Punctuated equilibrium (or punctuated equilibria) is a theory irevolutionary biology
which states that mosexually reproducingpecies will show little to no evolutionary
change throughout their history. When evolution occungpipens sporadically (by
splitting) and occurs relatively quickly compared to speciesfull duration onearth
Punctuated equilibrium is commonly contrasted against gwylofphyletic
gradualismwhich hypothesizes that most evolution occurs unifolanky by the steady
gradual transformation of whole lineagesdgenes)s Punctuated equilibrium is the
currently favored theory for the fluctuating patterngwslution observed in thessil
record
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Punctuated Equilibrium's History

Punctuated equilibrium originated as an extensidarn$t Mayr'sconcept of genetic
revolutions byperipatricandallopatricspeciation. Although the workings of the theory
were proposed and specifically identified by MayiL@b4 mosthistorians of science
recognizeNiles EldredgeandStephen Jay Gouldl®72paper as the principal source of
its acceptance (by boflaleontologist@andevolutionist3 and as the foundational
document of a new and serious paleontological reseangngm Mayr 1992: 25-26,
Shermer2001: 102-113). Punctuated equilibrium differed from Mayr simphja
EldredgeandGould had placed considerably greater emphasis on stasigashdiayr
was generally concerned with explaining the morphologitsgiontinuity (or
punctuational patterns) found in the fossil record.

The Eldredge and Gould pafigrwas presented at thennual Meeting of the Geological
Society of American 1971 The symposium focused its attention on how modern
microevolutionarystudies could revitalize various aspects of paleontcdamgly
macroevolution. Tom Schopf, who organized that year&tingg assigned Stephen Jay
Gould the topic of speciation. Gould recalls that:




"Eldredge'sl971publication [onPaleozoidrilobited had presented the only new
and interesting ideas on the paleontological implicatmithe subject—so |
asked Schopf if we could present the paper jointly.” (G20@R 775)

They did. According to Gould:

"the ideas came mostly from Niles, with yours trultirag as a sounding board
and eventual scribe. | coined the tgpumctuated equilibrium and wrote most of
our 1972 paper, but Niles is the proper first author in our pairingldredge and
Gould." (Gould1997])
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Tempo and Mode

Ernst Mayr's papeiChange of genetic environment and evoluti¢t954 emphasized

the homogenizing effects géne flowand the stabilizing influence of large interbreeding
populations. These populations exemplified "ecotypic tiand' Peripherally isolated
populations, in contrast, possess "typostrophic variatidrich "have the characteristic
features of incipient species, but what is more ingarthey often are species or
incipient species of an entirely new type. That isytimay have morphological or
ecological features that deviate quite strikingly andkpaetedly from the parental
‘pattern’ " (1954:160)

Stephen Jay Gould summarized the theory, and its consszgir punctuated
equilibrium, in al977essay folNatural History:

"A new species can arise when a small segment @fribestral population is
isolated at the periphery of the ancestral range. |.atgble central populations
exert a strong homogenizing influence. New and favorabletionssare diluted
by the sheer bulk of the population through which they spitad. They may
build slowly in frequency, but changing environments usualhcel their
selective value long before they reach fixation. Thuslegpisytransformation in
large populations should be very rare—as the fossil rqmolaims. But small,
peripherally isolated groups are cut off from their ptakstock. They live as tiny
populations in geographic corners of the ancestral ramect®e pressures are
usually intense because peripheries mark the edge of eallagerance for
ancestral forms. Favorable variations spread quickhalSoeripheral isolates are
a laboratory of evolutionary change.

