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Editors’ Preface

A teacher . . . can never tell where his infl uence stops.

—Henry Adams (1907, 300), used by Steve Gould 
as an epigraph in The Panda’s Thumb

Although Steve Gould’s death on May 20, 2002, provided the 
immediate impetus for this book, its original motivation came 
from a review of his book Structure of Evolutionary Theory, published 
just before his death. That review—by someone who in our view 
clearly had no idea what punctuated equilibrium or species selec-
tion were about—suggested to us that Steve’s science was even 
more widely misunderstood than we had thought. We said to each 
other at the time that someone needed to “do something” about 
this situation.

Steve’s death took most of his students and close colleagues 
by surprise, although a few of us were aware that he had been 
ill. For many of us, it left a great hole in our lives. After his 
death and the several memorial services that followed, the three 
of us were asked to organize a symposium in Steve’s memory at 
the annual meeting of the Geological Society of America, which 
convened on November 2, 2003. We invited students and close 
colleagues of Steve to participate in this symposium, asking 
each to explore an aspect of his thought from his or her own 
relatively “intimate” perspective—that is, from the point of view 
of one who had known well, learned under, and/or worked with 
him for many years. Our logic was that such people would be 
more likely to have a clearer-than-average understanding of his 



thought and its signifi cance. (Not all of the papers presented 
at that session are included in this book, and a few that were 
not presented have been added. Two were originally published 
elsewhere and are reprinted here.)

Steve Gould was a major and highly infl uential intellectual fi gure 
in science (particularly evolutionary paleobiology) and society 
over a span of about thirty years of his professional life. Indeed, 
some assessments during his lifetime deemed him the best-known 
scientist in the world; what other scientist, after all, merited a 
guest appearance on the television cartoon The Simpsons? Due to 
his prominence, a small Gould commentary industry had already 
become established prior to his death (e.g., Somit and Peterson 
1992; Selzer 1993; Sterelny 2001). Furthermore, because Steve 
published two books (Structure [2002c] and I Have Landed [2001m], 
his tenth volume of essays from Natural History magazine*) in the 
months just before his death, a number of major review/essays on 
his life and work appeared around that time, supplemented after 
his death by various memorials, thereby expanding this industry 
considerably and laying a foundation for what may well be a signifi -
cant Gouldiana literature in the future. An “essential” compilation 
of his writings has recently appeared (McGarr and Rose 2006), as 
well as an extract from Structure (Gould 2007), and at least one 
major biography is in preparation.

Despite such attention, the present volume is the fi rst (and so 
far only) book to explore critically Steve Gould’s numerous and 
varied scientifi c and intellectual contributions, what the connec-
tions among them are, and what their long-term impact may be 
on our understanding of the history of life. It is not a conventional 
memorial festschrift; such has been published elsewhere (Vrba 
and Eldredge 2005). It is also not (to use Dick Lewontin’s phrase) 
a “compendium of encomia,” nor (as Steve might have said, using 
one of his favorite words) an attempt at hagiography. Instead, 
we hope that this book is an informed yet honest assessment of 
Steve’s contributions within the scientifi c, intellectual, and societal 
contexts of the late twentieth century. In some sense it is intended 
as a “reader’s guide” to Gould.

viii Editors’ Preface

*Throughout this volume, citations to publications by Gould himself refer 
to the cumulative bibliography at the end of the book.



Steve’s work was widely quoted and criticized, but—at least in 
our experience—much less often read thoroughly and carefully 
and still less frequently fully understood. We would like to think 
of the essays here as written by “those who knew him best,” but 
this would be presumptuous. We do think we knew him and his 
thoughts well, or at least a bit better than did most other scien-
tists, including many of his critics. As the chapters of this volume 
demonstrate, however, familiarity does not necessarily breed 
agreement. In any case, we wanted to provide what we hope will 
be some perspective and clarity that we fear might be lost from the 
scientifi c community’s understanding of Steve’s contributions. We 
wanted to have our say, before the critics and “picklocks of biogra-
phers” (Benet 1930) have had their way with his legacy.

Most of the contributors to this volume were Steve’s students, to 
whom he was fi rst and foremost a teacher and mentor. He was not 
always warm or gentle, or even friendly, to his students, but he valued 
and inspired excellence, hard work, and accomplishment, and he 
stretched all of us farther than we thought we could go. He was indif-
ferent to many of the things that excited us (as we were to many of the 
things that excited him). He was a diffi cult role model. He decided 
quickly whom he did and didn’t favor, and you usually didn’t get a 
second chance to make a fi rst impression. He didn’t always come to 
our talks at meetings or read our papers. But he worked hard to fi nd 
us jobs, and he was always very generous to each of us—with his time 
(when we made appointments), his money, and especially with his 
mind. For some of us, he was among the most important infl uences 
in our entire lives. For all of us, our professional and personal lives are 
emptier now without him, and we are extraordinarily grateful to have 
known him well and to have been under his tutelage.

Warren D. Allmon
Patricia H. Kelley

Robert M. Ross
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The Structure of Gould

Happenstance, Humanism, History, 

and the Unity of His View of Life

Warren D. Allmon

I. Introduction

Once, in responding to critics who had attempted to link his 
views on another topic to punctuated equilibrium, Steve Gould 
wrote, “I do have other interests, after all” (1982f, 88; see also 
2002c, 1005). This was of course very true. Steve read, thought, 
traveled, talked, and wrote across a wide expanse of time, space, 
and subjects. He sang Bach and Gilbert and Sullivan; loved archi-
tecture, baseball, and numerical coincidences; collected beautiful 
old books; met with the pope about nuclear war; corresponded 
with Jimmy Carter about God; once appeared on a TV talk show 
as an expert on conjoined twins; and published technical papers 
on allometry, snails, Irish Elks, eurypterids, pelycosaurian reptiles, 
clams, receptaculitids, the history of paleontology, and human 
cranial capacity. Despite this breadth, however, one of the central 
facts of his professional life was that essentially all of his interests 
were, proximately or ultimately, interconnected in a unusually 
coherent and explicitly stated intellectual view, not only of the 
history of Earth and its life but also of the philosophy of science 
and the nature of human thought.

Steve said as much. He described himself as an “urchin in the 
storm” for what he called his “personal, stubborn consistency of 



viewpoint” (1987f, 11) and said that he regarded “the subject 
of worldviews, or paradigms,” as essential “for the unifi cation of 
all creative human thought . . .” (1995k, 104). In The Structure 
of Evolutionary Theory (2002c, especially 24–48), he laid out the 
connections between the various parts of his views,1 and this did 
not go completely unnoticed by reviewers and commentators. 
Philosopher Michael Ruse (who seemed to understand Steve more 
than most critics), has described (1992, 1999) the connections 
among the several aspects of Steve’s view of life, and after Steve’s 
death, a few reviewers and eulogizers commented on the linkages 
within his distinctive world view (e.g., Durant 2002; Stearns 2002;
Bradley 2004; York and Clark 2005).

By and large, however, critics and commentators have not 
delved deeply into the fundamental logic and interconnectedness 
of Steve Gould’s oeuvre. This oversight is unfortunate because it 
is, in my view, only by understanding the internal structure and 
logic of the full swath of Steve’s thinking and writing (as I suggest 
below, they’re more or less the same thing) that we can fairly judge 
their utility and value as contributions to evolutionary theory and 
paleobiology, clearly the areas on which he wished to make his 
most lasting mark. If his ideas are atomized into their component 
parts, they can be too quickly judged and too easily discounted, 
misunderstood, or unfairly criticized.2 It is only by connecting the 
conceptual dots among the various components that the potential 
value of his ideas can be evaluated fairly.

It is ironic that it is diffi cult for us to understand Steve’s view 
of life, for perhaps more than any other scientist, he left us a 
roadmap to his thought. “Many scientists,” comments David 
Hull, “possibly most scientists, just do science without thinking 
too much about it” (1999, 1131). Steve was not among them. 
He laid out not just the nature of his own biases and infl uences, 
but the nature of the biases and infl uences that must encumber 
all science. He was a tireless advocate for the view that science is 
an inescapably human activity, based in empirical observations 
of the natural world but never separable from human biases and 
preconceptions. His “favorite line” (1992 o; 1995k, 147) was from 
a letter Charles Darwin wrote to Henry Fawcett in 1861: “How 
odd it is that anyone should not see that all observation must be 
for or against some view if it is to be of any service!” and he was 

4 Warren D. Allmon



 The Structure of Gould 5

constantly mentioning the tension between the subjective and 
objective sides of science. Some examples:

Scientists often strive for special status by claiming a unique form 
of “objectivity” inherent in a supposedly universal procedure called 
the scientifi c method. We can attain this objectivity by clearly the 
mind of all preconception and then simply seeing, in a pure and 
unfettered way, what nature presents. This image may be beguiling, 
but the claim is chimerical, and ultimately haughty and divisive. For 
the myth of pure perception raises scientists to a pinnacle above all 
other struggling intellectuals, who must remain mired in constraints 
of culture and psyche. (1992o; 1995k, 148)

Since all discovery emerges from an interaction of mind with 
nature, thoughtful scientists must scrutinize the many biases that 
record our socialization, our moment in political and geographic 
history, even the limitations (if we can hope to comprehend them 
from within) imposed by a mental machinery jury-rigged in the 
immensity of evolution. (1995q; 1995l, 345)

An old tradition in science proclaims that changes in theory 
must be driven by observation. Since most scientists believe this 
simplistic formula, they assume that their own shifts in interpreta-
tion only record their better understanding of novel facts. Scientists 
therefore tend to be unaware of their own mental impositions upon 
the world’s messy and ambiguous factuality. Such mental manipula-
tions arise from a variety of sources, including psychological predis-
position and social context. (2001m, 360–61)

Our ways of learning about the world are strongly infl uenced 
by the social preconceptions and biased modes of thinking that 
each scientist must apply to any problem. The stereotype of a 
fully rational and objective ‘scientifi c method,’ with individual 
scientists as logical (and interchangeable) robots, is self-serving 
mythology. . . . This messy and personal side of science should not 
be disparaged, or covered up, by scientists for two major reasons. 
First, scientists should proudly show this human face to display their 
kinship with all other modes of creative human thought. . . . Second, 
while biases and preferences often impede understanding, these 
mental idiosyncrasies may also serve as powerful, if quirky and 
personal, guides to solutions.” (1995k, 93–94)

