whole.
Progress implies directionality and irreversibility, but not the other way
around. Directional and irreversible change is not sufficient for evolutionary
progress because changes in the anorganic, physical world are also directional
and irreversible. Yet few people would maintain that there is progress in the
physical realm. Progressive change demands that a sequence is not merely
directional and irreversible, the change should also imply a certain
'improvement'. So if we want to label a particular sequence as being progressive, we are forced to employ a value judgement. Nevertheless, as long as we
realize that there is not one single standard of progress, it becomes possible to
seek standards of progress that may yield valuable insights into the study of
the evolution of life.
Until recently, standards of progress showed a clear anthropocentric
bias. It was common to propose standards of progress such as: bigger brains,
increased environmental control, emergence of social ties, consciousness,
language, and culture, etc. So if we choose a more objective standard of
progress, that is, if we avoid an arrogant anthropocentric bias in our criteria,
our inquiry may well be respectable. I have defined evolutionary progress as
follows: biological evolution is progressive in the sense that life's history
exhibits diversification (increased number of phyla), expansion (increased
biomass), and exploration of unoccupied niches (increased adaptive radiation).
I believe that my definition adequately captures the sense in which biological
evolution is a genuine knowledge-gaining algorithm. Life indefatigably
explores our planet's biosphere in the same way as natural science constantly
tends to expand and diversify into newly discovered regions of the world.
Stephen Jay Gould protests. Increased diversity and expansion are
merely an illusion. We see just the opposite, he says. The number of basic
anatomical bodyplans actually has declined since the Cambrian. Edward O.
Wilson, Gould's colleague at Harvard, think otherwise. Wilson argues that,
since the Cambrian, there has been a steady increase in the number of species
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and phyla. Wilson's claim is probably closer to the mark. More and more
puzzling Cambrian fossils, formerly not assignable to any known groups, have
been specified as belonging to existing phyla. So both the Cambrian disparity
of animal phyla and the subsequent extinctions had been grossly overestimated.
Recently Gould employs an additional argument against the idea of
evolutionary progress. He believes that the erroneous belief in progress is
based on the simple fact that, as life began to diversify, only one direction
stood open for expansion. Evolution is not a directed impetus towards advantageous complexity, but merely a random motion away from simple
beginnings. Bacteria were the first organisms to inhabit our planet and they
probably will last until the sun explodes. So the simplest organisms dominate,
whereas complexity and diversification are rare exceptions. Moreover, Gould
argues that if we could replay the tape of life a thousand times, no vertebrates
and hence certainly no hominids would emerge.
Yet I believe that Gould recurrently confuses two things, namely: (i)
the idea of the inevitable evolution of higher animals and man, and (ii) the
idea of progress in the sense of diversification, expansion, and exploration.
Gould's arguments are effective in challenging the former idea, i.e., the belief
in predestination. That is, the thesis of radical contingency is particularly
directed against the optimistic idea of man as the inevitable winner of the
evolutionary lottery. But it says nothing about evolutionary progress. If we
define progress as diversification, expansion, and exploration, it becomes
irrelevant which phyla, which species, or which organisms inherit the earth.
So even without Divine providence and the predestination of man, progress is
possible. The fact that life has successfully explored our planet's surface is an
indication that, during the last few billion years, more and more knowledge
about the earth's biosphere has been gained.
This conclusion is most important because it eliminates the final alleged
discrepancy between biological and scientific evolution. Philosophers and
biologists who argue that only the latter process exhibits progress are mistaken. Biological evolution, viewed as an information-gathering process, is
progressive because life steadily and stubbornly continues to explore our
planet's biosphere. What is more, if we could replay the tapes of life and
science a thousand times, we might expect that evolution (whether biological
or scientific) would stumble upon the same solutions again and again.
