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Abstract In “Spandrels,” Gould and Lewontin criticized what they took to be an
all-too-common conviction, namely, that adaptation to current environments
determines organic form. They stressed instead the importance of history. In this
paper, we elaborate upon their concerns by appealing to other writings in which
those issues are treated in greater detail. Gould and Lewontin’s combined emphasis
on history was three-fold. First, evolution by natural selection does not start from
scratch, but always refashions preexisting forms. Second, preexisting forms are
refashioned by the selection of whatever mutational variations happen to arise: the
historical order of mutations needs to be taken into account. Third, the order of
environments and selection pressures also needs to be taken into account.
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Introduction

It is common to explain the prevalence of a trait within a lineage by demonstrating
how natural selection would favor the trait in the environment inhabited. Two
prominent evolutionary biologists, Stephen Gould and Richard Lewontin, criticized
such explanations for being insufficiently historical. A proper selectionist account,
they argued, would focus on the past as well as the present, and the path from then-
and-there to here-and-now. It would feature, among other things, the ancestral state
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232 J. Beatty, E. C. Desjardins

of the lineage, and/or the order of environments inhabited by the lineage, and/or the
order of mutational variations that arose within the lineage.

The most famous of their critiques, “The Spandrels of San Marco,” was aimed
more specifically at what they called “the adaptationist program,” followers of
which supposedly advocated:

the near omnipotence of natural selection in forging organic design and
fashioning the best of all possible worlds. This program regards natural
selection as so powerful and the constraints upon it so few that direct
production of adaptation through its operation becomes the primary cause of
nearly all organic form, function, and behavior. (Gould and Lewontin 1979,
pp. 584-585)

There are two elements of the adaptationist program that are especially worth
emphasizing in connection with the importance or unimportance of history. First,
there is the view that natural selection leads to the production of “optimal” organic
form (“the best of all possible worlds,” Gould and Lewontin 1979, pp. 581, 584,
585, 593, 597). If organic form is optimal, then considerations of (current) adaptive
fit are sufficient in a way that they would not be if organic forms were suboptimal
and some (historical) factors other than (current) adaptive utility had to be invoked.

Second, there is the view that natural selection leads to the “direct production of
adaptation,” or as Gould and Lewontin also put it, natural selection leads to
“immediate adaptation to local conditions” (1979, pp. 583, 584, 587, 590, 593; our
emphasis). By “immediate” they did not mean instantaneous. Rather, they were
referring to what they believed was the all-too-common conviction that adaptation
to the current environment determines organic form. Thus they also objected to the
exclusive consideration of “current utility” in explanations of form (1979, p. 581).

Has anyone ever defended such a position? Another prominent evolutionary
biologist, John Maynard Smith, came close to endorsing it, at least on one (perhaps
careless) occasion:

most populations have had time to come close to the optimum for the
environment in which they live. (Maynard Smith 1975, 1993, pp. 11-12; our
emphasis; but see also Maynard Smith et al. 1985)

But Gould and Lewontin were for the most part not concerned to quote their
colleagues. Their point was not that too many evolutionary biologists explicitly
advocate the adaptationists’ conception of evolution by natural selection, but rather
that too many evolutionary biologists practice evolutionary biology as if it were
true, by ignoring history. If current utility were sufficient to explain the present
genetic or morphological state of a population, then evolutionary biologists could
justifiably ignore the history of that population. Its previous environments would be
irrelevant. As would the ancestral states that had prevailed in previous environ-
ments, and the evolutionary paths taken en route to the current form. Nothing other
than the current form and the current environment, and the respects in which the
former is suited to the latter, would bear on the explanandum.
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Natural selection and history 233

Such an a-historical explanation would be similar to the account we might give of
a marble resting at the bottom of a bowl (see Fig. 1, left; our treatment of this issue
follows Sober 1988, pp. 3—4).

