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CAN BIOLOGICAL TELEOLOGY BE NATURALIZED?*
N

' ~aturalismis the doctrine that everythingreal is at least in

principle within the scope of a purely scientific account of
the world. Although the naturalistic umbrella contains ample room for divergent views, it is widely agreed to exclude moral
and, more generally, evaluative matters. A naturalistic theory must
be "nonnormative," as Ruth Millikan' insists, erecting some form of
a relatively rigid fact/value distinction and banishing "transcendent
standards of value" (to use D. M. Armstrong's2 words) from nature.
Let narrow naturalism be this naturalism-cum-descriptivism. (Unqualified references to naturalism in what follows always apply to
narrow naturalism.)
There is a growing consensus that biological teleology can be narrowly naturalized.3 Naturalistic treatments of biological teleology
tend to be modeled after either cybernetics or natural selection, and
the majority conviction is that eventually some version of one of
these approaches will secure a naturalistic treatment of biological
teleology. This paper aims to undermine this consensus confidence
by revealing an evaluative component of biological teleology.4 Space
limitations permit only a partial presentation of this argument. Elsewhere I have argued that the cybernetic approach to naturalizing
biological teleology fails because of its inability to account for an
evaluative component in teleology.5 Here I shall sketch a parallel
* To be presented in an APA symposium, Can Biological Teleology Be Naturalized? December 30. Mohan Matthen will comment. See this JOURNAL, this issue,
656-7, for his contribution.
1 Language,
Thought and Other Biological Categories (Cambridge: MIT,

1984), p. 17.

2"Naturalism,

Materialism, and First Philosophy," Philosophia,

viii (1978):

261-76, p. 263.

3For example, see Ernest Nagel, "Teleology Revisited," this JOURNAL, LXXIV, 5
(May 1977): 261-301, pp. 276f, 298ff; and Larry Wright, Teleological Explanati-ons (Berkeley: California UP, 1976), pp. 26f, 56f.
4 Naturalistic accounts of biological teleology have recently been used to save
naturalistic treatments of mind. For an outline and references, see William Lycan,
ed., Mind and Cognition, A Reader (Cambridge: Blackwell, 1990), pt ii. Thus,
the failure of naturalistic approaches to biological teleology would not only undo
what was banked on as a naturalistic done deal; it would also block an attractive
route to naturalism in the philosophy of mind.
5 An extended discussion of the cybernetic approach to teleology appears in my
"Goal-Directed Systems and the Good," forthcoming in The Monist. A vastly
expanded treatment of these arguments is forthcoming in my "Naturalism and
Teleology," in S. Wagner and S. Warner, eds., Naturalism: A Critical Appraisal
(Notre Dame: University Press). A positive value-centered account of teleology is
contained in my "Where's the Good in Teleology?" Philosophy and Phenomenological Research, forthcoming.
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argument concerning the attempt to naturalize teleology by appeal
to natural selection.
I