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The world in which we find ourselves has various ontological layers, viz., a
physical, a biological, and a mental stratum. Although these layers are
causally related, the two uppermost strata cannot be reduced to the lowest one,
both for principal and practical reasons. So even though the physical world
was a necessary prerequisite for the emergence of subsequent ontological
layers, the biological and the psychological realm have reached an autonomous
status. In the two uppermost layers, which together make up the living world
of bacteria, fungi, plants, and animals, we can discern further ontological
strata, viz., a genetic, an organic, and a cultural-scientific level. A remarkable
feature is that Darwinian processes occur at all three hierarchically related
stages. I have argued that Darwinian processes are essentially knowledgegaining algorithms: they scan the world in search for regularities.
The primary, genetic, layer is the most fundamental level at which
knowledge gaining takes place. Through evolution the gene pool of a particular population of organisms will gradually accumulate vital information
about the world. All instances of adaptive evolution are instances in which
knowledge has been gained. Hence we should disconnect the concept of
knowledge from anthropocentric connotations like language, representation,
and truth. Knowledge evolutionary understood is any process in which
information about the world has been accumulated, stored, and used for a particular purpose or function. Adaptation is such a process, but it neither
involves language, nor representation, nor truth. At the primary level,
evolution not only results in a closer match between organism and environment - it also results in an adaptive radiation of organisms throughout our
planet's biosphere. This quantitative increase of information about the world
may be viewed as a sign of evolutionary progress. Despite its radical contingency and periods of stagnation, drawbacks, and catastrophic events,
biological evolution as a whole is characterized by creative exploration,
expansion, and diversification.
At the second, organic, level we encounter several highly complex
organs like the vertebrate's immune system and the mammalian brain. Since
these organs seem to carry genuine VST-processes within themselves, we may
call them Darwin machines. Brains and immune systems are not only assembled by Darwinian principles, they also operate according to them. Instead
of trying to genetically hard-wire the animal, biological evolution stumbled
upon the solution to equip them with additional VST-processes which operate
within vital organs during the animal's lifetime. Both organs have evolved to
detect rapid and significant changes in the world which cannot be scanned by
the relatively slow genetic VST-algorithm operating at the primary level.
Auxiliary selection processes can overcome the problem of generational lag229
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time. In the case of the vertebrate's immune system, the phylogenetic selection
of genes is replaced by the much faster ontogenetic selection of lymphocytes.
In the case of the mammalian brain, the phylogenetic selection of genes is
replaced by the ontogenic selection of synapses and neural pathways.
At the third and final stage of the nested hierarchy, we are no longer
dealing with gene-based evolution, nor are we dealing with organ-specific
VST-processes. Instead, the VST-algorithm now operates on ideas, concepts,
procedures, methodologies, etc. Evolution at this stage is influenced by earlier
selection processes at the two lower levels. Yet this does not imply that
culture and science can be reduced to them. Cultural-scientific development
has its own evolutionary dynamics: it takes place without much impact on
genetic fitness. In science, VST-algorithms will ensure that the match between
a scientific discipline and the part of the world it studies increases in time. If
the world plays a causal role, however slightly, in the process of eliminating
mistakes and achieving successes, cumulative selection will result in an
increase of empirical knowledge about the world. The emergence of new
epistemic variants is balanced against a process of critical selection and
transmission, and this may account for a discipline's continued stability as well
as for its rapid transformation into something new and different. In this way,
scientific disciplines resemble biological species. So the fact that profound
changes may occur does not automatically imply that the various stages of a
discipline's history are rationally discontinuous.
An important message of this thesis is that, at all three levels, correspondence, fit, and design are due, not to some mysterious foresight, but to
the hindsight of a selective system. Information about the world is gained by
an initial overproduction of random variants and an ensuing selective-retention
process. So, at any given level, evolution proceeds by Darwinian selection
rather than Lamarckian instruction. As a consequence, selection processes at
the highest, scientific, level are always influenced and constrained by earlier
selection processes at lower levels of the hierarchy. Yet, again, this does not
imply that scientific evolution is a literal extension of biological evolution.