The marble could have rolled there from anywhere inside the rim. Its equilibrium
position is independent of its initial position, which is to say that history is causally
irrelevant to the outcome. Moreover, history is not only irrelevant here; it is also
difficult to recover. Once the marble has reached equilibrium, unless there has been
some record of its trajectory (some tracks it left on the inside of the bowl perhaps?),
then its history will have been lost; it cannot be inferred or reconstructed from its
present state. Elliott Sober refers to the sort of process illustrated by the bowl
example as “information-destroying” (1988, p. 3-4).

The analogous evolutionary situation can be somewhat similarly (if invertedly)
represented with a so-called “adaptive landscape” (see Fig. 1, right). Here the x and
z axes represent the range of genotypes or morphologies under investigation, and the
y axis represents the adaptive values or fitnesses of the various genotypes or
morphologies in a particular environment. According to the adaptationist assump-
tion, the population under study would have inhabited the environment long enough
to ascend by natural selection to the peak of the landscape, where it would then rest,
regardless of where it began its climb. If we had no record of the process, then we
would have no idea what route it took to that outcome.

Let us now turn to Gould’s and Lewontin’s arguments for the importance of
history. Our sources will include not only “Spandrels,” but also work that they
published prior to that collaboration. These more expansive discussions are
important for illuminating the necessarily abbreviated treatment of history in their
1979 article. This also gives us the opportunity to discuss, in our conclusion, an
important if problematic difference between the way that Gould and Lewontin
treated history in these other publications, and the way that they treated it in
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Fig. 1 Examples of processes whose outcomes retain no trace of the past (see text). Left, a marble
dropped from the edge of a bowl with one well will always end up in the same final state, regardless of its
initial position. Right, an adaptive landscape with one peak that is eventually occupied regardless of the
starting point
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“Spandrels.” In the latter article, they portrayed historical approaches as worthy
alternatives to the strictly adaptationist view. Whereas in the earlier works they
portrayed evolution by natural selection as being by its very nature historical.

When and why history matters—Lewontin

Lewontin had earlier criticized the tendency of evolutionary biologists to appeal to
optimal equilibrium states in explanations of evolutionary outcomes. His concern
was based on the fact that “equilibria annihilate history.”

It is the nature of an equilibrium point that all paths in the dynamical space
lead to it (at least locally), so that the particular history of change is irrelevant
and, once the system is at equilibrium, there is no trace left of historical
information. (Lewontin 1974, p. 269)

By invoking optimal equilibrium states, then, investigators excuse themselves
from the need to take history seriously. As Lewontin added, this is especially
convenient because there is often no reliable record of the process anyway. “The
banishing of history is almost a necessity because there is no historical record....
Although [history may be relevant in a particular case] there is no way to find out.”
However, as he proceeded to remark, “that is not a sufficient reason to reject the
[historical] explanation” (p. 269).

Actually, stable equilibria, in and of themselves, do not render history irrelevant,
nor unrecoverable. When there are multiple equilibria, history can be quite
important. Consider the position of a marble in a bowl with two wells (see Fig. 2,
left).

The marble ends up on the left-hand side, but might have ended-up on the right
instead, depending on where inside the rim it began its descent. Its final location
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GENOTYPE / MORPHOLOGY 1

Fig. 2 Examples of processes whose outcomes reflect their past (see text). Left, a marble dropped from
the edge of a bowl with two wells will come to rest in one rather than the other depending on its initial
position. Right, an adaptive landscape with multiple peaks, one rather than the other of which will
eventually be occupied, depending on the starting point
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would then reflect its initial position (or at least a limited range of initial positions).
Sober refers to this sort of process as “information-preserving” (Sober 1988, pp. 3—
4). Similarly, for a particular population in a particular environment, there might be
two equilibrium states—two genotypes or morphologies of relatively high adaptive
value, separated in genotypic or morphological space by forms of lower value that
would not be traversable by natural selection (see Fig. 2, right). The evolutionary
outcome would then depend on the genotypic or morphological starting point,
together with the historical sequence of mutations that happened to arise. A
population might rest on one rather than the other peak for the simple reason that
mutational changes in that direction happened to arise and were selected, whereas
mutational changes in the direction of the other peak did not occur and could not be
selectively accumulated.

