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TESTING ADAPTATIONISM: A COMMENT ON
ORZACK AND SOBER

One of the most heated areas of controversy within contemporary evolutionary
biology concerns adaptationism and the importance of natural selection relative
to other evolutionary factors. Because these debates sometimes seem to be more
ideological than scientific, Orzack and Sober’s (1994) recent suggestion about
how to test adaptationism is likely to be well received. However, as we will
show, both their statement of the hypothesis of adaptationism and their method
of testing it are seriously flawed. We will try to refine the relevant hypotheses
and consider the extent to which, and the methods by which, they can be tested.
In this way we do take Orzack and Sober’s project seriously. But, we wish to
state at the outset that the status of the ‘‘adaptationist program’’ does not stand
or fall on the outcome of their project or our revision of it here. That is, even if
the hypothesis of adaptationism cannot be stated in a precise enough manner to
be testable, or if it is so statable but proves to be false, the value of an adaptational
approach to evolutionary biology is not necessarily diminished (see Mayr 1983
and Williams 1992 for further discussion). Nonetheless, we think it uncontrover-
sial that in science a well-posed thesis is preferable, everything else being equal,
to an ill-posed or untestable one, and our purpose here is to demonstrate that
Orzack and Sober’s thesis of what constitutes adaptationism is ill posed.

ORZACK AND SOBER’S STATEMENT OF ADAPTATIONISM

The claim that adaptationism is a testable hypothesis is one that many evolu-
tionary biologists would find far from obvious. Some would think of adapta-
tionism as a research strategy (e.g., Mayr 1983); others would think that as a
hypothesis it is simply too vague to be tested (e.g., Lewontin 1978; Gould and
Lewontin 1979). Orzack and Sober recognize this ambiguity and set out to clarify
the definition of adaptationism. They begin by distinguishing three statements
concerning a trait T of an individual in a population (Orzack and Sober 1994, p.
362):

(U) Natural selection played some role in the evolution of 7. (U stands for
ubiquitous since we believe this proposition applies to most traits.)
(I) Natural selection was an important cause of the evolution of 7. (I stands
for important.)
(O) Natural selection is a sufficient explanation of the evolution of 7, and T
is locally optimal. (O stands for optimal.)
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According to Orzack and Sober, ‘‘“These propositions are presented in order of
increasing strength. Proposition (O) entails (I) but not conversely, and (I) entails
(U) but not conversely’” (p. 362). In this discussion, we will focus on (O), as
Orzack and Sober did, and on its generalization, which we label (A) for adapta-
tionism:

(A) Natural selection is a sufficient explanation for most nonmolecular traits,
and these traits are locally optimal (Orzack and Sober 1994, p. 364).

Orzack and Sober take (A) to be a reasonable generalization of (O) since they
think that adaptationism should not be saddled with the stronger universal claim
that all traits are sufficiently explained by natural selection and that all traits are
locally optimal. We agree with this.

AMBIGUITY IN (0)

In this section we will show that there are two important ambiguities in their
statement of (O). The first concerns the notion of sufficient explanation. The
second concerns the intended backward time scale of these explanations. These
ambiguities prevent a clear interpretation of whether evolutionary change is con-
sistent with the adaptationist view.

What do Orzack and Sober mean by sufficient explanation? They ‘‘define the
concept of sufficient explanation by reference to the predictions one obtains from
a ‘censored’ model (i.e., a model in which the only evolutionary force is natural
selection)’” (p. 363). In particular, a model involving only natural selection is
deemed a sufficient explanation if (1) the model predicts a final state T in a
population and observations are, within the limits of estimation error, consistent
with this prediction and (2) all individuals in the population exhibit the same
phenotype or distribution of phenotypes.

The difficulty with criterion 1 is that failing to reject the selection (O-type)
model says nothing about whether there are other, I-type or U-type models that
might also fail to be rejected when their predictions are compared with observa-
tions. This is particularly likely to be a problem when O-type and I-type models
predict the same evolutionary endpoint but differ in the trajectory by which that
endpoint is reached. Since both models predict the same final state, they both
satisfy criterion 1. Criterion 1 thus a priori gives precedence to an O-type model
over equally explanatory I-type models if an O-type model can be shown to be
consistent with the data. This precedence is problematical, however, if making
the statement that something is an adaptation is taken to imply something about
the actual processes that moved a population to state T, an implication with which
we believe most evolutionary biologists would agree (but see Williams 1992, sec.
4.1, for an exception). In that case, the extreme assertion of adaptationism, analo-
gous to Orzack’s and Sober’s proposition (O), is that natural selection was the
only important force involved in the evolution of the population to state 7.

The only way this type of statement can be reasonably accepted is to demon-
strate not only that an O-type model is consistent with final state T but also that
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no plausible I-type (or U-type) models are also consistent with state T. A detec-
tive who finds a body in a house that has just burned down does not automatically
conclude that the fire was the cause of death, even though the fire model predicts
death; that is, fire can cause death and the person is dead. Because there are
other possible and plausible causes of the person’s death, the detective should
resist this inference. Put conversely, only after eliminating other plausible possi-
bilities should the detective conclude that fire was the cause of death. Likewise,
since T can be fixed in a population by other means, evolutionists should be wary
of inferring (O) from the observation of fixation of 7. In other words, Orzack and
Sober’s criterion 1 is incomplete if the goal of adaptationism is to explain how
traits actually evolved, precisely because it concentrates on the final state and
not the process that moves it there.