When we recognize that we do not derive our concepts of history 
only from the factual signals that scientifi c research has extracted 
from nature, but also from internal limits upon the logical and 
cognitive modes of human thought, then we can appreciate the 
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complex interaction of mind and nature . . . that all great theories 
must embody . . . [the idea] that mind and nature always interact 
to build our basic concepts of natural order—becomes especially 
relevant in our current scientifi c age, where prevailing beliefs about 
the sources of knowledge lead us to downplay the role of the mind’s 
organizing potentials and limits, and therefore encourage us to 
regard our theories of nature as products of objective observations 
alone.” (2001m, 280)

Impartiality [in science] (even if desirable) is unattainable by 
human beings with inevitable backgrounds, needs, beliefs, and 
desires. It is dangerous for a scholar even to imagine that he might 
attain complete neutrality, for then one stops being vigilant about 
personal preferences and their infl uences—and then one truly falls 
victim to the dictates of prejudice. Objectivity must be operation-
ally defi ned as fair treatment of data, not absence of preference. 
(1996j, 36)

Yet, even though he emphasized the cultural embeddedness of 
science, Steve was not a relativist or strict constructivist. He praised 
“the adamantine beauty of genuine and gloriously complex 
factuality” (2001m, 207), and stated his fi rm belief that “we have 
truly discovered—as a fact of the external world, not a preference 
of our psyches—that the earth revolves around the sun and that 
evolution happens” (1995k, 93). “Human thought,” he observed, 
“unlike the evolution of life, does include the prospect of mean-
ingful progress as a predictable outcome, especially in science 
where increasingly better understanding of an external reality 
can impose a fundamental organizing vector upon a historical 
process otherwise awash in quirks of individual personalities, and 
changing fashions of cultural preferences” (2002c, 591). In many 
respects, he said, “I remain an old-fashioned, unreconstructed 
scientifi c realist” (2002c, 969).

Steve, in other words, told us where scientifi c ideas in general—
and his ideas in particular—came from. He assumed, however, 
that we were the “educated readers” whom he constantly strived to 
reach, and expected us to work a little bit to locate and grasp this 
roadmap—amid the more than 800 items in his personal bibliog-
raphy (see page 335 of this volume) and/or within the 1,464 pages 
of Structure (2002c)—and most of us simply do not take the time to 
do so. As several commentators and reviewers have remarked (e.g., 
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Orr 2002a; Wake 2002; Quammen 2003; Ayala 2005), it is tragic 
and ironic that his magnum opus—in which he really does lay all of 
this out and connect the dots—is so large and so baroquely written 
that few are likely to ever read it in full. Structure will, writes Stephen 
Stearns, “be bought more often than read and used as a bookend 
more often than as a book. Much of it deserves attention, some of 
it is exciting, and some of it is beautiful, but the gems are hard to 
locate amidst the sesquipedalian verbiage” (2002, 2339).

In short, I fear that Steve’s ideas risk being discarded piecemeal 
or ignored in toto because there are just too many of them, and it 
is this fear, more than anything, that provokes this essay and also 
the organizing of this book. In this chapter, I attempt to extract 
and explicitly lay out the major connections among the compo-
nents of Steve Gould’s worldview. My analysis follows his advice to 
subject scientifi c texts to the same “textual analysis” as is common 
in the humanities (2002c, 521). I try to use his own approaches of 
“mini-biography” and “intellectual paleontology of ideas” (2001m,
5), which he used on so many other scientists, to elucidate why he 
came to the conclusions he did. Steve repeatedly railed against the 
“whig interpretation” of history and the “old style of condescen-
sion for an intellectual childhood to compare with our stunning 
maturity” (1995x; 1998x, 84; see also 1985r, 1991t, 1995p), in 
which “we commit the greatest of all historical errors: arrogantly 
judging our forebears in the light of modern knowledge perforce 
unavailable to them” (1998m, 2000k, 18). “The proper criterion 
[for judging someone’s work],” he said, “must be worthiness by 
honorable standards of one’s own time.” (1993l, 186), and it is 
this perspective I try to take here.

More generally, because Steve was so conscious of these infl u-
ences, his work is a rare and valuable opportunity to explore the 
internal and external dynamics of one scientist’s effort to construct 
a coherent and comprehensive conception of natural science. Even 
though he famously became interested in paleontology at age fi ve 
(when his father took him to the American Museum of Natural 
History), he also brought to his mature science a full set of personal 
beliefs, interests, and biases. As one tries to follow the coherence 
of his views, we can use his massive literary output to try to investi-
gate to what degree these views may have come about because of, 
or been strongly affected by, nonscientifi c ideas. As he wrote in 



8 Warren D. Allmon

Structure, “we do need to know why an author proceeded as he did if 
we wish to achieve our best understanding of his accomplishments, 
including the general worth of his conclusions” (2002c, 34).

A crucial element in this analysis (and, as he would undoubt-
edly have said, of productive scientifi c ideas in general) is that 
Steve ran his ideas out to their furthest logical limit, even if abun-
dant empirical support was lacking. He referred to this phenom-
enon (in discussing the work of others) as the “overextension of 
exciting ideas” (2001m, 303; also 1997m, 326), and “the ulti-
mate fallacy of claiming too much” (2002c, 667). Maynard Smith 
(1995) complained that when punctuated equilibrium was fi rst 
put forward, “it was presented as just what one would expect to 
see if the orthodox view, that species often arise by rapid evolution 
in small peripheral populations, is indeed accurate. If only they 
[Eldredge and Gould] had left the argument there!” That they 
did not, however, is hardly surprising. Most, if not all, exciting new 
scientifi c ideas—from bacterial theories of disease to extraterres-
trial impacts as causes of mass extinction—are rapidly applied 
(by their original authors or others) beyond their immediate 
beginnings. Indeed broad application and explanation of diverse 
phenomena is one measure of how useful a scientifi c theory is. 
In general defense of such extension of the theory of punctuated 
equilibrium in particular, Steve wrote, “proponents of punctuated 
equilibrium would become dull specialists if they did not take 
an interest in the different mechanisms responsible for similari-
ties in the general features of stability and change across nature’s 
varied domains, for science has always sought unity in this form 
of abstraction” (2002c, 765–66).

Neither this chapter nor this volume can claim to be a thorough 
analysis of Steve’s thought. A minor “Gould industry,” devoted to 
assessing his intellectual legacy, has already begun (e.g., Brown 
1999; Ruse 1999; Morris 2001; Sterelny 2001; Orr 2002a; Shermer 
2002; Grantham 2004; McShea 2004; York and Clark 2005;
Sepkoski 2005; Lewontin 2008) and will, one hopes, continue; 
there is a posthumous “greatest hits” volume (McGarr and Rose 
2006), and at least one major biography is in preparation. It is the 
fundamental point of this chapter (and most of the other contri-
butions to the present volume), however, that these and future 
analyses of whether he was right must start with whether he made



 The Structure of Gould 9

sense. As he put it: “Brilliance, of course, only implies cogency, 
not correctness” (2002c, 585). My main concern here is not just 
whether Steve’s views are true but that we understand them.

Here I argue that virtually everything that Steve ever wrote—which 
by his own account was a very large proportion of what he thought3—
fi ts into a very clear intellectual framework set by a relatively small 
number of basic ideas, and that the connections between them—
historic and intellectual—were and are very clear, and we can under-
stand them better by exploring that framework explicitly.

II. Steve’s Weltanschauung and its Discontents

A. His view of life

What was this coherent worldview? What was Steve Gould’s “view 
of life”? To my knowledge, even in all of his voluminous writing, 
Steve never answered this in one succinct statement. But if he had, 
I think it might go something like this:

Life and its history—indeed all of history—are highly and irreduc-
ibly complex, and dominated in most cases by unpredictable events. 
Stability results from structure, which results from this complexity; 
direction results largely from “random” events and unexpected 
outcomes, superimposed on—and usually dominant over—patterns 
created by deterministic processes; patterns of stability, complexity, 
and history create an inherently hierarchical structure that can only 
be understood hierarchically; change is often abrupt, disruptive, 
and unforeseeable in its consequences; progress and improvement 
in any kind of general sense do occur occasionally, but are not char-
acteristic of most systems or intervals of history. Human evolution 
has proceeded along these lines as well; we are noteworthy for our 
consciousness, but are otherwise no different from any other species 
on Earth. Because our hubris has almost always incorrectly placed 
us outside and above the rest of nature, much of science consists 
of adjusting (usually diminishing) human status in the universe. 
Most of the various fascinating consequences of human conscious-
ness are emergent properties of our brain’s complexity; fl exibility, 
contingency, and nondetermination are the hallmarks of our—and 
all other—evolutionary history. Human values are derived from this 
highly complex and contingent phenomenon of consciousness, 
and cannot be properly read, determined, or proscribed by or from 
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any external reality or infl uence. Science is the best method that 
humans have so far invented to gain understanding of the natural 
world but, like all human endeavors, it is subject to human foibles 
which need always to be vigorously identifi ed and countered if 
science is to progress.

He did, however, write a number of paragraphs from time to 
time that summed up much of this comprehensive view. Some 
examples:

In our Darwinian traditions, we focus too narrowly on the adaptive 
nature of organic form, and too little on the quirks and oddities 
encoded into every animal by history. We are so overwhelmed—as 
well we should be—by the intricacy of aerodynamic optimality of a 
bird’s wing, of by the uncannily precise mimicry of a dead leaf by 
a butterfl y. We do not ask often enough why natural selection had 
homed in upon this particular optimum—and not another among 
a set of unrealized alternatives. In other words, we are dazzled 
by good design and therefore stop our inquiry too soon when 
we have answered, “How does this feature work so well?”—when 
we should be asking the historian’s questions: “Why this and not 
that?” or “Why this over here, and that in a related creature living 
elsewhere?” . . . History’s quirkiness, by populating the earth with 
a variety of unpredictable but sensible and well-working anatomical 
designs, does constitute the main fascination of evolution as a 
subject. (1994q; 1995k, 370–71)

The course of evolution is only the summation of fortuitous 
contingencies, not a pathway with predictable directions. . . . [We 
should grasp] evolution as a process causally driven by struggle 
among individuals for reproductive success, and not by any principle 
working bountifully for the good of species or any other “higher” 
entity in nature. We may then view life’s history as an unpredictable 
set of largely fortuitous, and eminently interruptible, excursions 
down highly contingent pathways. (1995s; 1995k, 332–33)

Both natural and human history were present in virtually every 
element of his work. Both of these spheres, in Steve’s view, shared 
similar properties. Although both are subject to physical laws, both 
are histories and therefore constrained within the realm of the 
physically possible by what has gone before and subject to contin-
gencies, the unexpected “quirks” of happenstance. As discussed 
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above, our struggles to understand both kinds of history are linked 
via the necessity of human foibles intervening in our comprehen-
sion; both are pursued by fallible and fascinating human beings.