Lewontin employed precisely this line of reasoning in his 1978 paper,
“Adaptation:”

The theory of population genetics predicts that if more than one gene
influences a character, there will often be several alternative stable equilib-
riums of genetic composition even when the force of natural selection remains
the same. Which of these adaptive peaks in the space of genetic composition is
eventually reached by a population depends entirely on chance events at the
beginning of the selective process. (Lewontin 1978, p. 228)

So for example, two closely related and initially very similar populations or
lineages, inhabiting very similar environments, might have different mutational
histories. Thus, evolution by natural selection might result in two different gene
combinations, both of which are more adaptive than the ancestral state. This
difference would not reflect differences in the environments to which they adapted,
but rather just differences in the historical order in which mutations arose and were
selected.

Lewontin suggested that this might account for the fact that Indian rhinoceroses
have one horn, while African rhinoceroses have two (see Fig. 3). That is, it is easy
enough to imagine the protective advantages of horns in both environments, and
how evolution by natural selection would have resulted in horns of one sort or
another in both lineages. But, given that the two environments are very similar, it is
difficult to imagine that the Indian lineage acquired one horn rather than two
because of the advantages of this structure in this environment, while the African
lineage acquired two horns rather than one because of the advantages of that trait in
that environment. An alternative scenario would be that one-horned rather than two-
horned variants first arose and were subsequently selected in the Indian lineage,
whereas two-horned rather than one-horned variants first arose and were
subsequently selected in the African branch. In this case, history would matter.

Actually, this is just one way that history might matter in making sense of the
rhinoceroses’ horns. As Jonathan Coddington pointed out, there seems to be a
crucial, unexamined assumption in Lewontin’s suggestion, namely that the ancestor
of the Indian and African rhinoceroses had no horns (Coddington 1988). But the
best evidence suggests that their immediate ancestor was two-horned. Why then
would one horn come to prevail over the two-horned ancestral state in the Indian
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Fig. 3 Adaptive landscape showing how two lineages of rhinoceros might evolve in different directions,
depending on which mutations arise, and are selected, in each lineage (see text Lewontin 1978, p 225)

lineage? This historical information about the ancestry of the lineages suggests that
the two traits might be adaptations to different environments after all (however
difficult it might be to conceive what advantages one trait would have over the other
in the other environment). So while Lewontin focused on the importance of taking
into account the historical order of mutations within a lineage, Coddington focused
on the importance of taking into account the genealogical history of the lineages in
question. (See the discussion of this case in Griffiths 1996, pp. 522-523; this essay
is an excellent treatment of issues concerning the importance of history, mostly
post-“Spandrels,” and especially with regard to the importance of cladistic
analysis.)

Elsewhere, Lewontin stressed the importance of not only genetic history but also
environmental history. In his 1967 article, “The principle of historicity in
evolution,” he demonstrated that, in a fluctuating environment (and what
environment does not fluctuate?), the order of fluctuations affects the evolutionary
dynamics of a population inhabiting that environment. Imagine an environment in
which some days/months/years are cooler than average, some warmer, some wetter,
some drier, etc., and that selection for or against some genotype or morphology
fluctuates accordingly. Imagine another environment in which there are exactly the
same numbers of cooler, warmer, wetter and drier days, but in which the
fluctuations above or below the average occur in a different order. Now imagine two
initially identical populations inhabiting those two environments. As it turns out,
their evolutionary trajectories may diverge considerably, as Lewontin showed by
way of a simulation. In the first run, he randomly varied the selection values
associated with three genotypes of a two-allele locus. In the second run, he applied
the very same selection values, but in the reverse order.
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The differences between the two pathways are striking (see Fig. 4); the second
trajectory is by no means just the reverse of the first. For example, in the first run,
the frequency of the charted allele was below 0.5 for most of the duration of the
simulation, whereas in the second run, it was above 0.5 most of the time.