Rudimentary forms of science and technology may have had their roots in
biological evolution, but contemporary science is completely uncoupled from
biological needs. Scientific evolution is not a literal extension of biological
evolution, but analogous to it: science evolves in its own right.
Arguing by analogy is arguing that since things are alike in some ways,
they will probably be alike in others. Analogies are essential in relating
strange phenomena to more familiar ones. Thus Darwin cited the analogy
between artificial and natural selection as vital support for his theory. He
rightly noticed that just as farmers and fanciers could develop new breeds of
domesticated animals, natural selection could produce new species. In this
thesis I have tried something quite similar, albeit the other way around again.
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I have reasoned analogically from natural selection back to intentional selection. So in a sense we have come full circle. If Darwinian selection processes
can produce such an astonishing degree of order and design in the organic
world, why should we not try to extend this particular form of explanation to
other domains with equal perplexing puzzles of fit? The fact that our epistemic
pursuits are rational and goal-directed does not entail that scientific change
cannot be analyzed in terms of selection processes.
The problem with analogies is that they can easily be stretched too far.
In this thesis I may occasionally have sailed close to the wind, but I believe
that I have not overstepped the mark. Analogical inference is permitted as long
as it yields new insights and explanations for phenomena formerly not quite
understood. Thus I have shown that a Darwinian account of epistemic
evolution can resolve the intricacies that surround the problem of continuitythrough-change. A populational approach, that is, can explain how scientific
disciplines may transform substantively in time without losing their identity
and rational coherence. Conceptual systems must not be treated as inert and
self-contained bodies of knowledge which are accepted or rejected as a whole,
but rather as historical entities and heterogeneous populations which can
evolve while retaining their individuality. Finally, a Darwinian view of
scientific evolution rightly stresses man's fallibility: it emphasizes the fact that
the growth of knowledge is a function of selection after the fact. Of the
countless ideas and hypotheses actually proposed in science, only a small
minority will be selectively retained. In short, the claim that our knowledge
evolves is not a mere cliché. Nor is the claim that scientific development
closely resembles biological evolution a category mistake. There are many
obvious differences between biological and scientific evolution, but what they
have in common is that both kinds of evolution are driven by the same
underlying process of variation, selection, and transmission. Evolution should
therefore not be underestimated. After all, it has produced me and you.
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Samenvatting
De Genealogie van Kennis
Een Darwiniaanse Benadering van Epistemologie en Wetenschapsfilosofie

In dit boek probeer ik aan te tonen dat evolutie belangrijke gevolgen heeft
voor tal van traditionele filosofische vraagstukken. Ik betoog dat een
evolutionair perspectief ons ertoe dwingt onze conventionele kennistheorie en
metafysica te herzien. De twee belangrijkste stellingen van dit proefschrift
kunnen als volgt geformuleerd worden: (i) natuurlijke selectie is een kennisverwervend proces; en omgekeerd: (ii) kennisverwerving is een selectieproces.
Het onderwerp van dit boek is een betrekkelijk nieuw filosofisch onder
zoeksprogramma genaamd Evolutionaire Epistemologie (ЕЕ). ЕЕ is een
multidisciplinair onderzoeksgebied binnen een genaturaliseerde ken- en
wetenschapstheorie. Het project kan ruwweg worden omschreven als een
poging om verbanden te leggen tussen kennis enerzijds en biologische evolutie
anderzijds. In hoofdstuk 1 van deze dissertatie maak ik een onderscheid tussen
directe en indirecte toepassingen van ЕЕ.
De directe variant van ЕЕ correspondeert met de hierboven genoemde
stelling (i) dat evolutie door natuurlijke selectie als een kennisverwervend
proces moet worden opgevat. Darwiniaanse selectie resulteert in een afstem
ming tussen organisme en omgeving. Vele adaptieve eigenschappen van
organismen weerspiegelen lokale en globale aspecten van hun leefwereld.
