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This View of Life 

Evolution's Erratic Pace 

The history of life contains 
"long periods of boredom 
and short periods of terror '' 

On November 23, 1859, the day 
before his revolutionary book hit the 
stands, Charles Darwin received an 
extraordinary letter from his friend 
Thomas Henry Huxley. It offered 
warm support in the coming conflict, 
even the supreme sacrifice: "I am 
prepared to go to the stake, if requi­
site ... I am sharpening up my claws 
and beak in readiness." But it also 
contained a warning: "You have 
loaded yourself with an unnecessary 
difficulty in adopting Natura non facit 
saltum so unreservedly.'' 

The Latin phrase, usually attrib­
uted 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 portrayed 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 "infi­
nitely numerous transitional links" 
forming "the finest graduated steps." 
Only an immense span of time had 
permitted such a sluggish process to 
achieve so much. 

Huxley felt that Darwin was dig­
ging a ditch for his own theory. Natu­
ral 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 
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natural selection to an assumption 
both unnecessary and probably false? 
The fossil record offered no support 
for gradual change: whole faunas had 
been wiped out during disarmingly 
short intervals (see my column of Oc­
tober 1974). New species almost 
always appeared suddenly in the fos­
sil record with no intermediate links 
to ancestors in older rocks of the same 
-region. Evolution, Huxley believed, 
could proceed so rapidly that the slow 
and imperfect process of sedimenta­
tion rarely caught it in the act. 

The conflict between adherents of 
rapid and those of gradual change had 
been particularly intense in geologic 
circles during the years of Darwin's 
apprenticeship in science. I do not 
know why Darwin chose to follow 
Lyell and the gradualists so strictly, 
but I am certain of one thing: prefer­
ence for one view or the other had 
nothing to do with superior percep­
tion of empirical information. On this 
question, nature spoke (and continues 
to speak) ambiguously and multifar­
iously. Cultural and methodological 
preferences had as much influence 
upon any decision as the actual data. 

On issues so fundamental as a gen­
eral 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 nat­
ural law. Alexander Pope wrote: 

Order is Heaven's first law; 
and this confessed, 

Some are, and must be, 
. greater than the rest. 

by Stephen Jay Gould 

As monarchies fell and as the late 
eighteenth century became embroiled 
in an age of revolution, scientists 
began to see change as a normal part 
of universal order, not as aberrant and 
exceptional. Scholars then trans­
ferred to nature the liberal program of 
slow and orderly change that they ad­
vocated for social transformation in 
human society. Karl Marx recog­
nized the primary path of influence 
when he wrote to Engels in 1862: 

It is remarkable how Darwin recognizes 
among beasts and plants his English soci­
ety with its division of labor, competi­
tion, opening up of new market, "inven­
tion," and the Malthusian "struggle for 
existence. " 

To many scientists, natural cata­
clysm seemed as threatening as the 
reign of terror that had taken their 
great colleague Lavoisier. 

Yet the geologic record seemed to 
provide as much evidence for cata­
clysmic as for gradual change. There­
fore, in defending gradualism as a 
nearly universal tempo, Darwin had 
to use Lyell's most characteristic 
method of argument-he had to reject 
literal appearance and common sense 
for an underlying "reality." (Con­
trary to popular myths, Darwin and 
Lyell were not the heros of true 
science, defending objectivity 
against the theological fantasies of 
such "catastrophists" as Cuvier and 
Buckland. Catastrophists were as 
committed to science as any gradual­
ist; in fact, they adopted the more 
"objective" view that one should be­
lieve what one sees and not interpo-
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late missing bits of a gradual record 
into a literal tale of rapid change.) In 
short, Darwin argued that the geo­
logic record was exceedingly imper­
fect-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 thousands. Change seerris 
to be abrupt because the intermediate 
steps are missing. 

The extreme rarity of transitional 
forms in the fossil record persists as 
the trade secret of paleontology. The 
evolutionary trees that adorn our text­
books have data only at the tips and 
nodes of their branches; the rest is 
inference, however reasonable, not 
the evidence of fossils. Yet Darwin 
was so wedded to gradualism that he 
wagered his entire theory on a denial 
of this literal record: 

The geological record is extremely im­
perfect 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 fin­
est 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 paleontol­
ogists from the embarrassment of a 
record that seems to show so little of 
evolution. In exposing its cultural and 
methodological roots, I wish in no 
way to impugn the potential validity 
of gradualism (for all general views 
have similar roots). I wish only to 
point out that it was never "seen" in 
the rocks. 

Paleontologists have paid an exor­
bitant price for Darwin's argument. 
We fancy ourselves as the only true 
students of life's history, yet to pre­
serve our favored account of evolu­
tion by natural selection we view our 
data as so bad that we never see the 
very process we profess to study. 

For several years, Niles Eldredge 
of the American Museum of Natural 
History and I have been advocating 
a resolution of this uncomfortable 
paradox. We believe that Huxley was 
right in his warning. The modern 
theory of evolution-little more than 
a contemporary restatement of basic 
Darwinism-does not require grad­
ual change. In fact, the operation of 
Darwinian processes should yield ex­
actly what we see in the fossil record. 