The main reason why the order of selection values makes such a difference
resides in elementary population genetic theory, which describes evolutionary
dynamics under Mendelian inheritance. It has to do in particular with the way in
which the rate of change in gene frequency itself changes in relation to gene
frequency. Consider the following two straightforward consequences of the Hardy—
Weinberg principle, first for haploid and then for diploid populations. In each case
we are considering one locus with only two alleles.

War — Wao
Ap = p(l - P)?

)P(WAIAl — Wai2) + (1 — p)(Waraz — Waoan)

w

In the haploid case, p is the frequency of allele Al, Wy, is the relative fitness of
genotype A1, Wy, is the relative fitness of genotype A2, and W is the average fitness.
In the diploid case, p is again the frequency of allele Al, Wj,,4; is the relative fitness
of genotype AIAI, Wy;4, is the relative fitness of genotype AIA2, Wy,4, is the
relative fitness of genotype A2A2, and W is again the average fitness.

What is important to note here is that in both cases, Ap is proportional to the
product p(1 — p), which means that as the frequency of an allele approaches 1.0 or
0.0, its rate of change slows to a near standstill, responding less and less to the
selective advantages or disadvantages associated with it. Consequently, a selection
pressure of a particular magnitude will result in a larger or smaller change in allele

Ap = p(1—-p

Fig. 4 Evolutionary pathways with order of selection values reversed (see text). Solid line, allele
frequency (right-hand y axis) changes in response to fluctuating environments. Cross-marks represent
selection values (left-hand y axis) for and against the allele. Dashed line, allele frequency changes in
response to the reverse order of selection values (Lewontin 1967, p 86)
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frequency depending on the magnitude of the allele frequency at the time when the
selection pressure is applied (and also depending on whether the selection pressure
is—at the time it is applied—in the direction of an increase or a decrease in Ap).
Thus, for instance, a small positive selection pressure applied when the frequency of
an allele is low (and when Ap is not very responsive), followed by a strong positive
selection pressure (when p and also Ap is somewhat higher), will yield a greater
change in the frequency of that allele than would a strong positive selection pressure
applied when the frequency is low, followed by a small positive selection pressure.

Now look back at the solid line of simulated gene frequency changes. The
starting frequency is 0.5. Recall that any particular selection pressure will result in a
greater gene frequency change if the initial frequency is intermediate. Note also that
the initial selection pressures included many large, positive values. Accordingly, Ap
increased responsively, until several large negative selection pressures pulled p
down so far that it hardly responded to subsequent, increasingly strong selection
pressures, and ended up considerably lower than 0.5. The dashed-line trajectory of
gene frequency changes (due to the same selection values applied in the opposite
order) dropped responsively following an initial, very negative selection value. It
then climbed in response to mostly positive selection pressures, to the point where it
was only slowly dragged down by a sustained period of strong, negative selection.
And it failed to bounce back in response to quite high, positive selection pressures
toward the end.

The fact that a selection pressure of a particular magnitude will have a greater or
lesser influence, depending on the gene frequencies at the time, means that the order
of selection pressures can have a considerable impact on evolutionary pathways. In
the case of diploids, the order of selection values can also have considerable impact
on evolutionary outcomes. Playing with the following equation,

PP Waiar + pig:Waia
w

(where w :ptzWAlAl + Zpt(l _pt)WAlAZ + (l —pt)ZWAgAz ) you can satisfy
yourself that it requires a special combination of initial gene frequencies and
fitness values in order to guarantee that even a single, one-generation change from
one selection regime to another will give exactly the same outcome if reversed. (The
effects of reversing a single change are small to be sure; the point is that even the
reversal of a single change makes a difference; multiple changes over extended
generations lead to greater differences.)