B. At the center of the view: Punctuated equilibrium

Although it has scarcely been mentioned in reviews and commen-
tary, I think that the semi-autobiographical section of Structure
(2002c, 745–1024; esp. 774 ff, 972 ff) in which Steve describes the 
origins, logic, criticism, and history of punctuated equilibrium (here-
after, “PE”) is among the book’s most valuable highlights. Perhaps 
more than any other part of this frequently diffi cult-to-read book, 
it deserves almost all of its parentheticals, asides, and footnotes. As 
he obviously intended at least in part (e.g., 2002c, 973), I expect 
that it will be of great value to future historians of science, and it is 
the section that I imagine I will be assigning most often to future 
students, because it contains anything that they could ever conceiv-
ably want to know and can get nowhere else. (It has now very usefully 
been reprinted as a separate paperback volume; Gould 2007.) Most 
of all, the section makes clear the intellectual and “structural” core 
of Structure, and therefore of his view of life.

Steve was surprisingly inconsistent in acknowledging the central 
place of PE in his worldview. As illustrated by the quote in the 
fi rst paragraph of this essay, he occasionally objected that he had 
“other interests.” I am, however, much more persuaded by the 
realization he attributes to his friend Oliver Sacks who, he writes, 
“saw the theory of punctuated equilibrium itself . . . as my coordi-
nating centerpiece, and I would not deny this statement.” PE, Steve 
continues “stands for a larger and coherent set of mostly icono-
clastic concerns . . . [it] led to the reformulation proposed herein 
for the fi rst branch of essential Darwinian logic . . . . these aspects 
of punctuated equilibrium strongly contributed to my developing 
critiques of adaptationism . . . my sources extended outward into a 
diverse and quirky network of concerns that seemed, to me and 
at fi rst, isolated and uncoordinated, and that only later congealed 
into a coherent critique” (2002c, 37, 39–40).

PE was and is widely misunderstood, at least in part because it 
is both a narrow idea and also a platform for a much larger set of 
ideas, both a theory about how speciation looks in the fossil record 



12 Warren D. Allmon

and also the basis for a much larger conception of how evolu-
tion works. Yet these dual roles are logically connected and can 
be understood if one tries to do so. As “a theory about the deploy-
ment of speciation events in macroevolutionary time,” Steve said, 
“punctuated equilibrium explains how the sensible intermediacy 
of human timescales can yield a punctuational pattern in geolog-
ical perspective—thus requiring the treatment of species as evolu-
tionary individuals, and precluding the explanation of trends and 
other macroevolutionary patterns as extrapolations of anagenesis 
within populations” (2002c, 755–56).

Similarly, the origins of PE lie both in the details of paleontology 
and in the wider intellectual and scientifi c worldview. It was (and still 
is) based fundamentally on empirical observations about the fossil 
record, but it is also an obvious part of a much wider intellectual 
controversy over the nature of change. PE was both a refl ection of 
these infl uences outside of paleontology, and the conduit for intro-
ducing and integrating them into what had been a relatively insular 
fi eld. In their retrospective of PE on its twenty-fi rst birthday, Steve 
and Niles Eldredge noted that PE arose within and was part of a 
distinctive cultural and intellectual milieu; modern science, they 
argued “has massively substituted notions of indeterminacy, historical 
contingency, chaos and punctuation for previous convictions about 
gradual, progressive, predictable determinism. These transitions have 
occurred in fi eld after fi eld. Punctuated equilibrium, in this light, is 
only paleontology’s contribution to a Zeitgeist” (1993j, 227). This view 
was magnifi ed in Structure:

Punctuated equilibrium represents just one localized contribution, 
from one level of one discipline, to a much broader punctuational 
paradigm about the nature of change—a worldview that may . . . be 
judged as a distinctive and important movement within the intel-
lectual history of the later 20th century. . . . For the punctuational 
paradigm encompasses much more than a loose and purely descrip-
tive claim about phenotypes of pulsed change, but also embodies a 
set of convictions about how the structures and processes of nature 
must be organized across all scales and causes to yield this common-
ality of observed results. (2002c, 970)

Yet despite all of this apparent clarity, it is my disturbingly consis-
tent observation that many of my colleagues, including perhaps a 
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majority of professors teaching paleontology, historical geology, 
and evolutionary biology, appear genuinely to misunderstand 
PE—where it came from, what it says, and what it implies. Steve 
used to say that there were two works that everyone talked about 
but no one read—the Bible and the Origin of Species. To this list we 
might justly add Eldredge and Gould (1972e).4

I do not wish to repeat the history or evidence for or arguments 
about PE here (see Geary, this volume). I would, however, make 
four points, which I think are important for a more general under-
standing of Steve’s world view.

(1) PE came from a desire to unite paleontology with evolution.
The origin of PE was closely tied to the aspirations of two young 
graduate students to prod paleontology out of the largely lethargic 
state in which they found it in the 1960s. Niles Eldredge and Steve 
Gould wanted to be paleontologists, but they also wanted to study 
the process of evolution. They were both clearly bothered by pale-
ontology’s poor reputation and frequently cited Nature’s summary: 
“Scientists in general might be excused for assuming that most 
geologists are paleontologists and most paleontologists have staked 
out a square mile as their life’s work. A revamping of the geolo-
gist’s image is badly needed” (Anonymous 1969). Yes, there were 
exceptions (Gould and Eldredge’s advisor Norman Newell was a 
prominent one), but most invertebrate paleontologists were not 
well versed or even particularly interested in evolution at the time 
of the formulation of PE. (Some of the twentieth century’s greatest 
invertebrate paleontologists never did write anything substantive 
on evolution.)

Recalling the origins of PE, Steve wrote that he and Eldredge 
“had been particularly frustrated . . . with the diffi culty of locating 
gradualistic sequences for applying these [statistical] techniques, 
and therefore for documenting ‘evolution’ as paleontological 
tradition then defi ned the term and activity. When I received 
[Tom] Schopf’s invitation to talk on models of speciation [at the 
1971 national meeting of the Geological Society of America], 
I felt that Eldredge’s 1971 publication had presented the only 
new and interesting ideas on paleontological implications of the 
subject—so I asked Schopf if we could present the paper jointly. 
I wrote most of our 1972 paper, and I did coin the term PE—but 
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the basic structure of the theory belongs to Eldredge” (2002c, 
775). (See also Schopf [1981] for further details on the strikingly 
serendipitous origin of the 1972 paper.)

There is also another important factor to consider in tracing 
the origins of PE. As noted by Stearns (2002) and Orr (2002a),
it is revealing that Steve (2001c, 967) says that Thomas Kuhn’s 
Structure of Scientifi c Revolutions (1962) was among the most impor-
tant infl uences on the development of PE, not just because it 
substantively describes a punctuated tempo of change in scientifi c 
theories, but also because it methodologically lays out a roadmap 
for revolution in scientifi c theories. Two smart young paleontolo-
gists saw an opportunity to shake up their fi eld, to transform it, 
to shift its center of gravity from “handmaiden for geology” to the 
“high table of evolutionary biology.” Although PE clearly was origi-
nally based on empirical patterns from the fossil record—and, in 
its initial formulation, proposes nothing beyond application of a 
particular theory of speciation to paleontological data—Gould 
and Eldredge quickly realized that it was also a logical basis for 
liberating paleontology from biostratigraphy, for an independent 
status of macroevolution as a subfi eld of evolutionary biology 
based in part on the unique contribution of their chosen fi eld, 
paleontology. This is heady stuff, and in this context it can hardly 
be surprising that Gould and Eldredge sought to run PE out to its 
maximal logical extent.

As Steve puts it, he and Eldredge set out “to apply microevo-
lutionary ideas about speciation to the data of the fossil record 
and the scale of geological time . . . to show how standard micro-
evolutionary views about speciation, then unfamiliar to the great 
majority of working paleontologists, might help out our profes-
sion to interpret the history of life more adequately” (2002c, 775,
777–78). The theory’s emphasis on morphological stasis was an 
“empowering switch” that “enabled paleontologists to cherish their 
basic data as adequate and revealing, rather than pitifully frag-
mentary and inevitably obfuscating.” Paleontology could therefore 
“emerge from the intellectual sloth of debarment from theoretical 
insight imposed by poor data—a self-generated torpor that had 
confi ned the fi eld to a descriptive role in documenting the actual 
pathways of life’s history. Paleontology could now take a deserved 
and active place among the evolutionary sciences” (2002c, 778).
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Understanding that it was among Gould and Eldredge’s goals to 
use PE to “revolutionize” paleontology (and evolutionary biology) 
helps to account for much of the criticism that PE and its subse-
quent elaboration received, and much of Gould and Eldredge’s 
response. As Steve frequently complained, critics variously claimed 
that PE wasn’t true, wasn’t original, or wasn’t interesting, much 
less that it was revolutionary. This certainly must have touched a 
nerve in the two young would-be fi re brands.

(2) Steve caused a lot of his own problems. Much of the criticism 
that PE received was (and is) unjustifi ed, but some resulted from 
confusion sown by Steve himself. This was not, as has been claimed, 
because he was ducking and dodging, changing his views to fi t 
whatever would work. It was largely because, as mentioned above, 
he rapidly ran PE to (and perhaps beyond) its logical extremes, 
and also because he used hyperbole and incendiary language, 
even when he should have known better.

