
BOOK REVIEW

doi:10.1111/evo.12783

The antecedents of punctuated equilibria
P. David Polly1,2

1Departments of Geological Science, Biology, and Anthropology, Indiana University, Bloomington, Indiana 47405
2E-mail: pdpolly@indiana.edu

Received August 24, 2015

Accepted September 21, 2015

Eldredge, N. 2015. Eternal ephemera: Adaptation and the

origin of species from the nineteenth century through punctu-

ated equilibria and beyond. Columbia Univ. Press, New York,

NY. 376 pp. ISBN-13: 9780231153164; $35.00 HB.

In the early 1970s, Niles Eldredge, along with his collabora-

tor Stephen J. Gould, proposed a radical and controversial model

of evolution, “punctuated equilibria,” that galvanized scientific

discourse in evolutionary biology for nearly two decades

(Eldredge and Gould 1972). As its name suggests, the model

had two key components: punctuation and equilibrium. Drawing

on the theory of allopatric speciation, Eldredge and Gould

argued that most evolutionary change occurs in a short interval

around the time of speciation when small peripheral founder

populations become rapidly differentiated from their parent

species through a combination of founder effects, genetic

drift, directional adaptation to their marginal environments, and

reinforcement as the new species expand back into the geographic

ranges of their parent. Rapid evolution in founder populations

was not in itself controversial, but Eldredge and Gould also

argued that these bursts of change were but brief punctuation

marks between long intervening phases of equilibrium during

which species experienced little or no evolutionary change. Again

drawing on principles of peripheral isolate speciation, they argued

that founder populations quickly reach the adaptive optima of

their new environments, by which time they have acquired the

characteristics that differentiate them from their parents. Al-

though they considered new species to be capable of geographic

expansion, Eldredge and Gould maintained that the inertia of

increasingly widespread gene pools combined with stabilizing

selection, some of it driven by Red Queen like interspecies

competition, dampened phenotypic change after speciation.

The punctuated equilibria model was controversial in pale-

ontology because of its implications for how evolution should be

studied in the fossil record. The model’s logical consequences,

according to Eldredge and Gould, were that adaptive change oc-

curs dominantly at the time of speciation; that the process of

speciation lasts only a few generations, too few to be recorded

completely in the fossil record; and that offspring species arise

outside their parents’ geographic ranges. A paleontologist study-

ing a stratigraphic succession of fossils at a single location should

therefore expect new species to appear de novo as founder events

from a parent species whose range was elsewhere and to persist

essentially unchanged until they become extinct. If new speciation

events occurred during that interval, Eldredge and Gould said that

one should expect to see them in another stratigraphic column,

not in the same one as the parent species. From this they argued

that the fossil record is not full of gaps, as is often asserted,

but that the apparent absence of continuous transitions between

species is the natural result of the evolutionary process. More

controversially, they asserted that examples of putatively gradual

evolutionary change in the fossil record are series of different

closely related species that have been mistaken to be temporally

successive populations of the same species lineage.

Embraced by some paleontologists, Eldredge and Gould’s

idea was rejected by others. The vexed question of whether

stratigraphically successive fossil samples can be interpreted as

ancestor-descendant sequences received impassioned attention

with little methodological consensus (see review in Wagner and

Marcot 2010). Conversely, the equally important statistical ques-

tion of whether a stratigraphic sequence of phenotypes represent

directional evolution, random change, or stasis received less ver-

biage, but inspired groundbreaking methodological advances, in-

cluding statistical tests based on random walk null models and

sophisticated algorithms for fitting evolutionary models, such

as Brownian motion or Ornstein-Uhlenbeck processes (see re-

cent review by Hunt and Rabosky 2014). These new techniques

have since been used to systematically survey fossil species lin-

eages to determine whether equilibrium is as common as was
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asserted by Eldredge and Gould, revealing that, while strongly

directional evolution has been uncommon, species lineages are

just as likely to evolve by Brownian motion as they are to remain

static (Hunt 2007). With hindsight, punctuated equilibria can be

recast as a two-rate model of evolution, a rapid rate for branch-

ing events and a slower base rate for anagenetic change along

branches. When such models are fit to fossil data on a phylogeny

they reveal that anagenesis within lineages contributes as sub-

stantially to net evolutionary change as do changes at speciation

(Hunt 2014).

Eldredge, who still adheres to punctuated equilibria as the

predominant model of evolution, views species as phenotypi-

cally coherent entities that do not undergo adaptive evolution,

thus allowing them to act as macroevolutionary units of selection

much like individual organisms act as the units of population-

level natural selection. For Eldredge, the evolutionary bursts of

change at speciation are effectively random in direction and do

not explain the grand-scale directional changes documented by

the fossil record, such as the rise of grazing species at the ex-

pense of browsers during the evolutionary history of horses. In-

stead, Eldredge argues that large-scale changes are usually due

to differential extinction of species whose phenotypes are in-

compatible with environmental change, a process often called

species selection (recently reviewed by Jablonski 2008), rather

than due to selection for individuals whose tooth phenotypes

increase their lifetime reproductive fitness. Nonrandom species

turnover is thus the driving force of macroevolution for Eldredge

rather than adaptation by natural selection within species lineages.

Eldredge calls this a “taxic view” of evolution because it focuses

on the taxon as its primary unit, a concept that is central to Eternal

Ephemera.

Eldredge’s narrative in Eternal Ephemera traces the taxic

perspective through selected works from the late 18th through

the late 20th centuries. His central argument is that the taxic per-

spective was repeatedly reinvented, only to be lost or muddied

by subsequent thinkers. Eldredge credits Brocchi, an Italian con-

temporary of Lamarck, as the first taxic evolutionist based on

passages that suggest that species do not undergo large changes

in structure, but that they have genealogies. He contrasts Brocchi’s

view with Lamarck’s model of gradual striving change within

lineages. After reviewing passages by Cuvier, Lyell, Grant, and

others, including Darwin himself, Eldredge concludes that taxic

concepts of species were common in pre-Darwinian evolutionary

thought and that even Darwin’s earliest thinking about the origin

of species was “taxic.” Then, Eldredge laments, Darwin aban-

doned the taxic perspective, began to focus on adaptive change

within species, and set evolutionary biology on the wrong path

until Dobzhansky and Mayr set it right in the Modern Synthesis

with the biological species concept and allopatric speciation mod-

els. His account culminates with his “sloshing bucket” theory that

evolutionary change at each level of the taxonomic and ecological

hierarchies is driven by environmental change on a different scale

(local environmental change affects the source-sink dynamics of

local populations, regional environmental change simultaneously

affects speciation and extinction across many taxa, extreme envi-

ronmental events produce mass extinctions and turnover among

higher rank clades).

Eternal Ephemera is Eldredge’s personal exploration of the

philosophical understructure of punctuated equilibria and an auto-

biography of his intellectual development as a scientist. For him,

eternal ephemera are both the long extinct species whose transient

histories he used to document the pattern of punctuated equilibria

and the sometimes short-lived taxic models for their origin that

were proposed over the last 250 years. Eldredge is not a historian

of science. He self-confessedly draws his interpretations from the

passages he cites, more like a literature scholar interpreting texts

from close reading, than like a historian contextualizing them

within a body of contemporary events. Consequently, his book

sometimes misses the broader intellectual and social contexts of

those works and the scientists who wrote them. Readers wanting

to know more about the broader context of 19th century evolution

will be interested in the work of historians of science like Toby

Appel, Peter Bowler, Janet Browne, Adrian Desmond, and others;

readers wanting to know more about Eldredge and his own views

will be interested in Eternal Ephemera.
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