Implicit in all this is the perhaps unintuitive point that the evolutionary state of a
population is sometimes a better reflection of its more distant than its more
immediate environmental history. For example, the fact that the solid line trajectory
of gene frequencies in Fig. 4 ended up well under 0.5 was certainly not due to the
fact that there had just occurred a long stretch of strong selection in its favor! This
was much more a matter of the preceding stretch of negative selection that had
reduced its frequency to such a non-responsive point.

This can be more easily seen by looking at just one change in environments or
selection pressures. Imagine a population with three genotypes AIAI, AIA2, and
A2A2. Suppose that the population has long inhabited an environment in which

Pi+1 =
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AIAI and AIA2 have been favored over A2A2, so that the frequency of Al now
hovers near 1.0. Now suppose that the environment changes substantially, so that
AIAI and AIA2 are selected against. For a long time, the frequency of Al will
continue to hover near 1.0, suggesting falsely to an observer who notes only their
static prevalence, that AJAJ and AIA2 are quite fit relative to A2A2 (see Fig. 5). In
similar fashion, a population starting at a very low gene frequency may remain in
that state for a long time before undergoing a significant increase, regardless of
strong selection in favor of the genotypes that include it. On the other hand, if the
allele frequency does not reach such extreme values (i.e., ~0.0 or ~1.0), then its
rate of change will better reflect the recent selection regime.

When and why history matters—Gould

Prior to their collaboration on “Spandrels,” Gould had also emphasized the
importance of history, in several respects. For example, he had stressed the possible
existence of something like multiple adaptive equilibria—or at least multiple,
adaptively adequate responses to the same environment. Which of these outcomes
would be realized depended, for him, not only on the order of mutations that arose
for natural selection to act upon, but also—and perhaps most critically from Gould’s
point of view—on the ancestral state that was being modified in the process and that
acted as a “constraint” on the outcome. He liked to stress that this combination of
indeterminacy and historical constraint allowed for, or almost guaranteed, sub-
optimal results. One of the examples for which he was most famous was the panda’s
“thumb,” a workable, opposed digit that was no digit at all, but rather an
evolutionarily modified wrist bone. The lesson taught was that,

An engineer’s best solution is debarred by history. The panda’s true thumb is
committed to another role, too specialized for a different function to become
an opposable, manipulating digit. So the panda must use parts on hand and
settle for an enlarged wrist bone and a somewhat clumsy, but quite workable,
solution. (Gould 1978a, 1980, p. 24)

Fig. 5 Changes in frequency of 1.0 1

allele A/ over 1,000 generations

when the starting frequency of 0.8 4

Al is 0.99, and the fitnesses of

AlAl, AIA2, and A2A2 are 0.9, 0.6

0.9, and 1.0, respectively (and ";: R

when the population size is =

infinite; see text; simulated Y 0.44

using AlleleAl software by Jon

Herron) 0.2 4
0
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As was Gould’s style, he traced the lineage of his own reasoning back to Darwin,
and especially to Darwin’s work on orchids (Gould 1978a, 1980, passim). It is worth
elaborating on this not-so-well-known work of Darwin in order to show how it
illuminates Gould’s own views of the importance of history.

In his book, On the Various Contrivances by which British and Foreign Orchids
are Fertilized by Insects (1877), Darwin argued that as diverse as orchid flowers are,
they are all three-petal, three-sepal devices serving basically the same function,
namely to enlist flying insects in their cross-pollination (and thus to avoid
inbreeding). These various “contrivances” for intercrossing had evolved, he
believed, under virtually the same environmental circumstances, e.g., the same
range of available insects. Sometimes one part of the flower had been modified to
entice insects in the vicinity, by mimicry or by scent, or to trap them; sometimes
another part had been modified to do the same job. Once the insects had arrived, the
pollen had to be attached. Some flowers were so constructed as to catapult pollen at
the visiting insects; some catapult the insects against the pollen; some simply induce
the visitors to travel past and brush-up against the pollen, etc. Thus cross-pollination
is accomplished in very different ways, the different outcomes being due in large
measure—Darwin argued—to differences in the historical order of mutational
variation among different lineages.