Steve (2002c, 981–84) attributed much of the negative reception 
of PE to the media coverage of the 1980 Chicago Macroevolution 
Conference. Some of the press, he argues, connected disagreements 
over mechanism at the meeting to then-resurgent creationism, and 
“kindled the understandable wrath of orthodox Darwinians and 
champions of the Modern Synthesis” (2002c, 983). Yet Steve himself 
was responsible for at least some of the negative reception and in 
Structure he (perhaps a bit reluctantly) admits this. When he lists his 
and Eldredge’s “own faults and failures,” he says:

critics can identify three sources of potential confusion that might 
legitimately be laid at our doorstep, and might have been prevented 
had our crystal ball been clearer . . . I did use some prose fl ourishes 
that, in a context of considerable suspicion and growing jeal-
ously, probably fanned the fl ames of confusion. Although I never 
stated anything unclearly, and committed no logical errors that 
could legitimately have inspired a resulting misreading, I should 
have toned down my style in a few crucial places. . . . We may have 
sown some confusion by using partially overlapping terminology 
for a specifi c theory (punctuated equilibrium), and for the larger 
generality (punctuational styles of change) in which that theory 
lies embedded. But this taxonomic usage does stress a legitimate 
commonality that we wished to emphasize. (2002c, 1010–11)



Two statements in particular, made in papers in 1977 and 1980
as Gould and Eldredge were beginning to explore the wider impli-
cations of PE in earnest, came back to haunt Steve; these two state-
ments became lightning rods and “sound bites” for critics, many of 
whom had never read or understood their original context.

(a) The Synthesis is “effectively dead.” In a paper celebrating 
the fi fth year of the journal Paleobiology, infamously titled “Is a new 
and general theory of evolution emerging?” Steve suggested that 
the Neodarwinian synthesis, “as a general proposition, is effec-
tively dead” (1980c, 120). This provoked enormous criticism and 
a series of spirited specifi c rebuttals (see 2001c, 1004 for refer-
ences). In Structure, he admits that, perhaps, he should have been 
a bit more circumspect:

Given the furor provoked, I would probably tone down—but not 
change in content—the quotation that has come to haunt me in 
continual miscitation and misunderstanding by critics: “I have 
been reluctant to admit it—since beguiling is often forever—but 
if Mayr’s characterization of the synthetic theory5 is accurate, then 
that theory, as a general proposition, is effectively dead, despite its 
persistence as textbook orthodoxy” (Gould 1980, 120). (I guess 
I should have written the blander and more conventional “due for 
a major reassessment” or “now subject to critical scrutiny and revi-
sion,” rather than “effectively dead.” . . . Yes, the rhetoric was too 
strong (if only because I should have anticipated the emotional 
reaction that would then preclude careful reading of what I actually 
said). (2002c, 1007)

He protests, however, that

Critics generally complete their misunderstanding of my 1980
paper [1980c] by first imagining that I proclaimed the total 
overthrow of Darwinism, and then supposing that I intended 
punctuated equilibrium as both the agent of destruction and the 
replacement. But punctuated equilibrium does not occupy a major, 
or even a prominent, place in my 1980 paper. . . . I did speak exten-
sively—often quite critically—about the reviled work of Richard 
Goldschmidt, particularly about aspects of his thought that might 
merit a rehearing. This material has often been confused with 
punctuated equilibrium by people who miss the crucial issue of 
scaling, and therefore regard all statements about rapidity at any 
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level as necessarily unitary, and necessarily fl owing from punctu-
ated equilibrium. In fact . . . my interest in Goldschmidt resides in 
issues bearing little relationship with punctuated equilibrium, but 
invested instead in developmental questions that prompted my fi rst 
book [1977e]. . . . The two subjects, after all, are quite separate, and 
rooted in different scales of rapidity . . . I do strive to avoid the label 
of homo unius libri.” (2002c, 1005)

Steve responds to Dennett’s (1997) harsh criticism in much the 
same way. Dennett (1997) quoted from the infamous 1980 paper 
to support his claim that Steve had advocated for a “non-Darwinian 
saltation” as the “fi rst step in the establishment of a new species.” The 
passage quoted by Dennett: “Speciation is not always an extension of 
gradual, adaptive allelic substitution to greater effect, but may repre-
sent, as Goldschmidt argued, a different style of genetic change—
rapid reorganization of the genome, perhaps non- adaptive” (Gould, 
1980c, 119). Steve responds to what he calls Dennett’s “pitiful” case 
by saying that “this quotation doesn’t even refer to PE, but comes 
from a section of my 1980 paper on the microevolutionary mechanics 
of speciation” (2002c, 1009).

Yet despite his admission that his earlier rhetoric might have 
been a bit excessive and even confusing at times, it is striking that 
Steve continued even as late as 2002 to make exactly the same 
kinds of extreme statements. For example, he says that critics 
misinterpreted PE as having “something to say about evolu-
tion in general . . . [It doesn’t,] for punctuated equilibrium only 
confi rms all the beliefs and predictions of the Modern Synthesis” 
(2002c, 1000–1001). In a very narrow sense, this is correct, but 
both Gould and Eldredge clearly did (and Eldredge continues to; 
see, e.g., Eldredge 1995) think they had “something to say about 
evolution in general” and clearly implied that they thought what 
they “had to say” would, at least in part, transcend the Synthesis. 
Steve similarly claims that he never “made the Goldschmidtian 
link” (2002c: 1007), yet he so strongly implied it (in several places: 
1977s; 1980v; 1982h) that only the most careful reader would 
have (at least initially) grasped his distinction.6

(b) Marxism at his daddy’s knee. In their fi rst major foray into 
exploring the wider implications of PE, Gould and Eldredge (1977; 
1977c) included discussion of the cultural embeddedness of theory, 
contrasting the Victorian setting of Darwin’s  gradualism with other 
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possible cultural settings of punctuational styles of change. They 
concluded with what became one of the most-repeated Gouldisms: 
“It may also not be irrelevant to our personal preferences that one 
of us learned his Marxism, literally at his daddy’s knee.” (Gould 
and Eldredge 1977, 146). This statement too, was subject to wide 
citation and criticism.

In Structure, Steve refl ected on the decades of opprobrium this 
line engendered by reviewing in some detail his and Eldredge’s 
structuring of the passage:

I do not see how any careful reader could have missed the narrowly 
focused intent of the last section in our 1977 paper, a discus-
sion of the central and unexceptionable principle, embraced by 
all professional historians of science, that theories must refl ect a 
surrounding social and cultural context. We began the section by 
trying to identify the cultural roots of gradualism in larger beliefs 
of Victorian society . . . We couldn’t then assert, with any pretense 
to fairness or openness to self-scrutiny, that gradualism represents 
cultural context, while our punctuational preferences only record 
unvarnished empirical truth. . . . We therefore began by writing 
[p. 145] that “alternative conceptions of change have respectable 
pedigrees in philosophy.” We then discussed the most obvious 
candidate in the history of Western thought: the Hegelian dialectic 
and its redefi nition by Marx and Engels as a theory of revolutionary 
social change in human history. . . . But the argument required one 
further step for full disclosure. We needed to say something about 
why we, rather than other paleontologists at other times, had devel-
oped the concept of punctuated equilibrium. We raised this point 
as sociological commentary about the origin of ideas, not as a scien-
tifi c argument for the validity or the same ideas. . . . So I mentioned a 
personal factor that probably predisposed me to openness towards, 
or at least an explicit awareness of, a punctuational alternative to 
conventional gradualistic models of change: “It may also not be 
irrelevant to our personal preferences that one of us learned his 
Marxism, literally at his daddy’s knee.” . . . I have often seen this 
statement quoted, always completely out of context, as supposed 
proof that I advanced punctuated equilibrium in order to foster a 
personal political agenda. I resent this absurd misreading. I spoke 
only about a fact of my intellectual ontogeny; I said nothing about 
my political beliefs (very different from my father’s, by the way, 
and a private matter that I do not choose to discuss in this forum). 
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I included the line within a discussion of personal and cultural 
reasons that might predispose certain scientists towards consider-
ation of punctuational models. . . . In the next paragraph, I stated 
my own personal conclusions about the general validity of punc-
tuational change—but critics never quote these words, and only 
cite my father’s postcranial anatomy out of context instead: “We 
emphatically do not assert the ‘truth’ of this alternative metaphysic 
of punctuational change. Any attempt to support the exclusive 
validity of such a monistic, a priori, grandiose notion would verge 
on the nonsensical.” (2002c, 1018)

Fair enough, but I am also reminded that Steve often said that 
one should look at the core of an argument, not the fi ne points, 
to get at what they really think. For example, he responded to 
critics of PE who suggested that the theory contained nothing new 
by complaining about “the frequent grousing of strict Darwinians 
who often say something like: ‘but we know all this, and I said 
so right here in the footnote to page 582 of my 1967 paper . . . ” 
(2002c, 1023). “General tenor,” he said, “not occasional commen-
tary, must be the criterion for judging a scientist’s basic concep-
tions.” (Gould and Eldredge 1993, 444). By this standard, it is I 
think safe to say that Steve wanted to push the comparison of PE to 
other punctuational ideas to the full extent possible, and he paid 
the price in criticism for occasionally going too far.

Steve’s responses to criticism of these and other similarly infl am-
matory passages in his writing legitimately raise the question of 
how he could not have seen how potentially confusing such state-
ments were. There are several possible explanations: (1) He did 
realize how provocative such statements would be and genuinely 
didn’t care, and in fact intentionally intended to stimulate contro-
versy. He did, after all, write that “iconoclasm always attracts me” 
(2001m, 369); (2) He made such statements unconsciously, later 
really did realize that he had made more than just a stylistic mistake, 
and “backpedaled hard” (Dennett 1995, 283–84); (3) He couldn’t 
imagine that his readers wouldn’t read carefully enough to under-
stand the distinctions so clear in his own mind (and actually mostly 
there in what he wrote). I personally think it was some combination 
of the fi rst and third of these. As I have already mentioned, Steve 
thought it was completely conventional and legitimate to rush to the 
logical boundaries with a new idea, test the theoretical limits, and 
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then pull back where needed; he said as much (albeit sometimes in 
fi ne print) and simply assumed everyone would understand.