Deze vitale informatie over de omgeving ligt opgeslagen in het DNA en komt
tot uiting in fenotypische adaptaties. Het organisme hoeft dus niet per se in
een cognitieve of zintuiglijke relatie tot zijn omgeving te staan om over kennis
van de wereld te beschikken. Kort gezegd: adaptieve evolutie resulteert in
kennis over de wereld.
In hoofdstuk 1 betoog ik dat de epistemologie daarom eigenlijk minder
antropocentrisch zou moeten zijn omdat menselijke kennis slechts een onder
deel is van een heel scala van kennisverwervende processen. Het fenomeen
kennis moet veel breder worden opgevat dan doorgaans gebeurt. Ik ben van
mening dat we het concept 'kennis' daarom moeten loskoppelen van
antropocentrische connotaties zoals taal, representatie, en waarheid. Wanneer
we 'kennis' in bredere zin definiëren als: 'een proces waarbij informatie over
de wereld wordt opgeslagen in een drager en gebruikt wordt voor een
bepaalde functie', dan is adaptieve evolutie ook een vorm van kennis, maar
het behelst geen taal, noch representatie, noch waarheid. Adaptieve evolutie
impliceert wel dat er een bepaalde correspondentierelatie of 'pasvorm' met de
wereld moet zijn. Een evolutionaire ecologie heeft zodoende ook ontologische
consequenties. Een evolutionaire kennistheorie vooronderstelt een vorm van
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metafysisch realisme omdat kennis (in de bredere betekenis) zich conformeert
aan de wereld in plaats van andersom. De wereld is voorgestructureerd en op
zijn minst gedeeltelijk detecteerbaar. Natuurlijke selectie zou niet mogelijk zijn
wanneer er geen robuuste detecteerbare structuren in de wereld waren.
De indirecte variant van ЕЕ correspondeert met de eerder genoemde
stelling (ii) dat kennisverwerving een selectieproces is. De tweede vorm van
ЕЕ onderzoekt de vele opmerkelijke overeenkomsten tussen biologische
evolutie en de groei van wetenschap. Dat wil zeggen, bij de tweede vorm van
ЕЕ staat niet de directe relatie maar de analogie tussen de groei van
wetenschap enerzijds en biologische evolutie anderzijds centraal. Het onder
liggende idee is dat een vergelijking tussen biologische en wetenschappelijke
evolutie ons wellicht meer kan leren over beide processen.
In hoofdstuk 2 laat ik zien dat wanneer het onderscheid tussen beide
vormen van ЕЕ niet in acht wordt genomen er makkelijk misverstanden
kunnen ontstaan. Veel kritiek op ЕЕ is terug te voeren op deze
onachtzaamheid. Er is geen direct verband tussen biologische en wetenschap
pelijke evolutie. Het gegeven dat ons cognitief apparaat en onze basale
redeneervormen zijn gemodelleerd door natuurlijke selectie impliceert niet dat
al onze overtuigingen waar of rationeel zijn, laat staan dat bepaalde ideeën of
wetenschappelijke theorieën zouden bijdragen aan iemands reproductie- en
overlevingskansen. Wetenschappelijke evolutie kan daarom niet gereduceerd
worden tot biologische evolutie. De groei van de wetenschap is een
evolutionair proces op zichzelf.
Voor het ontstaan van Darwiniaanse evolutie moet aan bepaalde voorwaarden worden voldaan. De cruciale eis is de totstandkoming van een
Variatie-Selectie-en-Transmissie-algoritme (VST-algoritme). Biologische
evolutie is natuurlijk het schoolvoorbeeld van een Darwiniaans VST-algoritme,
maar niet het enige voorbeeld. In beginsel kan elk dynamisch systeem
werkelijk evolueren mits de drie hierboven genoemde ingrediënten aanwezig
zijn.
