17 The Episodic Nature of
Evolutionary Change

oN NoveEMBER 23, 1859, the day before
his revolutionary book hit the stands, Charles Darwin re-
ceived an extraordinary letter from his friend Thomas
Henry Huxley. k offered warm support in the coming con-
flict, even the supreme sacrifice: *I1 am prepared to go to the
stake, if requisite . . . I am sharpening up my claws and beak
in Teadiness.” But it alsc contained a warning: “You have
loaded yourself with an unnecessary difficulty in adopting
Natura non facit saltum so unreservedly.”

The Latin phrase, usually attributed to Linnaeus, states
that “nature does not make leaps.” Darwin was a strict
adherent to this ancient motto. As a disciple of Charles
Lyell, the apostle of gradualism in geology, Darwin por-
trayed evolution as a stately and orderly process, working
at a speed so slow that no person could hope to observe it
in a lifetime. Ancestors and descendants, Darwin argued,
must be connected by “infinitely numerous transitional
links” forming *‘the finest graduated steps.” Only an im-
mense span of time had permitted such a sluggish process
to achieve so much.

Huxley felt that Darwin was digging a ditch for his own
theory. Natural selection required no postulate about rates;
it could operate just as well if evolution proceeded at a rapid
pace. The road ahead was rocky enough; why harness the
theory of natural selection to an assumption both unneces-
sary and probably false? The fossil record offered no sup-
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port for gradual change: whole faunas had been wiped out
during disarmingly short intervals. New species almost al-
ways appeared suddenly in the fossil record with no inter-
mediate links to ancestors in older rocks of the same region.
Evolution, Huxley believed, could proceed so rapidly that
the slow and fitful process of sedimentation rarely caught it
in the act.

The conflict. between adherents of rapid and gradual
change had been particularly intense in geological circles
during the years of Darwin's apprenticeship in science. 1 do
not know why Darwin chose to follow Lyell and the gradual-
ists so strictly, but I am certain of one thing: preference for
one view or the other had nothing to do with superior
perception of empirical information. On this question, na-
ture spoke (and continues to speak) in multifarious and
muffled voices. Cultural and methodological preferences
had as much influence upon any decision as the constraints
of data.

On issues so fundamental as a general philosophy of
change, science and society usually work hand in hand. The
static systems of European monarchies won support from
legions of scholars as the embodiment of natural law. Alex-
ander Pope wrote:

Order is Heaven's first law; and this confessed,
Some are, and must be, greater than the rest.

As monarchies fell and as the eighteenth century ended
in an age of revolution, scientists began to see change as a
normal part of universal order, not as aberrant and excep-
tional. Scholars then transferred to nature the liberal pro-
gram of siow and orderly change that they advocated for
social transformation in human society. To many scientists,
natural cataclysm seemed as threatening as the reign of
terror that had taken their great colleague Lavoisier.

Yet the geologic record seemed (o provide as much evi-
dence for cataclysmic as for gradual change. Therefore, in
defending gradualism as a nearly universal tempo, Darwin
had to use Lyell's most characteristic method of argument
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—he had to reject literal appearance and common sense for
an underlying “reality.”” (Contrary to popular myths, Dar-
win and Lyell were not the heros of true science, defending
objectivity against the theological fantasies of such “catas-
trophists” as Cuvier and Buckland. Catastrophists were as
committed to science as any gradualist; in fact, they adopted
the more “objective” view that one should believe what one
sees and not interpolate missing bits of a gradual record
into a literal tale of rapid change.) In short, Darwin argued
that the geologic record was exceedingly imperfect—a book
with few remaining pages, few lines on each page, and few
words on each line. We do not see slow evolutionary change
in the fossil record because we study only one step in thou-
sands. Change seems to be abrupt because the intermediate
steps are missing.