(3) The logic of PE (and its implications) is clear. Anyone putting 
ideas into any public forum opens the doors for potential criticism. 
The more ideas you put out there—and the more iconoclastic 
and provocative they are—the more you risk being criticized. In 
his writing and conversation, Steve grouped criticism of him into 
three categories. The fi rst was correction of empirical or objective 
points, which he said he not only accepted but loved. “The factual 
correction of error,” he wrote, “may be the most sublime event in 
intellectual life, the ultimate sign of our necessary obedience to a 
larger reality and our inability to construct the world according to 
our desires” (1993 l, 452).

The second was simple, personal nastiness, in the form of willful 
misrepresentation and snide remarks, which he said was deeply 
hurtful to him. (One of my clearest memories as a graduate student 
is that he advised a group of us one day, as we were discussing a 
paper highly critical of him: “when you go out into the world, 
don’t engage in this kind of ad hominem attack.”) The unfairness 
of much of this criticism has been cited by others (e.g., Ruse 2000;
Wagner 2002). Steve attributed much of this kind of commentary 
to “little more than complex fallout from professional jealousy, 
often unrecognized and therefore especially potent” from “our 
most negatively inclined colleagues” (2002c, 1000).

The third was criticism that resulted from (conscious or uncon-
scious) misunderstanding of what he had tried to say. Although 
some of the most severe and high-profi le criticism focused around 
Steve’s critique of adaptationism, particularly in sociobiology and 
evolutionary psychology (e.g., Davis 1984; Dennett 1997; Pinker 
1997; Wright 1999), these issues are in my view epiphenomenal 
on the core of Steve’s view, which is the theory of PE.

In my two decades of teaching, reading the technical litera-
ture, going to scientifi c meetings, and encountering professional 
colleagues, no single phenomenon has impressed, puzzled, and 
frustrated me more (aside from creationism) than the misrepre-
sentation and misunderstanding of PE and its larger evolutionary 
implications. Not being a professional logician limits my ability 
to level a coherent technical critique of the responses I have 
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encountered. I can only say (in a statement that sounds so naive 
that I can hardly write it) that I simply cannot understand how 
something that appears to be so entirely logical to me can appear 
so otherwise to others.

This point is central to the argument and analysis of this essay. 
Putting empirics aside, the logical necessity of many if not most of 
the immediate implications of PE is compelling, if not indisput-
able, and this has been pointed out repeatedly by others (e.g., 
Hull 1980; Sober 1984; Lloyd 1988; Eldredge 1989; Vrba 1989;
Lieberman 1995). The argument in its simplest form is as follows: 
If all or even most species in a clade are in stasis, then most evolu-
tionary change in morphology is not occurring within species, and 
therefore must be occurring between species. If this is the case, 
trends must largely be the result of sorting among species, rather 
than extension and extrapolation of within-species anagenesis. 
This requires at least a modestly hierarchical view of the evolu-
tionary process and an emphasis on speciation that the Modern 
Synthesis did not have. I don’t see how it can be otherwise. PE, 
wrote Steve in summarizing this logic, “supplies the central argu-
ment for viewing species as effective Darwinian individuals at a rela-
tive frequency high enough to be regarded as general—thereby 
validating the level of species as a domain of evolutionary causality, 
and establishing the effectiveness and independence of macroevo-
lution. Punctuated equilibrium makes its major contribution to 
evolutionary theory, not by revising microevolutionary mechanics, 
but by individuating species (and thereby establishing the basis for 
an independent theoretical domain of macroevolution . . . [This 
shift] ineluctably places much greater emphasis upon chance and 
contingency, rather than predictability by extrapolation.” (2002c,
781–83) PE, Steve once said with succinctness, “leads to hierarchy, 
not saltationism” (1986a, 62). This argument says nothing about 
the validity of species selection, which I discuss further below.

Certainly the most quoted criticism of this argument—and of 
Gould as a scientist—came from John Maynard Smith (1995):

Gould occupies a rather curious position, particularly on his side 
of the Atlantic. Because of the excellence of his essays, he has 
come to be seen by non-biologists as the preeminent evolutionary 
theorist. In contrast, the evolutionary biologists with whom I have 
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discussed his work tend to see him as a man whose ideas are so 
confused as to be hardly worth bothering with, but as one who 
should not be publicly criticized because he is at least on our side 
against the creationists. All this would not matter, were it not that 
he is giving non-biologists a largely false picture of the state of 
evolutionary theory.

Ironically, Maynard Smith (1984) is also the originator of the 
much-repeated line that paleontology is once again at the “high 
table” of evolution, largely as a result of PE and its derivatives (see, 
e.g., Eldredge 1995; Ruse and Sepkoski 2008).

Other examples of the same genre of criticism appear in 
comments by other distinguished authors. Dan McShay (2004),
for example, admits that he has “never been able to understand 
why species selection requires punctuated equilibrium,” but 
worries “that this is my own obtuseness, because Steve and others 
seem so sure of the connection” (2004, 48). In his overview of 
Steve’s career, Allen Orr (2002a, 137) complains that “it’s hard to 
see what species selection has to do with punctuated equilibrium 
anyway.” In a still more cluelessly critical vein, Mark Ridley writes 
in his review of Structure :

According to Gould, the theory of punctuated equilibrium implies 
that species are individuals, not classes. But I do not see the logical 
connection. Evolution in general, not punctuated equilibrium in 
particular, is the reason species do not form classes. If anything, the 
relative constancy of species after their sudden origin would make 
them more like a class . . . again, I do not see that species selection 
follows from either punctuated equilibrium or the individuality of 
species. . . . Gould argues that punctuated equilibrium means that 
species are individuals and that the individuality of species enables 
species selection to operate. I have no problem with the three 
factual claims—of punctuated equilibrium, of the individuality of 
species, and of species selection. But I do not agree that the three 
are linked causally or conceptually. If they are not, Gould’s system 
does not work. (2002, 11)

After years of attempting to rebut some of these critiques, Steve 
offered an analysis fully in line with his long-standing view of how 
science works. If smart people don’t “get it,” he said, then that is a 
sure sign that “it” is outside their conceptual worldview:
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I have long faced a paradox in trying to understand why many intel-
ligent critics seem unable to understand or acknowledge our reiter-
ated insistence that the radical claim of punctuated equilibrium lies 
not in any proposal for revised microevolutionary mechanisms . . . but 
rather at the level of macroevolution. . . . When smart people don’t 
“get it,” one must conclude that the argument lies outside whatever 
“conceptual space” they maintain for assessing novel ideas in a given 
area. Many evolutionists, particularly those committed to the strict 
Darwinism of unifocal causation at Darwin’s own organismic level, 
or below at the genic level, have never considered the hierarchical 
model, and apparently maintain no conceptual space for the notion 
of effective selection at higher levels. (2002c, 1013)

I think Steve was correct in this critique. After all, he himself 
refers to hierarchy as the most diffi cult intellectual conundrum 
he ever confronted (2002c, 598). Yet I think his analysis is incom-
plete. It is true that most of his critics did not understand (or even 
try to understand) hierarchy, but they also did not grasp the other 
ramets of his worldview, and how they cohered into an overarching 
conception of nature.

III. Humanism

A. A humanistic naturalist

Although he did not say so frequently in his early work, by the end 
of his career Steve often identifi ed himself with the humanities and 
the humanist perspective. For example, he wrote that he was “a 
naturalist by profession, and a humanist at heart” (2001m, 396); “I 
love, best of all,” he said, “the sensitive and intelligent conjunction 
of art and nature—not the domination of one by the other” (1998x, 
2). “If any overarching theme pervades this body of writing,” he 
said about his Natural History essays, “I suppose that a groping effort 
toward the formulation of a humanistic natural history must unite 
the disparate” (1998x: 4). “I do love nature,” he wrote, perhaps 
somewhat defensively, “as fi ercely as anyone who has ever taken up 
a pen in her service. But I am even more fascinated by the complex 
level of analysis just above and beyond . . . that is, the history of 
how humans have learned to study and understand nature. I am 
primarily a ‘humanistic naturalist’ in this crucial sense. . . . That is, 
I am enthused by nature’s constitution, but even more fascinated 



24 Warren D. Allmon

by trying to grasp how an odd and excessively fragile instrument—
the human mind—comes to know this world outside, and how the 
contingent history of the human body, personality, and society 
impacts the pathways to this knowledge” (1998x, 5).

Harvey Blume (2002) noted that “Gould’s science and literary 
style owed more to art and artists than to algorithms.” This human-
istic interest had deep roots in his life. Steve’s childhood was 
clearly one in which books and culture mattered a great deal. He 
says that he “shared the enormous benefi t of a respect for learning 
that pervades Jewish culture, even at the poorest economic levels” 
(1999n, 8). These humanistic interests led him to become a double 
major at Antioch College in geology and philosophy, which in turn 
led him to the examination of two ideas that were to have major 
implications for his later work— uniformitarianism and form. As 
an undergraduate he wrote a paper on “Hume and uniformitari-
anism.” “This work led me” he wrote, “to a more general analysis of 
the potential validity of catastrophic claims, and particularly to an 
understanding of how assumptions of gradualism had so stymied 
and constrained our comprehension of the earth’s much richer 
history” (2002c, 44–45). Such thinking also clearly contributed to 
his predilection for “punctuated” patterns of change.