One main naturalistic approach to teleology keys on certain kinds of
etiologies. The idea of this approach is, roughly, that something
happens in order to achieve a goal when (i) it tends to bring about
that goal and (ii) it happens because of its tendency to bring about
the goal.6 Consider the heart pumping blood in order to circulate it.
According to the etiological approach, this means that (i) the heart's
pumping of the blood tends to circulate the blood and (ii) the heart
pumps blood because doing so contributes to circulating it. Certainly, the heart's pumping does circulate the blood, but why does
the heart pump blood? Well, the heart would not be pumping unless
the creature possessing it were alive, and the creature would not be
alive unless its blood were being circulated. If the heart were to stop
circulating the blood, the creature would die and its heart would
stop pumping. So, the heart pumps in part because doing so contributes to circulating the blood.
There is much to be said for this approach to teleology,7 but as it
stands it is not sufficient-something that is not teleological might
nevertheless have an etiology like the heart's. Consider a stick floating down a stream which brushes against a rock and comes to be
pinned there by the backwash it creates.8 The stick is creating the
backwash because of a number of factors, including the flow of the
water, the shape and mass of the stick, etc., but part of the explanation of why it creates the backwash is that the stick is pinned in a
certain way on the rock by the water. Why is it pinned in that way?
The stick originally became pinned there accidentally, and it remained pinned there because that way of being pinned is self-perpetuating. Therefore, once pinned, part of the explanation for why
the stick is creating the backwash is that the backwash keeps it
pinned there and being pinned there causes the backwash. In this
case, the stick meets the etiological conditions: creating the backwash tends to pin the stick on the rock and the stick creates the
backwash because doing so contributes to pinning it. Clearly, however, the stick does not create the backwash in order to keep itself
pinned on the rock. The stick's behavior has no teleological explanation.
Wright (op. cit.) has offered the best-known version of the approach.
In fact, the value-centered view that I defend in "Where's the Good in Teleology?" can be viewed as a modification of Wright's analysis to which a value
condition has been added.
8This example (though not its diagnosis) is due to Robert Van Gulick.
6
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Given that the heart and the stick involve a similar sort of etiology,
why is only the heart teleological? There are two ways to revise the
etiological approach to answer this question: to appeal to value or to
appeal to natural selection. One clear difference between the two
cases is that the heart's pumping is good for the creature, but the
stick's backwash is not good for the stick (and it need not be good
for anything whatsoever). Thus, one diagnosis of the stick in the
stream counterexample is that teleology must involve an appropriate role for value. Teleology involves not merely effects that tend
to bring about their own production, but good effects that tend to
bring about their own production.9 Those sympathetic with the etiological approach might offer an alternative diagnosis, in terms of
natural selection. Roughly, the idea would be that a feature is for
the sake of any effect by virtue of which it is naturally selected, i.e.,
by virtue of which natural selection favors it.'0 This would handle
the stick example because natural selection does not explain why the
stick is stuck on the rock. Sticks floating in streams do not reproduce
their kind. Being (able to be) stuck on a rock is not a trait inherited
from parent sticks, nor is it a trait that affects a stick's "fitness." So,
the stick in the stream is not a counterexample to a version of the
etiological approach which explicitly invokes natural selection. Perhaps the value diagnosis is wrong and teleology can be naturalized
by appeal to natural selection.
II

The value diagnosis and the natural selection diagnosis each handle
the stick in the stream. We need a case that drives a wedge between
them. But it is difficult to find a value-free case of natural selection.
The familiar biological examples of natural selection will not do,
since the traits by virtue of which natural selection favors an organism typically benefit the organism. For example, once the forests
around industrial centers in England became besooted by industrial
pollution, the whitish forms of the peppered moth Biston betularia
became much easier for predatory birds to find. In those environments, industrial melanism (black coloration) benefited the pep-

' There are different grades of teleology corresponding to different etiological
roles for value; see my "Where's the Good in Teleology?"
10 Wright points out that his analysis can be understood in terms of natural
selection (op. cit., pp. 69f). Others, inspired by Wright, explicitly refer to natural
selection in accounts of natural teleology; e.g., see Fred Dretske, "Misrepresentation," in R. Bogdan, ed., Belief: Form, Content, and Function (New York: Oxford, 1986), p. 25; D. Papineau, Reality and Representation (Cambridge: Blackwell, 1987), p. 65; and Mohan Matthen, "Biological Functions and Perceptual
Content," this JOURNAL, LXXXV, 1 (January 1988): 5-27, pp. 14, 17.
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pered moth by camouflaging them. " What we need is a case of
natural selection in which value clearly plays no role whatsoever.
To find such a case, it is helpful first to focus on the idea of a
value-free situation. It seems that, everything else being equal, surviving is good for an organism. An organism seems worse off if it is
barely eking out an existence; it seems better off to the extent that it
is flourishing. One way to guarantee a value-free situation would be
to have one free from all forms of life. So, my strategy in the following pages will be, first, to describe a lifeless planet, devoid of teleology, and also devoid of natural selection. Then, I shall add to the
planet what is required for natural selection to occur among certain
inorganic minerals. But at no stage will the planet contain any form
of life.
Consider a planet containing land and sea masses surrounded by
an atmosphere. In addition to certain atmospheric gases (oxygen,
hydrogen), the planet contains various relatively simple mineral
compounds, such as those found in rocks and sand (silicate, aluminium, etc.). The stuff on this planet is subject to the familiar orchestra
of physicochemical processes, from Born repulsion to covalent
bonding. Sand and dust are blown about, rains fall, rocks weather,
particles become suspended in water and then are sedimented, minerals dissolve and crystalize out of solution, chemical bonds form
and break. Various physicochemical equilibria are disturbed and restored; various cyclical physical processes occur (a water cycle, a
tidal cycle, daily and seasonal temperature cycles, etc.). But the
planet is lifeless. It contains absolutely no forms of life, not even any
organic molecules. Not only is this dead planet value-free, I take it
to be uncontroversial that there is nothing teleological on it. Nothing has any purpose, nothing is for the sake of anything. Everything
that happens on the dead planet is a paradigm of an ordinary efficient causal process. The dead planet would be thought to involve
teleology only by someone, like Teilhard de Chardin perhaps, who
finds teleology in virtually every merely physical process-in water
flowing downhill or in the cycle of the tides. In addition to lacking
value and teleology, the dead planet also lacks natural selection.
Specifically, it lacks each of the following four necessary and jointly
sufficient conditions for natural selection: a population of reproducing entities, the members of which possess randomly varying
traits which can be inherited and which are adaptive (in the sense