The extreme rarity of transitional forms in the fossil re-
cord persists as the trade secret of paleontology. The evolu-
tionary trees that adorn our textbooks have data only at the
tips and nodes of their branches; the rest is inference, how-
ever reasonable, not the evidence of fossils. Yet Darwin was
50 wedded to gradualism that he wagered his entire theory
on a denial of this literal record:

The geological record is extremely imperfect and this
fact will to a large extent explain why we do not find
interminable varieties, connecting together all the ex-
tinct and existing forms of life by the finest graduated
steps. He who rejects these views on the nature of the
geological record, will rightly reject my whole theory.

Darwin’s argument still persists as the favored escape of
most paleontologists from the embarrassment of a record
that seems to show so little of evolution directly. In expos-
ing its cultural and methodological roots, I wish in no way
to impugn the potential validity of gradualism (for all gen-
eral views have similar roots). I wish only to point out that
it was never “seen” in the rocks.

Paleontologists have paid an exorbitant price for Dar-
win’s argument. We fancy ourselves as the only true stu-

I
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dents of life's history, yet to preserve our favored account
of evolution by natural selection we view our data as so bad
that we almost never see the very process we profess to
study.

For several years, Niles Eldredge of the American Mu-
seum of Natural History and I have been advocating a reso-
lution of this uncomfortable paradox. We believe that Hux-
ley was right in his warning. The modern theory of
evolution does not require gradual change. In fact, the op-
eration of Darwinian processes should yield exactly what we
see in the fossil record. It is gradualism that we must reject,
not Darwinism.

The history of most fossil species includes two features

particularly inconsistent with gradualism:
_ 1. Siasis. Most species exhibit no directional change dur-
ing their tenure on earth. They appear in the fossil record
!oolu‘ng much the same as when they disappear; morpholog-
ical change is usually limited and directionless.

2. Sudden appearance. In any local area, a species does not
arise gradually by the steady transformation of its ancestors;
it appears all at once and “fully formed.”

Evolution proceeds in two major modes. In the first, phy-
letic transformation, an entire population changes from one
state to another. If all evolutionary change occurred in this
mode, life would not persist for long. Phyletic evolution
yields no increase in diversity, only a transformation of one
thing into another. Since extinction (by extirpation, not by
evolution into something else) is so common, a biota with
no mechanism for increasing diversity would soon be wiped
out. The second mode, speciation, replenishes the earth.
New species branch off from a persisting parental stock.

Darwin, to be sure, acknowledged and discussed the pro-
cess of speciation. But he cast his discussion of evolutionary
change almost totally in the mold of phyletic transforma-
tion. In this context, the phenomena of stasis and sudden
appearance could hardly be attributed to anything but im-
perfection of the record; for if new species arise by the
transformation of entire ancestral populations, and if we
almost never see the transformation (because species are

EPISODIC EVOLUTIONARY CHANGE | 183

essentially static through their range), then our record must
be hopelessly incomplete.

Eldredge and I believe that speciation is responsible for
almost all evolutionary change. Moreover, the way in which
it occurs virtually guarantees that sudden appearance and
stasis shall dominate the fossil record.

All major theories of speciation maintain that splitting
takes place rapidly in very small populations. The theory of
geographic, or allopatric, speciation is preferred by most
evolutionists for most situations (allopatric means “in an-
other place”).* A new species can arise when a small seg-
ment of the ancestral population is isolated at the periphery
of the ancestral range. Large, stable central populations
exert a strong homogenizing influence. New and favorable
mutations are diluted by the sheer bulk of the population
through which they must spread. They may build slowly in
frequency, but changing environments usually cancel their
selective value long before they reach fixation. Thus, phy-
letic transformation in large populations should be very
rare—as the fossil record proclaims.