"What should the fossil record include if most evoluticow's by speciation in
peripheral isolates? Species should be static thraweghrange because our
fossils are the remains of large central populationaninlocal area inhabited by
ancestors, a descendant species should appear suddenly bipmigoat the
peripheral region in which it evolved. In the peripheegjion itself, we might
find direct evidence of speciation, but such good fortuneldvbe rare indeed
because the event occurs so rapidly in such a small pigoulBhus, the fossil




record is a faithful rendering of what evolutionary theory predicts, not a
pitiful vestige of a once bountiful tale.” (1980:184)

In the late 19th century, followingharles Darwits publication offhe Origin of Species,
Moritz Wagner had similarly proposed that isolatioadtually necessary for speciation.
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Misconceptions

Punctuated equilibrium is often confused wgtlantum evolutionsaltationism
catastrophismand with the phenomenon wiss extinctionand is therefore mistakenly
thought tooppose the concept offradualism|t is actually more appropriately understood
as aform of gradualism (in the strict and literal sense of biaalcontinuity). This is
because even though the changes are considered to bengclatively quickly
(relative to the species geological existence), changestilroccurring incrementally,
with no great changes from one generation to the néig¢.CRn be understood by
considering an example: Suppose the average lengthnath @h a particular species
grows 50 centimeters (20 inches, a large amount) over 70,808 (gegeologically short
period of time). If the average generation is sevensy¢laen the given time span
corresponds to 10,000 generations. Thus, on average, the tmb gt the minute,
gradual rate of only 0.005 cm per generation (= 50 cm/10,000 gensjatio

Punctuated Equilibrium is frequently contrasted witlyletic gradualismthough critics,
notablyRichard Dawkinshave argued that phyletic gradualism is meredirav man
Eldredge and Gould's advocacy of the theory brought puecteguilibrium much
attention, especially since they phrased it in tetrasihade it appear to be a radical re-
thinking of evolutionary theorylhe resulting debate stirred up in evolutionary circles
was misrepresented by somereationiststo portray Darwinism as a "theory in

crisis." Some detractors among evolutionary biologists wrylgnesl punctuated
equilibrium "evolution by jerks." (It is now sometimesferred to by the slang "punk
eek," with no negative connotations implied.) The adliffdrences between the various
evolution theorists were not as large as they weden@appear. Gould himself later
said that the theory did not in fact refute Darwin'sdlgedism, but just added the ideas of
catastrophism and stasis.
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Relation to Darwinism

The sudden appearance and lack of substantial gradual cHangst®pecies in the
geologic record—from their initial appearance until tleedtinction—has long been
noted, including by Charles Darwif§52301,1871119-120) who appealed to the
imperfection of the record as the favored explanatitavertheless, with the influence of
catastrophism, Darwin needed to forcefully stresgthdual nature of evolution. It is




often incorrectly assumed that he insisted thatdteof change must be constant, or
nearly so. Though ifthe Origin of Species Darwin wrote that "the periods during which
species have undergone modification, though long as nezhsuyears, have probably
been short in comparison with the periods during which té&in the same form."
(1872:619) Thus punctuationism in general is consistent with iDaraonception of
evolution, and with the independent proposalsaifiral selectioy William Charles
Wells, Patrick MatthewCharles DarwirandAlfred Russel Wallace

According to the theory of punctuated equilibrium, "perfphesolates" are considered to
be of critical importance for speciation. Howeverpia wrote, 'l can by no means
agree...that immigration and isolation are necessary elementsAlthough isolation is

of great importance in the production of new specieshenvhole | am inclined to
believe that largeness of area is still more impayr&specially for the production of
species which shall prove capable of enduring for a longgheatimd of spreading

widely." (1859:105-106)

Darwin explained the reasons for this belief as folow

"Throughout a great and open area, not only will thera tpeeater chance of
favourable variations, arising from the large numbendilviduals of the same
species there supported, but the conditions of life are mmach complex from
the large number of already existing species; and if sirtieese species become
modified and improved, others will have to be improved @o@esponding
degree, or they will be exterminated. Each new foreg,as soon as it has been
improved, will be able to spread over the open and contgacea, and will thus
come into competition with many other forms ... teevrfiorms produced on large
areas, which have already been victorious over many caansetvill be those
that will spread most widely, and will give rise to tireatest number of new
varieties and species. They will thus play a more mamb role in the changing
history of the organic world." (1859:107-108)

Thus punctuated equilibrium contradicts some of Darwin'ssidegarding evolution, but
accords with others.