" A nice review of the empirical evidence for this famous example of natural
selection in wild populations can be found in J. Maynard Smith, The Theory of
Evolution, 3rd ed. (New York: Penguin, 1975), pp. 150-4.
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that they can causally influence the extent to which entities with the
traits proliferate).'2
It turns out that all four prerequisites for natural selection can be
added to the dead planet. What is rather surprising is that, in the
process, the planet remains entirely devoid of life. Thus, natural
selection can take place in an entirely inorganic setting. This is possible because of the nature of crystals, specifically, the microscopic
crystallites of inorganic materials out of which clays and muds are
composed.'3 When we think of crystals, we tend to think of something on the order of fingernail- or fist-sized chunks of quartz,
amethyst, mica, or possibly diamond. The last thing that comes to
mind is clay. But if you were to magnify particles of clay thousands
of times with a scanning electron microscope, you would see an
amazing diversity of tiny crystallites. Populations of clay crystals
have each of the four features necessary for natural selection. In
fact, natural selection is occurring in populations of clay crystals all
over the earth right now. Consider each prerequisite for natural
selection in turn.
Reproduction. Crystals are simply layers of orderly arrays of molecules, which grow as new layers are added on top of existing layers.
Clay crystals are formed basically from silicic acid (SiO4) and hydrated cations (positively charged ions). These crystals can form in
the presence of a supersaturated silica solution if crystal "seeds"
(small pieces of crystal) are present. A new layer grows as silica
atoms from the solution become affixed to the surface of the seed.
When a crystal becomes big enough it cleaves and pieces break off,
becoming seeds for new crystals. In this fashion, crystals reproduce.
Clay crystals tend to break up easily during their formation, as a
result of cyclical and sporadic variations in ambient conditions, similar to the way in which the layers of a mica crystal (not a clay, but a
relatively easily studied prototype for clays) can separate because of
12 Richard Lewontin, "The Units of Selection," Annual
Review of Ecology
and Systematics, I (1970): 1-18, p. 1; A. G. Cairns-Smith, Seven Clues to the
Origin of Life (New York: Cambridge, 1985), p. 2; R. Dawkins, The Selfish Gene
(New York: Oxford, 1976), pp. 150ff.
3 My information about crystals in general, and clay crystallites in particular, is
due to Cairns-Smith: "The Origin of Life and the Nature of the Primitive Gene,"
Journal of Theoretical Biology, X (1965): 53-88; Genetic Takeover and the
Mineral Origins of Life (New York: Cambridge, 1982); and "The First Organisms," Scientific American, CCLII, 6 (1985): 90-100. I had long thought that the
natural selection reading of the etiological approach was vulnerable to hypothetical counterexamples involving value-free cases of natural selection, and I speculated that crystals might be an appropriate setting for such hypothetical cases.
Upon discovering Cairns-Smith's discussion of clay crystallites (written for an
entirely different purpose), I was delighted to learn that the counterexamples I
had imagined were not merely hypothetical but actual.
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changes in external conditions, such as the presence of certain ions.
Just as a population of reproducing biological organisms is the setting for biological evolution, a population of reproducing crystals
can be the setting for crystal evolution.
Variation. In an ideal world, all crystals of a given substance
would be exactly alike in structure. Each part of an ideal crystal
would have a molecular lattice structure that is just like that found
in every other part. In our actual world, all crystals have flaws. These
crystal defects are produced haphazardly, "randomly," just as genetic mutations are, and the potential variety of crystalline defects is
enormous. These flaws can be a source of novel information in the
evolution of crystal populations, just as genetic mutations are in
organic evolution. Flaw-produced novelties can be expressed in a
wide variety of "phenotypic" traits. For example, physical defects in