These contraptions are hardly optimal cross-pollination devices, constructed out
of whatever parts would have been most suitable to the task; rather, they are
workable modifications of the ancestral state, based on the selection/rejection of
whatever variations on the ancestral theme happened to present themselves. They
are, as Gould put it, “jury-rigged” or improvised, more in the manner of a
handyman than God. As he quoted Darwin, it was “[as] if a man were to make a
machine for some special purpose, but were to use old wheels, springs, and pulleys,
only slightly altered.... (Darwin 1877, pp. 283-284, quoted in Gould (1978a, 1980),
p- 26)

An example that particularly struck Darwin involved the position of the so-called
“labellum” petal in the bog orchid, Malaxis paludosa. Gould did not discuss this
example, but it optimally (!) illustrates the message he drew from Darwin’s work,
and so we present it here. In most fully formed orchid flowers, the labellum is the
lowermost of the three petals. In that position, it often serves as a landing pad or a
trap. But interestingly, during the development of the flower, the labellum actually
starts out on top and then arrives at the bottom through a 180-degree twisting of the
flower’s stem (usually including the ovarium). Darwin reckoned that the position of
the labellum in the ancestral orchid had been uppermost, presumably on the grounds
that this is also the original position in development, and assuming more generally
that the order of development reflects the order of ancestry. He understood the now-
typical, lowermost position of the labellum to be an outcome of evolution by natural
selection of the more twisted variations that had happened, by chance, to arise
(Darwin 1877, p. 284).

But Darwin was especially intrigued by cases where the labellum had resumed its
uppermost position, which in some cases had resulted from the selection of less and
less twisted variations (so that the flower did not twist when emerging), and in other
cases like Malaxis paludosa had come about as the result of selection for more and
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more twisted forms. Flowers of the latter sort twist a full 360 degrees just in order to
resume their starting position (see Fig. 6)!
As Darwin described the situation,

... in many Orchids the ovarium (but sometimes the foot-stalk) becomes for a
period twisted, causing the labellum to assume the position of a lower petal, so
that insects can easily visit the flower; but ... it might be advantageous to the
plant that the labellum should resume its normal position on the upper side of
the flower, as is actually the case with Malaxis paludosa, and some species of
Catasetum, &c. This change, it is obvious, might be simply effected by the
continued selection of varieties which had their ovaria less and less twisted,
but if the plant only afforded variations with the ovarium more twisted, the
same end could be attained by the selection of such variations, until the flower
was turned completely on its axis. This seems to have actually occurred with
Malaxis paludosa, for the labellum has acquired its present upward position by
the ovarium being twisted twice as much as is usual. (pp. 284-285)

So it had apparently become advantageous for Malaxis and some species of
Catasetum to have their labellae uppermost. But due to differences in the order of
mutational variations that happened to occur in the two lineages, evolution by natural
selection had resulted in very different means of serving this end: a 360-degree twistin
the first case, and no twist in the second (see also Lennox 1993; Beatty 2004).

Darwin came to believe that much of the diversity of life could be understood in
this way: as different means to the same ends—alternative modifications of an
ancestral form, brought about by natural selection of whatever variations happen to

Fig. 6 Malaxis paludosa, with its 360-degree twisted flower stalk. The labellum petal is labelled “1” (see
text; Darwin 1877, p. 130)
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arise (see also later editions of the Origin, e.g., Darwin 1872, pp. 153-165). From
Gould’s point of view, what Darwin’s work on orchids also demonstrated was the
fact that, and the reason why, evolutionary outcomes are far from optimal. This is
due not only to the possibility of multiple adaptively adequate solutions being
arrived at by the selection of whatever variations happen to arise, but also to what
Gould called “historical constraints.” The patent sub-optimality of Malaxis
paludosa’s 360-degree twist, for example, is partly a matter of evolution by natural
selection always having to depend on whatever mutations present themselves—in
this case greater-than-180-degree instead of less-than-180-degree variations. But it
is also a matter of evolution by natural selection always having to refashion existing
forms rather than being able to start from scratch with whatever materials would be
best for the occasion. The novel forms selected are always variants of preexisting
forms. In the case of Malaxis paludosa, the starting point is the already twisted
ancestor. Evolution by natural selection is in this sense “constrained by history,” as
Gould liked to say.