But small, peripherally isolated groups are cut off from
their parental stock. They live as tiny populations in geo-
graphic corners of the ancestral range. Selective pressures

*] wrote this essay in 1977. Since then, a major shift of opinion
has been sweeping through evolutionary bioclogy. The allopatric
orthodoxy has been breaking down and several mechanisms of
sympatric speciation have been gaining both legitimacy and exam-
ples. (In sympatric speciation, new forms arise within the geo-
graphic range of their ancestors.} These sympatric mechanisms
are united in their insistence upon the two conditions that El-
dredge and I require for our model of the fossil record—rapid
origin in a small population. In fact, they generally advocate
smaller groups and more rapid change than conventional al-
lopatry envisages (primarily because groups in potential contact
with their forebears must move quickly towards reproductive iso-
lation, lest their favorable variants be diluted by breeding with the
more numerous parental forms). See White (1978) for a thorough
discussion of these sympatric models.
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are usually intense because peripheries mark the edge of
ecological tolerance for ancestral forms. Favorable varia-
tions spread quickly. Small, peripheral isolates are a labora-
tory of evolutionary change.

What should the fossil record include if most evolution
occurs by speciation in peripheral isolates? Species should
be static through their range because our fossils are the
remains of large central populations. In any local area in-
habited by ancestors, a descendent species should appear
suddenly by migration from the peripheral region in which
it evolved. In the peripheral region itself, we might find
direct evidence of speciation, but such good fortune would
be rare indeed because the event occurs so rapidly in such
a small population. Thus, the fossil record is a faithful rend-
ering of what evolutionary theory predicts, not a pitiful
vestige of a once bourtiful tale.

Eldredge and I refer to this scheme as the model of punc-
tuated equilibria. Lineages change little during most of their
history, but events of rapid speciation occasionally punctu-
ate this tranquillity. Evolution is the differential survival and
deployment of these punctuations. (In describing the
speciation of peripheral isolates as very rapid, I speak as a
geologist. The process may take hundreds, even thousands
of years; you might see nothing if you stared at speciating
bees on a tree for your entire lifetime. But a thousand years
is a tiny fraction of one percent of the average duration for
most fossil invertebrate species—5 to 10 million years.
Geologists can rarely resolve so short an interval at all; we
tend to treat it as a moment.)

If gradualism is more a product of Western thought than
a fact of nature, then we should consider alternate philoso-
phies of change to enlarge our realm of constraining preju- -
dices. In the Soviet Union, for example, scientists are
trained with a very different philosophy of change—the so-
called dialectical laws, reformulated by Engels from Hegel’s
philosophy. The dialectical laws are explicitly punctua-
tional. They speak, for example, of the “transformation of
quantity into quality.” This may sound like mumbo jumbo,
but it suggests that change occurs in large leaps foliowing
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a slow accumulation of stresses that a system resists until it
reaches the breaking point. Heat water and it (_eventually
boils. Oppress the workers more and more and bring on the
revolution. Eldredge and I were fascinated to lgarp that
many Russian paleontologists support a model similar to
our punctuated equilibria. ) '

I emphaticaily do not assert the general “truth” of this
philosophy of punctuational change. Any attempt (o sup-
port the exclusive validity of such a grandiose notion would
border on the nonsensical. Gradualism sometimes works
well. (I often fly over the folded Appalachians and marvel
at the striking parallel ridges left standing by gradual ero-
sion of the softer rocks surrounding them.) I make a simple
plea for pluralism in guiding philosophies, and _for the re-
cognition that such philosophies, however h-ldc.{en z?nd
unarticulated, constrain all our thought. The dialectical
laws express an ideology quite openly; our Western prefer-
ence for gradualism does the same thing more subtly.-

Nonetheless, I will confess to a personal belief that a
punctuational view may prove to map tempos of biological
and geologic change more accurately and more often than
any of its competitors—if only because complex systems in
steady state are both common and highly resistant to
change. As my colleague British geologist Derek V. Agt?r
writes in supporting a punctuational view of geologic
change: “The history of any one part of the earth, like the
life of a soldier, consists of long periods of boredom and
short periods of terror.”
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