Although Steve’s love of formalism and structuralism clearly 
had a basis in his empirical work, I think this interest was funda-
mentally based in his humanistic leanings. He loved D’Arcy 
Thompson’s book Growth and Form (1942) and wrote his senior 
thesis on Thompson’s theory of morphology (eventually published 
as 1971b). To the end of his life he remained proud of his fi rst 
review article (1966c) on this subject, “written and published while 
I was still a graduate student” (2002c, 42). As a direct result, Steve 
then took up allometry for some of his fi rst empirical and theoret-
ical studies, fascinated by the problems of correlations of growth 
and the resulting structural constraints (e.g., 1968b; 1969g; 1971c
and e). In 1970, he published a paper on form (1970c) that took a 
strongly adaptationist approach, much to his later dismay (2002c,
41). Yet most of his work on form focused on what he would come 
to call the formalist or structuralist perspective, or “laws of form”—
the notion that growth itself, like history, was a powerful channeler 
of the potential directions of evolutionary change. Ultimately, this 
interest in form was to lead to what may well end up being one of 
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his most lasting and infl uential scientifi c contributions, Ontogeny
and Phylogeny (1977e), as well as the famous Spandrels paper with 
Richard Lewontin (1979k). “I read the great European structur-
alist literatures in writing my book on Ontogeny and Phylogeny,” 
he said; “I don’t see how anyone could read, from Goethe and 
Geoffroy down through Severtzov, Remane and Riedl, without 
developing some appreciation for the plausibility, or at least the 
sheer intellectual power, of morphological explanations outside 
the domain of Darwinian functionalism” (2002c, 43).

This interest in structure and form of course vastly transcended 
its humanistic origins in Steve’s thought to become a central 
feature of his view of the evolutionary process. Rules of structure, 
he wrote, “deeper than natural selection itself, guarantee that 
complex features must bristle with multiple possibilities—and 
evolution wins its required fl exibility thanks to messiness, redun-
dancy, and lack of perfect fi t” (1993l, 120). Indeed, the very possi-
bility of future evolution—what he called “evolvability”—depended 
in large part on the nonselective side consequences of these struc-
tural rules. (See Thomas, this volume, for further discussion.)

Beyond these specific scientific themes, Steve’s interest in 
humanism infused everything he did with a panoramic view that 
virtually required him to connect science with art, literature, and 
history. His insistence on examining the history and social setting 
of ideas was not merely an antiquarian exercise but rather central 
to his view of how humans think. “I cannot imagine a better test 
case for extracting the universals of human creativity,” he said, 
“than the study of deep similarities in intellectual procedure 
between the arts and the sciences” (1999c; 2001m, 51). Writing 
about Vladimir Nabokov, Steve said that the lepidopterist-novelist 
“sought to . . . illustrate the inevitably paired components of any 
integrated view that could merit the label of our oldest and fondest 
dream of fulfillment—the biblical idea of ‘wisdom’ ” (1999c; 
2001m, 51–52).

Steve’s humanistic interests connected directly to his view of 
how science works. Because science is a human activity, exami-
nation of the human origin of ideas, particularly the personal 
background of the thinkers who developed them, was essential 
to a more adequate understanding of the ideas themselves. Some 
examples:
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Theory-free science makes about as much sense as value-free poli-
tics. Both terms are oxymoronic. All thinking about the natural 
world must be informed by theory, whether or not we articulate our 
preferred structure of explanation to ourselves. . . . Moreover, theory 
is always, and must be, colored by social and psychological biases of 
surrounding culture; we have no access to utterly objective observa-
tion or universally unambiguous logic. (1993p; 1995l, 419–20)

Scientifi c progress depends more upon replacing theories than 
adding observations (and waiting until they coalesce into a proper 
explanation), and if all theories are bolstered by cultural biases, 
then any process of replacement requires an unmasking of previous 
structures. (1993p; 1995l, 420)

Creative science is always a mixture of facts and ideas. Great 
thinkers are not those who can free their minds from cultural 
baggage and think or observe objectively (for such a thing is impos-
sible), but people who use their milieu creatively rather than as a 
constraint. . . . Such a conception of science not only validates the 
study of history and the role of intellect—both subtly downgraded 
if objective observation is the source of all good science. It also 
puts science into culture and subverts the argument—advanced by 
creationists and other modern Yahoos, but sometimes consciously 
abetted by scientists—that science seeks to impose a new moral 
order from without. (1981e; 1987f, 103)

Also in line with his humanism was Steve’s strident advocacy of 
interdisciplinariness, and his complaints about “the increasingly 
rigid and self-policed boundaries” (2001m, 29) between academic 
disciplines. (I was deeply disappointed when I left graduate school 
for my fi rst job and discovered that the rest of academia did not 
share this commitment. Even now, when interdisciplinariness is 
more on the lips of administrators than ever, in practice it faces 
substantial obstacles in academic culture, and remains largely unen-
couraged and unrewarded.) He wrote numerous essays, as well as 
four books, on the connection of the arts and humanities with 
science (e.g., 1986m; 1992l; 1993h; 2000l). The master naturalist 
and traveler Alexander von Humboldt (1769–1859), said Steve,

rightly emphasized the interaction of art and science in any 
deep appreciation of nature . . . this vision may now be even more 
important and relevant today. . . . For never before have we been 
surrounded with such confusion, such a drive to narrow special-
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ization, and such indifference to the striving for connection and 
integration that defi nes the best in the humanist tradition. Artists 
dare not hold science in contempt, and scientists work in a moral 
and aesthetic desert . . . without art. Yet integration becomes more 
diffi cult to achieve than ever before, as jargons divide us and anti-
intellectual movements sap our strength. (2001m, 108)

It is ironic, given his profound humanistic interest, that Steve 
found such personal and intellectual delight in the dethroning 
and diminution of human status, of smashing the idols of our 
hubris, of passionately arguing that the world was not only not 
made for humans, but that it did not care for us at all. One of his 
favorite and most-repeated quotes was from Freud (1935) (Steve 
usually abbreviated it [e.g., 1995k, 325; 1996d, 17; 2001m, 217];
it is given here in full):

Humanity has in the course of time had to endure from the 
hands of science two great outrages upon its naive self-love. The 
fi rst was when it realized that our earth was not the center of the 
universe, but only a tiny speck in a world-system of a magnitude 
hardly conceivable; this is associated in our minds with the name of 
Copernicus, although Alexandrian doctrines taught something very 
similar. The second was when biological research robbed man of his 
peculiar privilege of having been specially created, and relegated 
him to a descent from the animal world, implying an ineradicable 
animal nature in him: this transvaluation has been accomplished in 
our own time upon the instigation of Charles Darwin, Wallace, and 
their predecessors, and not without the most violent opposition 
from their contemporaries. But man’s craving for grandiosity is now 
suffering the third and most bitter blow from present-day psycho-
logical research which is endeavoring to prove to the ego of each 
one of us that he is not even master in his own house, but that he 
must remain content with the veriest scraps of information about 
what is going on unconsciously in his own mind. We psycho-analysts 
were neither the fi rst nor the only ones to propose to mankind that 
they should look inward; but it appears to be our lot to advocate 
it most insistently and to support it by empirical evidence which 
touches every man closely.7

This statement, Steve said, “suggests a criterion for judging the 
completion of scientifi c revolutions—namely, pedestal-smashing 
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itself. Revolutions are not consummated when people accept the 
physical reconstruction of the universe thus implied, but when 
they grasp the meaning of this reconstruction for the demo-
tion of human status in the cosmos” (1995s; 1995k, 325). This 
“pedestal-smashing” was an indelible and enduring element of 
Steve’s thought and approach to intellectual life. The more disap-
pointing to cherished human hopes an idea was, the more he 
liked it. In fact, he thought that an idea was truer because it was 
against our comfortable beliefs: “Most satisfying tales,” he said, 
“are false” (1996o, 318). He did not fi nd this attitude depressing 
in the least: “The defl ation of hubris is blessedly positive, not 
cynically disabling” (2001m, 227). “The debunking of canonical 
legends . . . serves a vital scholarly purpose at the highest level of 
identifying and correcting some of the most serious pitfalls in 
human reasoning. . . . we like to explain pattern in terms of direc-
tionality, and causation in terms of valor. The two central and essen-
tial components of any narrative—pattern and cause—therefore 
fall under the biasing rubric of our mental preferences” (2000o;
2001m, 55–56).

Nature, to Steve, was one of innate unpredictability and twists 
and turns, not just regularity dictated by physical law (which of 
course he accepted). The idea that order could be created by 
“blind” natural selection delighted him. “How delicious,” he 
gushed, “to contemplate that these ‘benevolent’ results [good 
organic design and harmonious ecosystems] arise only as side 
consequences of a mechanism operating ‘below’ divine superin-
tendence, and pursuing no ‘goal’ but the selfi sh propagation of 
individuals—that is, organisms struggling for personal reproduc-
tive success, and nothing else” (1992s; 1995k, 341).

Although many other taxonomies would be just as fruitful, I think 
of Steve’s humanism as falling into four broad categories: writing, 
human equality, religion, and the role of a public intellectual.

B. The republic of letters: Essays, books, and the status
of scientifi c writing

Many commentators have said that Steve was as much (or more) 
a writer as a scientist; many critics of his science have agreed. 
Indeed, most of his obituaries and memorials cited his popular 
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writing as his signal achievement. If there was ever a scientist 
who demonstrated the truth of Canadian physician William 
Osler’s observation that “In science, the credit goes to the man 
who convinces the world, not to the man to whom the idea fi rst 
occurs” (Bean and Bean 1961, 112), it was Steve Gould. But 
Steve’s life in letters was much more than his popularity as an 
essayist and best-selling “popular writer.” His published legacy 
leaves us with a number of important unanswered questions 
about the nature of scientifi c writing. Some of these issues have 
already been subjected to textual analyses (e.g., Lyne and Howe 
1986; Selzer 1993). Here I comment on three aspects of his 
writing: the connection between his popular and technical publi-
cations; the form of the essay; and his love affair with language 
and literature in general.

(1) Popular vs. technical. Steve said that he saw no distinction 
between his technical and popular writing, and intended his 
“popular” essays “for professionals and lay readers alike—an old 
tradition, by the way, in scientifi c writing from Galileo to Darwin, 
though effectively lost today.” (1995k, xiv). He refused “to treat 
these essays as lesser, derivative, or dumbed-down versions of tech-
nical or scholarly writing for professional audiences.” Rather, he 
said, he insisted on “viewing them as no different in conceptual
depth (however distinct in language) from other genres of orig-
inal research” (2001m, 6). Even one of Steve’s harshest critics 
praised this feature of his writing: “he follows the admirable policy 
of writing at the same time for amateurs and professionals. I envy 
his ability to do this” (Maynard Smith, 1992).