Gould also liked to point out that Darwin had used the suboptimality of organic
form to make the case for evolution by natural selection rather than divine design,
and in this respect the orchid book was one of Darwin’s most pointed critiques of
special creation. If orchids were the work of a creator, then he was more like an
ordinary handyman than the Judeo-Christian God. As Gould himself summarized
the point,

Odd arrangements and funny solutions are the proof of evolution [by natural
selection]—paths that a sensible God would never have tread but that a natural
process, constrained by history, follows perforce. (1979, p. 21)

Gould loved to tweak adaptationists for making the same mistake as special
creationists (see also Gould 1978b, 1980, 1978c, 1980).

Gould invoked basically the same two notions of history—the historical order of
mutational variations and historical constraints—in another of his typically
historical-conceptual analyses, this time his treatment of the so-called “irrevers-
ibility” of evolutionary change, where he focused on the work of the turn-of-the-
century paleontologist, Louis Dollo (Gould 1970; see also Gould and Robinson
1994). We discussed microevolutionary irreversibility (and its Mendelian basis)
above. But the question of evolutionary reversibility or irreversibility usually
concerns macroevolution. More specifically, it concerns the question what would
happen if a lineage came to occupy an environment similar to one it had previously
inhabited and to which it was previously, but no longer adapted. Would it reacquire
the same adaptations it once had? Dollo posited what has since become known as
“Dollo’s law,” namely that,

An organism never returns exactly to a former state, even if it finds itself
placed in conditions of existence identical to those in which it previously
lived.” (Dollo 1905, p. 443, cited in Gould 1970, p. 196)

Dollo mostly presented empirical evidence, but he was also concerned to provide
theoretical grounds for his generalization. He offered at least two different reasons.
First, in order for reversibility to occur, the exact same variations would have to
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reappear and be selected in reverse order. And this becomes more and more
improbable in proportion to the number and complexity of the traits in question. As
Gould quoted him,

The irreversibility of evolution is not simply an empirical law resting on facts
of observation, as many have believed. It has deeper causes which lead it, in
the last analysis, to a question of probabilities as with other natural laws. In
effect, evolution is a summation of perfectly determined individual variations
in a perfectly determined order. In order for it to be reversible, we would have
to admit the intervention of causes exactly inverse to those which gave rise to
the individual variations which were the source of the first transformation and
also to their fixation in an exactly inverse order—a circumstance so complex
that we cannot imagine that it has ever occurred. Otherwise, we might as well
maintain that by throwing into the air the characters necessary for printing the
Iliad, the poem would be completely composed by the simple fall of these
little metallic blocks. (Dollo 1913, p. 59; translated by, and cited in Gould
1970, p. 199)

This is clearly related to the idea that the outcomes of evolution by natural
selection depend on the historical order in which mutational variations arise.

A second reason for the irreversibility of evolution has to do with historical
constraints. For a lineage to evolve from an initial state to a second state, and from
the second state to a third, and then back to the second, this would involve reaching
the same state, namely the second, from two different starting points, namely the
initial and third states. But the more divergent the initial and third states are, the
more unlikely this becomes, because natural selection would be accumulating
variations on the initial type in the first transformation, and variations on the third
type in the last transformation. The variations on the initial type would bear its
historical stamp, and the variations on the third type would bear its historical stamp,
and the outcomes would inevitably differ somewhat. As Gould quoted Dollo, this
time continuing from the generalization concerning irreversibility,

An organism never returns exactly to a former state, even if it finds itself
placed in conditions of existence identical to those in which it previously
lived. But by virtue of the indestructibility of the past ... it always keeps some
trace of the intermediate stages through which it has passed. The ichthyosaur,
its lungs—Zostera, its flowers.” (Dollo 1905, p. 443, translated by and cited in
Gould 1970, p. 196, and in Gould and Robinson 1994, pp. 368-369)

In other words, the marine reptilian ichthyosaurs were presumably derived from
land reptiles, which were in turn derived from fish. And the ichthyosaurs do
resemble fish in certain respects (see Fig. 7). But evolution was not completely
reversed because the ichthyosaurs still had lungs and four rudimentary limbs, the
virtually indestructible sign of their intermediate reptilian ancestry.