The history of most fossil species 

includes two features particularly in­
consistent with gradualism: 

1. Stasis. Most species exhibit no 
directional change during their tenure 
on earth. They appear in the fossil 
record looking much the same as 
when they disappear; morphological 
change is usually limited and direc­
tionless. 

2. Sudden appearance. In any lo­
cal area, a species does not arise grad­
ually by the steady transformation of 
its ancestors; it appears all at once and 
"fully formed." 

Evolution proceeds in two major 
modes. In the first, phyletic transfor­
mation, an entire population changes 
from one state to another. If all evolu­
tionary change occurred in this mode, 
life would not persist for long. Phyle­
tic evolution yields no increase in di­
versity, 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 increas­
ing diversity would soon be wiped 
out. The second mode, speciation, re­
plenishes the earth. New species 
branch off from the persisting paren­
tal stock. 

Darwin, to be sure, acknowledged 
and discussed the process of specia­
tion. But he cast his discussion of 
evolutionary change almost totally in 
the mold of phyletic transformation. 
In this context, the phenomena of 
stasis and sudden appearance could 
hardly be attributed to anything but 
imperfection of the record; for if new 
species arise by the transformation of 
entire ancestral populations, and if 
we never see the transformation (be­
cause species are essentially static 
through their range), then our record 
must be hopelessly incomplete. 

Eldredge and I believe that specia­
tion is responsible for almost all evo­
lutionary change. Moreover, the way 
in which it occurs virtually guaran­
tees 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 allopat­
ric, speciation is preferred by most 
evolutionists for most situations 
(allopatric means "in another 
place"). A new species can arise 
when a small segment of the ancestral 
population is isolated at the periphery 
of the ancestral range. Large, stable 
central populations exert a strong ho­
mogenizing influence. New and fa-
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vorable mutations are diluted by the 
sheer bulk of the population through 
which they must spread. They may 
build slowly in frequency, but chang­
ing environments usually alter their 
value before they reach fixation. 
Thus, phyletic transformation in 
large populations should be very 
rare-as the fossil record proclaims. 

But a species on the periphery is 
isolated, even cut off from its parental 
stock. It lives as a tiny population in 
a geographic corner of the ancestral 
range. Selective pressures are usually 
intense because peripheries mark the 
edge of ecological tolerance for an­
cestral forms. Favorable variations 
spread quickly. Small, peripheral iso­
lates are the laboratory of evolution­
ary change. 

What should the fossil record in­
clude if most evolution involves the 
speciation of peripheral isolates? 
Species should be static through their 
range because our fossils are the 
products of large central populations . 
In any local area inhabited by ances­
tors, a descendant species should ap­
pear suddenly by migration from the 
peripheral region in which it evolved. 
In the peripheral region itself, we 
might find direct evidence of specia­
tion, 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 
rendering of what evolutionary 
theory predicts, not a pitiful vestige 
of a once bountiful tale. 

Eldredge and I refer to this scheme 
as the model of punctuated equilibria. 
Lineages change little during most of 
their history, but events of rapid spe­
ciation occasionally punctuate this 
tranquillity. Evolution is the differen­
tial survival and deployment of these 
punctuations. Our model is fully con­
sistent with Darwin's central postu­
late that natural selection controls 
evolutionary change. Natural selec­
tion requires continuity and interme­
diacy, for selection must create the fit 
by steadily increasing the frequency 
of favorable variants. It does not re­
quire exceedingly slow and gradual 
transformation of entire populations. 
(In describing the speciation of pe­
ripheral 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 bees on a tree for your entire life­
time. But a thousand years is only an 
instant in the three-billion-year re­
corded history of life. Geologic reso­
lution is usually far more coarse.) 

. If gradualism is more a product of 
Western thought than a fact of nature, 
then we should consider alternative 
philosophies of change to enlarge our 
realm of constraining prejudices. In 
the Soviet Union, for example, scien­
tists 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 punctu­
ational. 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 follow­
ing a slow accumulation of stresses 
that a system resists until it reaches 
the breaking point. Heat water and it 
eventually reaches a boiling point. 
Oppress the workers more and more 
and they suddenly break their chains .. 
Eldredge and I were fascinated to 
learn that most Russian paleontolo­
gists support a model very similar to 
our punctuated equilibria. The con­
nection cannot be accidental. 

I emphatically do not assert the 
general "truth" of this philosophy of 
punctuational change. Any attempt to 
support the exclusive validity of such 
a grandiose notion would border on 
the nonsensical. Gradualism some­
times works well. (I flew over the 
folded Appalachians this morning 
and saw the striking parallel ridges 
left standing by gradual erosion of the 
softer rocks surrounding them.) I 
make a simple plea for pluralism in 
guiding philosophies, and for the 
recognition that such philosophies, 
however hidden and unarticulated, 
constrain all our thought. The dialec­
tical laws express an ideology quite 
openly; our Western preference 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 ge­
ologist Derek V. Ager writes in sup­
porting a punctuational view of geo­
logic 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.'' 

Stephen Jay Gould teaches biology, 
geology, and the history of science at 
Harvard University. 
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