There were strong similarities between the two kinds of work. 
For example, Steve noted that he had frequently presented in his 
“popular” essays “genuine discoveries, or at least distinctive inter-
pretations, that would conventionally make their fi rst appearance 
in a technical journal for professionals. . . . I have frequently placed 
into these essays original fi ndings that I regard as more impor-
tant, or even more complex, than several items that I have initially 
published in conventional scholarly journals” (2001m, 6–7). 
Also, in both popular and technical work he was “most moved by 
general themes,” but found them “vacuous unless rooted in some 
interesting particular” (1987f, 10).
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Yet the intellectual connection that Steve perceived between his 
popular and scholarly writing has a more general and provoca-
tive meaning and implication that all scientists should consider 
further. Steve’s published work spans a continuum from Op-Ed 
pieces that were simply fun or completely nonscientifi c to peer-
reviewed taxonomic monographs and dense philosophical anal-
yses of hierarchy. He perceived no bright line between popular 
and nonpopular work, and his erudition and prolixity allowed him 
(much to the dismay of some critics) to get away with it. Most 
other scientists probably couldn’t (or wouldn’t) try to copy this 
model. Yet in an age of proliferating blogs, self-published books, 
and online databases, not to mention exploding volumes of knowl-
edge and discovery (reviewed and nonreviewed) in all fi elds, the 
nature of “published” work is rapidly changing. As a confi rmed 
and proud luddite, Steve mostly did not work in such a world, 
but he stretched the bounds of scientifi c literature in his own 
distinctive way. It is worth considering whether his hybridized 
style of nonpeer-reviewed but still scholarly publication (exempli-
fi ed most notably by his Natural History magazine essays) may be 
a viable genre for future “scientifi c” work. Steve clearly wanted 
his colleagues to cite these pieces as primary literature. (I have 
done so several times, because they contain scientifi cally valuable 
insights, ideas, opinions, and the occasional genuinely new empir-
ical discovery that are unavailable elsewhere; e.g., Allmon 2007.)
Steve’s “popular” essays were, however, only very infrequently cited 
by scientists as primary sources in the technical evolutionary litera-
ture (Ruse 1999), much to Steve’s displeasure:

I confess that I have often been frustrated by the disinclinations, 
and sometimes the downright refusals, of some (in my judgement) 
overly parochial scholars who will not cite my essays (while they 
happily quote my technical articles) because the content did not 
see its fi rst published light of day in a traditional, peer-reviewed 
publication for credentialed scholars. (2001m, 6–7)

(2) The essay as scientifi c literature. Steve reveled in the essay 
as a literary form, repeatedly pointing out its venerable origins 
in the work of Michel de Montaigne (1533–92), whose Essays
(1580) “defi ned as crucial to the genre . . . ordinary things (with 
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deeper messages)” (1995k, ix). He noted that the word “essay” is 
derived from a French word meaning literally “try” or “attempt” 
(2001m, 9). Each of his three hundred essays for Natural History,
for example, were based on “a gem of a detail [which] always 
sought to ground a generality” (1995k, xi). And he had a rich 
storehouse of such gems. “I cannot forget or expunge any item 
that enters my head,”8 he said, “and I can always fi nd legitimate 
and unforced connections among disparate details. In this sense, 
I am an essay machine; cite me a generality, and I will give you six 
tidbits of genuine illustration” (1995k, xi–xii). Maynard Smith 
(1992) summarized nicely what I have frequently thought after 
reading a Gould essay: “they often tell me something that I ought 
to have known but didn’t.” Steve said he kept up his remarkable 
streak of monthly essays without a break in large part because he 
learned from them; they were voyages of personal discovery (as 
when he rediscovered a volume of Edmund Burke on his shelf 
as part of researching an essay on women natural history writers: 
“If I didn’t write these monthly essays, Burke would probably 
have stayed on my shelf until the day I died” [1995k, 197]).

Yet Steve’s essays were not in the “conventional” mode of the 
“natural history essay,” that is more-or-less straightforward descrip-
tive celebrations of the beauty and wonder of nature. His “personal 
theory about popular writing in science,” he said, divided natural 
history essays into two modes: “Galilean [in recognition of Galileo’s 
writing his major works in the vernacular Italian rather than the 
elitist Latin], for intellectual essays about nature’s puzzles, and 
Franciscan [after St. Francis of Assisi], for lyrical pieces about 
nature’s beauty.” “I am, he said, “an  unrepentent Galilean. I work 
in a tradition extending from the master himself, to Thomas 
Henry Huxley in the last century, down to J. B. S Haldane and 
Peter Medawar in our own. I greatly admire Franciscan lyricism, 
but I don’t know how to write in that mode” (1994t; 1995k, 10).

This preference was not just an issue of literary style. It was 
connected to the fact that he “always found the theory of how evolu-
tion works more fascinating than the realized pageant of its paleon-
tological results” (2002c, 38), and for humanistic and intellectual 
issues over what he called the “ ‘wonderment of oddity’ or ‘strange 
ways of the beaver’ tradition” of essay writing (1995u; 1998x, 394). 
“Sorry to be so disparaging,” he added parenthetically after this 
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revealing statement. “The stories are terrifi c. I just often yearn 
for more intellectual generality and less fl orid writing.” “I would 
be an embarrassing fl op in the Franciscan trade,” he wrote else-
where. “Poetic writing is the most dangerous of all genres because 
failures are so conspicuous, usually as the most ludicrous form of 
purple prose. . . . Cobblers should stick to their last and rational-
ists to their measured style” (1991a, 12–13). This style was also 
connected to his general lack of interest in ecology (see Allmon 
et al., this volume) and his long-standing critique of adaptationism 
and emphasis on contingency in evolution. “Nature writing in the 
lyrical mode,” he said, “often exalts the apparent perfection and 
optimality of organic design. Yet . . . such a position plunges nature 
into a disabling paradox, historically speaking. If such perfection 
existed as a norm, you might revel and exult all the more, but for 
the tiny problem that nature wouldn’t be here (at least in the form 
of complex organisms) if such optimality usually graced the prod-
ucts of evolution . . . optimality provokes wonder but provides no 
seeds for substantial change . . . Creativity in this sense demands slop 
and redundancy” (1990m; 1993l, 97–98).

Steve’s writing style—in both his popular and technical 
writing—was an object of much praise and envy. Dust-jacket blurbs 
of his essay volumes lauded his “elegant prose,” “wit and style,” 
and “characteristically energetic, down-to-earth lucidity.” Reviews 
cited glowingly the essays’ “provocative and delightfully discursive” 
style (Wilford 1991) and Steve’s “ability to astonish and amuse us” 
(Lehmann-Haupt 1980). Although he disagreed stridently with 
Steve’s conclusions, even Richard Dawkins said he wrote well (e.g., 
1990). John Updike (1985) observed that, although as Steve’s 
career progressed he was “writing more lengthily but, my faint 
impression is, more felicitously.” The essays were anthologized for 
undergraduate English classes in several colleges and universities 
(Palevitz 2002).

He was proud of being able to take technical scientifi c writing 
in directions it did not usually go: “for some perverse reason that I 
have never understood, editors of scientifi c journals have adopted 
several conventions that stifl e good prose, albeit unintentionally—
particularly the unrelenting passive voice required in descriptive 
sections, and often used throughout” (2000z, xii). In reviewing 
one of Steve’s volumes of essays, Slobodkin (1988, 503) noted 
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one of the characteristics that distinguished his writing: “in most 
scientifi c prose the author strives for clarity in the dual sense of 
expository simplicity and in making oneself transparent so that 
the empirical world is visible through the text but the peculiarities 
of the author are invisible. . . . The uniqueness of Steve is that he 
dances between us and his subject.”

Yet clearly not everyone liked Steve’s style. Although one reviewer 
praised The Flamingo’s Smile by saying that the standard Gould essay 
was “so clear that any educated person can read it and understand” 
(Glass 1987, 426), another expressed about the same volume a 
view that perhaps best epitomizes Steve’s later writing and how it 
was received by many scientists: “Graceful these essays are not—
there are too many digressions and fl at-footed reiterations, too 
little concern for pace and rhythm and economy and polish. For all 
the precision of his thought and research, his syntax and language 
are sometimes confoundingly imprecise” (Quammen 1985).

By the end of his career, Steve’s style had unarguably become 
more elaborate, reaching an apotheosis in his final works. 
Structure, in particular, was criticized fi rst and foremost for its 
size: an “elephantine opus” (Quammen 2003, 74), and “heavy 
enough for a stewardess to have insisted that I store it in an over-
head compartment for takeoff and landing lest it endanger the 
passengers” (Stearns 2002, 2339). Reviewers complained about 
its “almost pathological logorrhea” (Ridley 2002) and “remarkably 
undisciplined prose” (Orr 2002a, 133), and for undergoing almost 
no editing or peer review (Monastersky 2002; Ayala 2005, 113).
The writing, said a reviewer, “is sometimes so verbose, convoluted, 
and digressive that sentences have to reread in order to under-
stand their content” (Zimmerman 2003, 454). “Such billowing 
clouds of verbal fl atulence,” opined an even less kind commen-
tator, “herald a new phenomenon—the literate bioterrorist—or 
maybe a biologically literate deconstructionist, more interested 
in generating complex clauses than in communicating anything.” 
The book, he continued, “is too verbose, too densely written, too 
bombastic and self-referential . . . and too long.” and “stands as a 
monument to good, professional editing, which it didn’t receive. 
Gould—who famously refused to allow any modifi cation of his 
unique prose—got his way at the end, and his book is the worse 
for it” (Barash 2002, 284).
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In February 1993 I was presented for the fi rst time with the 
harrowing and thrilling opportunity of formally reviewing one of 
Steve’s papers (eventually published as 1994f), and I too noted 
the infl ated prose with mild disapproval: “Although the discur-
sive style is fun to read and informative,” I wrote in my review, 
“I note the severe space limitations and resulting publication 
delays that currently plague this journal, and regretfully suggest 
that the text can be shortened by perhaps 20–30% without 
serious damage to its scientifi c content.” (Most of the text was, 
in the end, published as originally written.) Scott Wing, former 
editor of the journal Paleobiology, said that he accepted writing 
from Steve that he “wouldn’t tolerate from others.” Steve’s prose, 
said Wing, was like Russian dolls, “with parenthetical remarks 
within parenthetical remarks within parenthetical remarks” 
(Monastersky 2002, A18).