Perhaps Orzack and Sober do not intend (O) to be a statement about actual
evolutionary trajectories. Perhaps (O) and its generalization (A) represent claims
that the world is as if natural selection were the only causal process operative in
evolution. In that case, the above criticisms are irrelevant, but insofar as evolu-
tionists see themselves as concerned with the processes that actually cause evolu-
tionary change, these ‘‘as-if”” hypotheses are not very relevant or interesting.
Moreover, passages from Orzack and Sober’s article seem to indicate that they
share our view that (O) is actually a historical claim. For example, they claim
(p. 367) that an evolutionarily stable strategy (ESS) ‘‘is evidence that natural
selection has produced a locally optimal phenotype.’’

The second ambiguity in (O) concerns the backward time scale of the censored
models. Are these models supposed to take us from a few generations prior to
the observation, or from a hundred, a thousand, or a million generations? How
this question is answered matters for at least two different reasons.

First, some ESSs can become fixed in a population by natural selection alone,
once the ESS genotype is at a high enough frequency, but at lower frequencies
selection will not take it to fixation (see, e.g., Rausher 1984; Rausher and En-
glander 1987; we will discuss this example in the next section). Thus, from a
shorter-term perspective, (O) will be true of this trait, but from a longer-term
perspective it will be false. In cases such as this, to evaluate (O) we need to
know how far back in generational time we are to start our censored model.

Second, it is generally conceded that natural selection cannot, and is not sup-
posed to, explain the initial appearance of any variant; natural selection can only
explain the relative success of different variants in competition with one another.
Therefore, again it matters how far back we start our explanatory model. If we
go back far enough, the trait 7, whose fixation we are trying to explain, will not
yet exist in the lineage. In that case, something beyond natural selection, presum-
ably some developmental biology and perhaps some molecular genetics, will be
needed. This is not a nit-picking point—it is precisely what is at issue in many
contemporary criticisms of adaptationism (e.g., Gould and Lewontin 1979). Put
another way, natural selection will be a sufficient explanation of all, or most, of
evolution only if all possible variants eventually come to exist. If not, if there are
significant biases in the production of variation, then something beyond natural
selection will be needed in complete evolutionary explanations. By not giving
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any indication about how far back they intend their censored models to extend,
Orzack and Sober effectively evade this controversy. But evading is not re-
solving.

PROPOSITION (O) IS A CONJUNCTION OF TWO INDEPENDENT CONDITIONS

The ambiguities discussed above can be resolved, and we do so below. But
our major criticism of (O) has to do not with its ambiguity or vagueness, but
rather with the confusions that result from the conjunction of (1) the idea that
natural selection is the sufficient, or sole, cause of T with (2) the idea that T is
optimal. These two ideas are logically, and biologically, quite distinct, and neither
implies the other. However, we will show that Orzack and Sober conflate them
at several crucial places in their argument.

Proposition (O) is a conjunction of the statements ‘‘Natural selection is a suffi-
cient explanation of the evolution of 77’ and ‘T is locally optimal.’’ For the sake
of this discussion, and for reasons outlined in the previous section, let us resolve
the ambiguities inherent in the first part (conjunct) of this conjunction by inter-
preting it as follows:

(S) Natural selection is the sole process involved in the evolution of T (from
the point in time at which all of the relevant variants exist in the relevant
lineage). (S stands for selection.)

Let us label the second conjunct of their proposition (O) as (O*):
(O*) Tis locally optimal.

Although we are not sure that Orzack and Sober would agree, we see (S) as a
more precise and defensible version of the first conjunct of their (O), and we are
thus interpreting (O) as the combination of (S) and (O*). By specifying that natural
selection is the sole process causing evolutionary change, this criterion avoids
the ambiguities inherent in the notions of ‘‘sufficient explanation’’ and ‘‘only
important cause.”” We later examine the consequences of relaxing this aspect of
criterion (S). (Note that [S] logically fits the series starting with [U] and [I]. That
is, [S] entails [I], but not conversely, and [I] entails [U], but not conversely. The
conjunct [O*] is logically irrelevant in this series of hypotheses of increasing
strength.)

The first point we want to make is that (S) and (O*) are independent of one
another, that is, (S) does not imply (O*) and (O*) does not imply (S). The first
half of this, that (S) does not imply (O%*), is clear. There are numerous situations
in which natural selection can be the sole evolutionary process in operation but
in which a locally optimal phenotype will not evolve to fixation. Particularly
interesting in this context are cases of negative frequency-dependent selection,
that is, cases where the rare phenotype or genotype is at a selective advantage
precisely because it is rare. An example that is plausibly quite general is negative
frequency dependence that results from host-parasite coevolution (May and An-