In hoofdstuk 3 laat ik zien dat er drie hiërarchisch gerelateerde niveaus
zijn waar Darwiniaanse algoritmen voorkomen: een genetisch, een organisch,
en een cultureel-wetenschappelijk niveau. Op al deze niveaus vindt kennisverwerving plaats.
Het eerste, genetische niveau is het meest fundamentele stadium waar
kennisverwerving optreedt door middel van VST-algoritmen. Het genetische
niveau verscheen als eerste in de geschiedenis van het leven en het was ook
een noodzakelijke voorwaarde voor het ontstaan van de twee hogere niveaus.
Geaccumuleerde kennis op het genetische niveau neemt uiteindelijk de vorm
aan van adaptaties. Voor het organisme zijn adaptaties onmisbaar om succesvol te kunnen functioneren in zijn omgeving.

250

Samenvatting
Op het tweede, organische niveau vinden we verschillende complexe
organen die een eigen Darwiniaans algoritme in zich bergen. We zouden deze
organen daarom Darwin machines kunnen noemen. Het immuunsysteem van
gewervelde dieren en het zoogdierenbrein zijn twee voorbeelden van Darwin
machines. Het immuunsysteem en het brein zijn niet alleen bijeengesprokkeld
door VST-algoritmen, zij dragen ook volwaardige VST-algoritmen in zich.
Omdat sommige veranderingen in de wereld zich te snel voltrekken om
gedetecteerd te kunnen worden door het algoritme op het eerste, genetische
niveau, is een tweede niveau noodzakelijk.
Het derde en hoogste stadium van de hiërarchie waar kennisverwerving
door middel van Darwiniaanse algoritmen plaatsvindt, is het wetenschappelijke
niveau. In een vroeg stadium van de evolutie van de mens waren
protowetenschappelijke en biologische evolutie nog rechtstreeks met elkaar
verbonden. Maar toen cultuur, techniek en wetenschap geleidelijk complexer
werden, verdween deze rechtstreekse koppeling. Wetenschappelijke evolutie
ging een eigen leven leiden. De verspreiding van concepten, ideeën en
procedures verloopt analoog aan de verspreiding van genen. Anders gezegd,
wetenschappelijke evolutie wordt voortgestuwd door haar eigen VST-algoritme.
In de resterende hoofdstukken 4 tot en met 7 ga ik uitgebreid in op de
stelling dat wetenschappelijke groei geanalyseerd kan worden in termen van
Darwiniaanse VST-algoritmen. Om te laten zien dat de analogie tussen
wetenschappelijke en biologische evolutie gerechtvaardigd is, onderzoek ik de
drie ingrediënten van het algoritme één voor één.
In hoofdstuk 4 analyseer ik de analogie met betrekking tot variatie.
Tegenstanders van ЕЕ beweren dat er een fundamentele discrepantie bestaat
tussen biologische en wetenschappelijke variatie. De vergelijking, zo zegt
men, is misplaatst omdat epistemische varianten gericht zijn op een doel: zij
worden gegenereerd met het oog op een mogelijke oplossing van bestaande
problemen. Biologische variaties daarentegen missen deze teleologische
component: zij worden blind en ongericht gegenereerd.
Ik ben van mening dat epistemische variatie veel ongerichter en
biologische variatie veel gerichter is dan doorgaans wordt aangenomen. Het
gegeven dat epistemische variaties worden gegenereerd met de bedoeling om
problemen op te lossen, maakt de variaties niet automatisch succesvol, laat
staan waar. Het beeld van de wetenschap als een geordend, gecontroleerd en
gericht proces komt voort uit een retrospectieve vertekening. Door alleen de
successen te benadrukken, hebben we de neiging om de vele mislukkingen en
doodlopende wegen te vergeten. Wanneer we daarentegen de gehele
wetenschap overzien, en niet slechts de spaarzame successen, dan ontstaat er
een realistischer, minder positief beeld. Epistemische variatie is random of
blind omdat succes nooit vantevoren kan worden gegarandeerd. Wetenschap251
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pelijke evolutie is wellicht net zo verkwistend als biologische evolutie. Van de
talloze hypothesen en ideeën die voortdurend worden opgeworpen, zullen er
maar een paar de toets der kritiek kunnen doorstaan.