crystals can affect a crystal's shape, its growth rate, and the conditions under which it cleaves. In addition, the chemical defects in
microscopic crystallites can play a dominant part in determining
their physicochemical properties, such as whether they remain dispersed, coalesce into loose clusters, or form a gel; even the density
of the gel can be affected. Thus, crystalline defects cause the sort of
random variation in phenotypic traits required by natural selection.
Heredity. When a new layer of a crystal grows, it copies the geometrical arrangement of atoms occurring in the layer below. For
example, new layers in a graphite crystal copy the flat hexagonal
pattern of the carbon atoms in the lower layers of graphite, while
new layers in a diamond crystal copy the tetrahedral pattern of the
carbon atoms in the lower layers of diamond. Crystalline defects can
be copied in the same way. For example, as atoms in new layers align
with the atoms below, any grain boundaries or dislocations tend to
be copied and, thus, the defect propagates in subsequently added
layers. When a crystal with such a defect cleaves and reproduces, the
crystalline offspring will contain the same defect, and the defect will
then propagate through the layers as these new crystals grow. When
these new crystals themselves cleave, the defect will be passed on to
their offspring. In this way, the defects and the phenotypic traits
they cause can propagate from generation to generation. If further
defects occur, these too can propagate through the crystal population. Many "mutations" later, a population of crystals can contain
many different crystal "species," each with its own characteristic
pattern of crystalline flaws and resulting phenotypic traits. These
different species can provide the subpopulations among which nature selects.
Adaptivity. For natural selection to get a grip on the subpopulations, the inherited variations must have the ability to affect the
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crystal's survival and reproductive success-its fitness. There are
many ways in which crystalline phenotypic traits might accomplish
this. A crystal's shape, the rate at which it grows and the conditions
under which it cleaves (reseeds) can all affect the rate at which that
crystal "species" proliferates. A crystallite species' physicochemical
properties, such as whether the particles remain dispersed, coalesce
into loose clusters, or form a gel, can affect their dispersal tendencies. The density of such gels can affect the diffusion rate of the
clay-forming solution and thus the rate at which they reproduce.
These are just some of the ways in which crystal traits can bear on
the relative fitness of different crystal "species." An example from
Dawkins"4nicely illustrates how a clay crystal's defect-driven traits
can be adaptive.
Whether or not a particular type of clay crystal is allowed to build up
depends, among other things, upon the rate and pattern of flow of the
stream [in which the chemical building blocks of crystals are dissolved].
But deposits of clay can also influence the flow of the stream....
[S]uppose that a variant of a clay improves its own chances of being
deposited by damming up streams. This is an inadvertent consequence
of the particular defect structure of the clay. In any stream in which
this kind of clay exists, large, stagnant shallow pools form above dams,
and the main flow of water is diverted into a new course. In these still
pools, more of the same kind of clay is laid down. A succession of such
shallow pools proliferates along the length of any stream that happens
to be 'infected' by seeding crystals of this kind of clay. Now, because
the main flow is diverted, during the dry season the shallow pools tend
to dry up. The clay dries and cracks in the sun, and the top layers are
blown off as dust. Each dust particle inherits the characteristic defect
structure of the parent clay that did the damming, the structure that
gave it its damming properties. . . . The dust spreads far and wide in
the wind, and there is a good chance that some particles of it will
happen to land in another stream, hitherto not 'infected' with the seeds
of this kind of dam-making clay. Once infected by the right sort of dust,
a new stream starts to grow crystals of dam-making clay, and the whole
depositing, damming, drying, eroding cycle begins again (ibid.,
p. 153).