Similarly, the marine plants of the genus Zostera were presumably derived from
land flowering plants, which were in turn derived from marine plants. And Zostera
do resemble other marine plants in important respects. But again evolution has not
been completely reversed, because Zostera still has the flowers acquired on land.
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N O

marine land .. marine
ancestor ———— = fish ————m= reptile ————m= ichthvosaur

Fig. 7 The ichthyosaur as an example of evolutionary irreversibility, due largely to historical constraints,
but also to the happenstance of mutational variation (see text)

Conclusion

In “The Spandrels of San Marco,” Gould and Lewontin said much less about the
relevance of history than they had previously said separately. But what they did say
was importantly—if also problematically—different. In “Spandrels,” they pro-
moted what they called a “pluralistic” approach to evolution, in the same spirit as
Darwin, who never relied exclusively on evolution by natural selection to explain
organic form; he had also invoked, for instance, evolution by the inheritance of
acquired characters. To be sure, some of Darwin’s alternatives had in the meantime
been discredited. But Gould and Lewontin appreciated Darwin’s willingness to
consider other possibilities, as opposed to the allegedly narrow outlook of the
adaptationists, for whom natural selection is so powerful that it leads immediately to
optimal adaptation and thus renders alternative evolutionary factors irrelevant.

In Darwin’s pluralistic spirit, we present ... alternatives to immediate
adaptation for the explanation of form, function and behavior (p. 156).

Among the alternative factors, they included “history” in the sense of the
“steps” (presumably including the order of mutational variations) leading a
population in the direction of one rather than another adaptive peak, and also
historical constraints in the sense of ancestral forms (no mention in “Spandrels” of
the history of environments and selection pressures, which would have been more
difficult to cover quickly). But in recommending these as “alternatives” to the
adaptationist point of view, they seemed to endorse the idea that there is a non-
historical kind of evolution by natural selection on the one hand, and on the other
hand there is history, when what they had previously seemed at pains to point out
was that evolution by natural selection just is historical, and deeply so.

First, evolution by natural selection is historical because it does not start from
scratch, but always refashions preexisting forms. Evolutionary outcomes are
dependent on ancestral starting points. Second, if we are talking about evolution by
natural selection of chance variations, then the process is doubly historical, in that
preexisting forms are refashioned by the selection of whatever mutational variations
happen to arise. Evolutionary outcomes are dependent on the historical order of
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mutation. Third, if we are talking about evolution by natural selection of chance
Mendelian variations, then the process is triply historical. Because now the order of
environments and selection pressures needs to be taken into account as well, as
indicated by population genetic theory.

One might argue that in any particular case, the outcomes of evolution do not
depend on historical factors. For example, two very closely related and hence
genetically and morphologically similar lineages may come to inhabit different
environments and diverge evolutionarily. In this case, the different outcomes would
not be due to different historical constraints, and may as a matter of fact also not be
due to differences in mutational history since the same mutations may have
occurred in each lineage, and in the same order. Nonetheless, one would need to
know something about the relevant ancestral and mutational histories to make this
case. Or at least one would have to assume something about those histories.

Recall that Lewontin had sarcastically, but pointedly suggested that while
evolution by natural selection may be an historical process, nonetheless the relevant
history may be unrecorded and unrecoverable (perhaps Gould would have been less
skeptical, at least with respect to historical constraints). Hence the temptation to
wish that current utility is all that matters. However, wishing doesn’t make it so.
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