Van de andere kant is het niet waar dat biologische variatie door en
door random is. Biologische variatie is veel gerichter dan doorgaans wordt
aangenomen omdat het scala aan mogelijke variatie wordt beperkt door de
aard en structuur van het genotype en de evolutionaire geschiedenis van de
soort in kwestie. Deze beperking op de mogelijke reeks van biologische
variatie is analoog aan een soortgelijke restrictie in het epistemische domein.
Het repertoire van nieuwe ideeën en theorieën wordt immers ook beïnvloed en
ingeperkt door het heersende wereldbeeld en de traditie van de
wetenschappelijke discipline in kwestie.
In hoofdstuk 5 analyseer ik de analogie met betrekking tot selectie.
Critici van ЕЕ stellen dat de vergelijking tussen natuurlijke selectie en selectie
in de wetenschap mank gaat omdat natuurlijke selectie een blind, opportunis
tisch proces is, terwijl selectie in het epistemische domein doelbewust en
rationeel is. Bovendien stelt men dat natuurlijke selectie als een
probleemoplossend proces vaak voortijdig op een lokaal maximum (een nietoptimale oplossing) zal stranden, terwijl intentionele selectie doorgaans het
globale maximum (de meest optimale oplossing) weet te vinden.
De erken opnieuw dat er in het oog springende discrepanties bestaan
tussen beide vormen van selectie, maar ik ben van mening dat het verschil
uiteindelijk slechts gradueel is en niet fundamenteel. Critici van ЕЕ zijn veel
te optimistisch over de vermeende efficiëntie en vindingrijkheid van
wetenschappers. Men doet het voorkomen alsof wetenschappers de meest
optimale oplossingen altijd voor het uitkiezen hebben, terwijl wetenschappelijke groei in werkelijkheid het resultaat is van een moeizaam en energieverslindend trial & error proces. Het gegeven dat onze onderzoekingen
rationeel en doelgericht zijn, betekent dus niet dat wetenschappelijke
verandering niet kan worden geanalyseerd in termen van selectieprocessen.
Tegelijkertijd onderschatten voornoemde critici de vindingrijkheid van
biologische evolutie. Natuurlijke selectie in combinatie met andere processen
(bijvoorbeeld genetische drift) is wel degelijk in staat tot het vinden van
optimale oplossingen. Wetenschappelijke evolutie is dus minder optimaliserend
en biologische evolutie meer optimaliserend dan doorgaans wordt aangenomen.
De analogie met betrekking tot selectie kan daarom worden gehandhaafd.
In hoofdstuk 6 bespreek ik de analogie met betrekking tot transmissie.
Ik betoog dat de wijze waarop genen worden doorgegeven naar toekomstige
generaties van organismen overeenkomst vertoont met de wijze waarop ideeën
worden doorgegeven naar toekomstige generaties van wetenschappers. Critici
van ЕЕ zijn echter van mening dat de vergelijking tussen transmissie in het
wetenschappelijke en het biologische domein niet opgaat omdat er in de
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wetenschap geen sprake is van erfelijkheid en de vereiste causale afstammingsrelaties. Ideeën en concepten kunnen weliswaar worden doorgegeven
naar volgende generaties, maar dit proces lijkt in de verste verte niet op de
replicatiemechanismen die we in het biologische domein tegenkomen.