Now that we appreciate the possibility (indeed, actuality) of natural selection among crystals, we have the ingredients of a value-free
case of natural selection. Thus, we can finally assess the version of
the etiological approach to teleology which appeals to natural selection, for we can now drive a wedge between the value diagnosis and

14 The Blind Watchmaker: Why the Evidence of Evolution
verse without Design (New York: Norton, 1986).
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the natural selection diagnosis of the stick in the stream counterexample.
We have seen that populations of clay crystals can have all the
elements necessary for evolution by natural selection. Consider the
crystalline defect (call it D) that is responsible for the damming
action of Dawkins's clay. Notice that natural selection causes D to
persist in the clay population because of its "advantageous" dammaking effects. In short, just as natural selection favors the black
subpopulation of the peppered moth in those environments blackened by industrial pollution, natural selection favors the clay species
containing D in the environment described by Dawkins. But, while
we are inclined to say that the moth's dark coloring is to camouflage
them from predatory birds, we would not want to say that, as a
matter of natural teleology, the purpose of D is to make dams, that
D is there for the sake of making dams or in order to make dams.
Thus, when a process of natural selection causes a trait to persist in
a population because of its effects, there is no guarantee that the
trait will be for the sake of that effect. The trait might not be for the
sake of anything. So, even though the dead planet has the physicochemical resources to support a full-blown process of natural selection, it is still not the kind of place where there is any teleology.
Merely having a population of replicating entities will not produce
teleology, not even if the entities have random variations that are
heritable, not even if those variations can affect the degree to which
those entities proliferate. What happens on the dead planet has no
purpose and is for the sake of nothing; it is merely a physicochemical process. Therefore, contrary to those versions of the etiological
approach to teleology which are couched in terms of natural selection, natural selection is not sufficient for teleology. A feature might
not be for the sake of the effect by virtue of which it has been
favored by natural selection; a feature that has been naturally selected might not be for the sake of anything.
To summarize: the presence of natural selection in populations of
crystals allows us to check whether the etiological approach to teleology which appeals to natural selection captures a sufficient condition, for each condition in the approach can be satisfied by features
of crystals. But, intuitively, features of crystals are not the sort of
things that fall within the realm of teleology. Thus, we have a clearcut counterexample to the natural selection version of the etiological approach to teleology.
III

How should we diagnose this counterexample to the natural selection treatment of teleology? We do think that the peppered moth's
dark coloring is for the sake of protecting it from predators, that the
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heart pumps blood in order to circulate it-in general, that those
traits in biological organisms favored by natural selection are clearcut instances of natural teleology. This raises the question: What
differentiates natural selection in crystal populations and natural
selection in biological populations? If natural selection among crystals is insufficient for teleology, then why is there genuine teleology
in the biological products of natural selection? Here the value diagnosis reasserts itself: value notions apply in the biological world but
not on the dead planet. Dark coloring is good for peppered moths
in industrial environments; but it is clearly a metaphor at best to say
that mineral property D is "good" for Dawkins's dam-making crystals. Value notions apply to living things, even those which are not
human. For horses, birds, bees, plants, even amoebas, the notion of
being made better or worse off by a trait makes sense. On the other
hand, these value notions do not make sense when applied to crystals, rocks, and other bits of inorganic matter, except perhaps metaphorically. So, as with the original stick in the stream counterexample, the value diagnosis explains away the crystal counterexample by
pointing to the absence of an appropriate role for value.
The narrow naturalist might resist this value diagnosis. Although
space limitations prevent any discussion, let me at least indicate two
concerns. (i) The naturalist might bite the bullet and insist that
value-free clay crystallites can be teleological, but this move leads to
an implausible radical panteleologism. (ii) The naturalist might attempt to rule out crystal teleology by restricting consideration to
natural selection in living populations, but it proves difficult to give
a noncircular narrowly naturalistic account of life.'5
These difficulties with naturalistic accounts of biological teleology
arise specifically for the narrow naturalism that banishes "transcendent standards of value" from nature. But naturalists need not be
narrow. A broader view of nature, perhaps roughly Aristotelian in
outlook, could reckon objective standards of value as part of the
natural order. According to this broader form of naturalism, which
would contrast with supernaturalism and would reject the miraculous in nature, values would be real ineliminable natural properties,
subject to broadly scientific investigation. Making sense of this
broadly construed naturalism might enable the many attractions of a
naturalistic treatment of biological teleology to be realized.
MARK BEDAU

Reed College
15 Norman Packard and I discuss the connection between teleology, life, and
evolution in "Measurement of Evolutionary Activity, Teleology, and Life," in C.
Langton, C. Taylor, D. Farmer, and S. Rasmussen, eds., Artificial Life II (Redwood City, CA: Addison-Wesley, 1991).
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