De erken dat de daadwerkelijke replicatiemechanismen in het
wetenschappelijke en het biologische domein van elkaar verschillen. Maar dit
neemt niet weg dat er ook opmerkelijke overeenkomsten bestaan en dat een
vergelijking ons meer inzicht kan geven in beide processen. De overerving van
ideeën is mijns inziens analoog aan de overerving van genen. Net zoals genen
kunnen epistemische replicatoren intact blijven gedurende hun reis door
opeenvolgende generaties. Zowel in biologische als in wetenschappelijke
evolutie komen we dezelfde genealogische principes tegen. In beide domeinen
zien we replicatoren (genen dan wel ideeën) die zich verspreiden met wisselend succes. In beide domeinen resulteren dergelijke replicatieseries in
afstammingsrelaties. In het biologische domein zijn deze relaties genetisch van
aard, in het wetenschappelijke domein conceptueel. Gedurende wetenschappelijke evolutie zullen ideeën zich niet willekeurig door de gehele
wetenschappelijke gemeenschap verspreiden. Sommige ideeën zijn verbonden
met een bepaalde discipline, net zoals sommige genen verbonden zijn met een
bepaalde biologische soort.
Na te hebben aangetoond dat wetenschappelijke evolutie wordt
voortgestuwd door een soortgelijk VST-algoritme als biologische evolutie,
bespreek ik in het afsluitende hoofdstuk 7 het probleem van vooruitgang. Ook
al liggen aan beide soorten evolutie dezelfde Darwiniaanse principes ten
grondslag, er resteert nog één elementaire discrepantie: biologische evolutie
lijkt geen vooruitgang te tonen terwijl wetenschappelijke evolutie dat
ogenschijnlijk wel doet. Eén manier om deze discrepantie te elimineren, is te
betogen dat wetenschappelijke evolutie op de keper beschouwd ook geen echte
vooruitgang kent. Ik denk dat dit een verkeerde manier is om de analogie te
herstellen. De andere manier om de discrepantie te elimineren, is te betogen
dat biologische evolutie, gezien als een kennisverwervend proces, wel degelijk
vooruitgang kent.
Het probleem van de notie evolutionaire vooruitgang is dat de discussie
rond dit onderwerp vaak vertroebeld wordt door een in het oog springende
antropocentrische vooringenomenheid. Evolutionaire vooruitgang wordt vaak
gekoppeld aan ideeën over de vermeende uniciteit en voorbestemdheid van de
mens. Een objectievere en minder antropocentrische notie van vooruitgang is
daarom gewenst. De heb de notie evolutionaire vooruitgang in het biologische
domein als volgt gedefinieerd: biologische evolutie vertoont vooruitgang in de
zin dat de geschiedenis van het leven een voortdurende diversificatie, expansie, en exploratie van onbezette ecologische niches laat zien. Ik geloof dat
mijn definitie adequaat weergeeft dat biologische evolutie een authentiek
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kennisverwervend algoritme is. Hierdoor wordt de analogie met wetenschappelijke evolutie hersteld. Ondanks de tegenslagen en perioden van stagnatie
zien we dat het leven als geheel onvermoeibaar en met toenemend succes de
biosfeer van onze planeet blijft verkennen. Immers, ook in het epistemische
domein zien we een exploratie van domeinen van de wereld die voorheen
onbekend waren. Beide vormen van evolutie vertonen vooruitgang in de zin
dat ze een constante toename van informatie over de wereld behelzen.
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Chris Buskes' The Genealogy of Knowledge provides a comprehensive and
critical defense of evolutionary approaches to epistemology and
philosophy of science. Buskes shows that, until recently, many
philosophers had a keen interest in physics and mathematics, but they
tended to neglect the findings and* important implications of evolutionary
biology. By trying to rectify this omission, the author convincingly
demonstrates that neo-Darwinian theory is simply indispensable for a ν
proper understanding of the various cognitive processes found in animals
and man. He also shows that, from a biological point of view, we are
forced to broaden our concept of knowledge: all instances of adaptive
evolution are instances in which knowledge about the natural world has
been gained. Finally, The Genealogy of Knowledge explores the many
parallels between biological and scientific evolution. It is claimed that
Darwin's scheme of explanation can be applied successfully to the
epistemic domain which means that scientific and methodological change
can be understood as analogous to biological evolution.
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