(3) Literature for literature’s sake. When I was a graduate student 
(1982–88), Steve was just beginning to collect rare books seri-
ously, and he kept many of them in his offi ce where they were 
available to us students. Eventually, as his collection grew, there 
was a lock on the cabinet, and fi nally the rare books disappeared 
entirely when he moved to New York City to his famed loft lined 
with bookshelves (see, e.g., Stephens 1997). Most media accounts 
of his book collecting made him sound like just another eccen-
tric Harvard bibliophile and did not communicate the core of his 
interest in antiquarian books. He did love them for themselves, but 
he also used them as primary sources for his research. Books, he 
wrote, reiterating a point I frequently heard him make in conversa-
tion, “are the wellspring and focus of our lives as scholars” (1987f,
10). Many of his essays were based on old books he purchased, in 
which he discovered marginalia or other ephemera, or from which 
he made new observations that spurred an insight (e.g., 1990o,
1993v, 1995w, 1997r, 1998s, t, 1999y, 2000p, 2000u).

He was enormously proud that his essays were based mostly on 
primary sources (in the original languages). This was not just an anti-
quarian concern; his insistence on tracking down original sources 
in the history of science resulted in what he viewed as several signifi -
cant discoveries (e.g., 1988j, 1993s). Beyond this, he defended his 
obsession on the grounds of general scholarly integrity:
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Very few people, including authors willing to commit to paper, ever 
really read primary sources—certainly not in necessary depth and 
completion, and often not at all . . . yet another guarantee of autho-
rial passivity before secondary sources, rather than active dialogue, 
or communion by study, with the great thinkers of our past. I stress 
this point primarily for a practical, even an ethical, reason. . . . When 
writers close themselves off to the documents of scholarship, and 
rely only on seeing or asking, they become conduits and sieves rather 
than thinkers. When, on the other hand, you study the great works 
of predecessors engaged in the same struggle, you enter a dialogue 
with human history and the rich variety of our intellectual tradi-
tions. You insert yourself, and your own organizing powers, into this 
history—and you become an active agent, not merely a “reporter.” 
Then, and only then, can you become an original contributor, even 
a discoverer, and not only a mouthpiece. (1998x, 6)

Steve’s considerable ability with languages was a point of great 
personal pride; “at a time when so few Americans can deal in 
anything but English . . . ,” he said, “I can read the languages in 
which the main documents of evolutionary theory are written” 
(Monastersky 2002, A17; see also 2001c, 36).

C. They were despised and rejected: The fact of human equality

Steve clearly had a soft spot for the underdog, probably because 
he saw himself as one. He occasionally alluded in his essays to a 
childhood that included substantial abuse from his peers. For 
his childhood interest in dinosaurs, for example, he said he “was 
viewed as a nerd and misfi t on that ultimate fi eld of vocational deci-
sion—the school playground at recess. I was called ‘Fossil Face’; the 
only other like-minded kid in the school [Richard Milner] became 
‘Dino’ . . . The names weren’t funny, and they hurt” (1995k: 222). 
Richard Milner recalls fi rst meeting Steve when they were both twelve 
years old in the sixth grade in Queens. Milner described Gould as 
“a short, chubby, bright-eyed boy with a broad grin” and confi rms 
that Steve hated his nickname, but said he accepted it “with good 
humor” (Milner 2002, 30). Another childhood acquaintance recalls 
Steve as a “chubby and somewhat awkward 14-year-old” (Mackler 
2002). When I was a teaching assistant for him, I recall Steve 
objecting to our changing the grades of students who personally
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complained to us because he said he had always been too shy to do 
so and thought there were many like him.

Beyond his individual experience, as a Jew (albeit a secular 
one), Steve viewed himself as a member of a sometimes dispar-
aged and maligned group, and the history of discrimination, anti-
semitism, and immigration quotas was therefore very personal to 
him. His own ancestors had arrived from Hungary, Poland, and 
Russia during the fi rst decade of the twentieth century, a fact 
that he frequently referred to in his writing. Referring to Henry 
H. Goddard (1866–1957), who argued for restrictions on immi-
gration to the United States in the early twentieth century, Steve 
dedicated Mismeasure of Man (1981l, 1996j) “To the memory of 
Grammy and Papa Joe [his maternal grandparents], who came, 
struggled, and prospered, Mr. Goddard notwithstanding.” He 
said that he wrote the book for reasons that “mixed the personal 
with the professional. I confess, fi rst of all, to strong feelings 
on this particular issue. I grew up in a family with a tradition of 
participation in campaigns for social justice, and I was active, as 
a student, in the civil rights movement at a time of great excite-
ment and success in the early 1960s” (1996j, 36).

Mismeasure was largely a critical success (but it also provoked 
enormous negative reaction; see, e.g., Jensen 1982; Carroll 1995;
Rushton 1996, 1997) and Steve brought out a second edition 
with a new foreword (1996j), largely to respond to The Bell Curve
(Herrnstein and Murray 1994). In a preview of the new edition, 
Steve made it clear what his ultimate fear about The Bell Curve was. 
The book, he said, presented an “apocalyptic vision of a society 
with a growing underclass permanently mired in the inevitable 
sloth of their low IQs. They will take over our city centers, keep 
having illegitimate babies (for many are too stupid to practice 
birth control), commit more crimes and ultimately require a kind 
of custodial state, more to keep them in check (and out of our 
high IQ neighborhoods)” (1994 j ).

The theme of human equality ran through many of his essays 
on human evolution, in which he pointed to “human equality as 
a contingent fact of history” (1984aa, 1997o) and the unreality 
of human races (1974r). These essays were also strong arguments 
for the a “bush” versus a “ladder” view of human evolution (see, 
e.g., 1976m, 1986a, 1987o, 1987p), and so a punctuational over 
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a gradualistic view of evolutionary change, as well as the powerful 
role of contingency in evolution in general. This entire line of 
thought was also closely connected to his critique of adaptationism, 
biological determinism, sociobiology, and evolutionary psychology 
in human biology which was also in turn connected to his critique 
of gene selectionism, and thereby to his thinking on hierarchical 
theories of evolution.

Steve was much struck by the implications the “great chain of 
being” (Lovejoy 1936) for both nonhumans and humans; ranking 
of nonhuman nature, he argued, led inevitably to ranking of 
humans (e.g., 1981l, 1983x, 1983y). He loved the English writer 
Alexander Pope (1688–1744) but shivered at one of his passages 
in Essay on Man (1734),9 and its echoing by others, such as a now-
forgotten female popularizer of conchology, Mary Roberts: “To this 
splendid superstructure [wrote Roberts in 1834], nothing can be 
added; neither can any thing be taken from it, without producing 
a chasm in creation, which, however imperceptible to us, would 
materially affect the general harmony of nature. All things were 
made by Him, and without him cannot any thing subsist; besides, 
it seems as if he designed to teach us by the admirable arrange-
ment of his creatures, that the different gradations in society are 
designed by his providence, and appointed for our good” (1993r;
1995k, 196).

Summarizing his views on what he saw as the long and sorrowful 
legacy of human discrimination, he wrote:

In many years of pondering over fallacious theories of biological 
determinism, and noting their extraordinary persistence and 
tendency to reemerge after presumed extirpation, I have been 
struck by a property that I call “surrogacy.” Specifi c arguments 
raise a defi nite charge against a particular group—that Jews stink, 
that Irishmen drink, that women love mink, that Africans can’t 
think—but each specifi c claim acts as a surrogate for any other. 
The general form of argument remains perennially the same, 
always permeated by identical fallacies over the centuries. Scratch 
the argument that women, by their biological nature, cannot be 
effective heads of state and you will uncover the same structure 
of false inference underlying someone else’s claim that African 
Americans will never form a high percentage of the pool of Ph.D. 
candidates. (2001m, 352)
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Steve wrote with particular passion when discussing anti-Semitism. 
At the end of an essay on an early interpretation of fossils that also 
included strong anti-Semitic statements, Steve wrote a compelling 
epitome of how his views of the relationship between science and 
nonscience connected to his views of human values:

The improvement of knowledge cannot guarantee a corresponding 
growth of moral understanding and compassion—but we can never 
achieve a maximal spread of potential benevolence . . . without 
nurturing such knowledge. Thus the reinterpretation of jew stones as 
[fossil] sea urchin spines . . . can be correlated with a growing under-
standing that Jews, and all human groups, share an overwhelmingly 
common human nature beneath any superfi ciality of different skin 
colors or cultural traditions. And yet this advancing human knowl-
edge cannot be directed toward its great capacity for benevolent 
use, and may actually (and perversely) promote increasing harm in 
misapplication, if we do not straighten out our moral compasses and 
beat all those swords. . . . into plowshares, or whatever corresponding 
item of the new technology might best speed the gospel of peace 
and prosperity through better knowledge allied with wise applica-
tion rooted in basic moral decency. (2001m, 174)

D. The fullness of life: The roles and status of religion and science

Steve described himself variously as “a humanist and non-theist” 
(1995k, 40); “a Jewish agnostic” (1998x, 270); “a paleontologist by 
training, and with abiding respect for religious traditions” (2001m, 
214); “not, personally, a believer or a religious man in any sense 
of institutional commitment or practice” (1998x, 281); and “an 
agnostic in the wise sense of T. H. Huxley, who coined the word 
in identifying such open-minded skepticism as the only rational 
position because, truly, one cannot know” (1999n, 8–9). That is, 
he clearly did not believe in a personal God or deity, but he was 
also closely tied to his own Jewish heritage. He relates that he “had 
no formal religious education,” not even a bar mitzvah, because 
his “parents had rebelled against a previously unquestioned family 
background.” They “retained pride in Jewish history and heritage, 
while abandoning all theology and religious belief.” “In my current 
judgment,” he adds parenthetically, “they rebelled too far” (1999n, 
8). 10 From an early age, Steve valued the cultural role of religion, 
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but not its revealed or supernatural part. It is not possible, in my 
view, to understand Steve’s views of religion and science unless one 
grasps his views on the source of human values and ethics, which 
in turn come out of this fi rmly Jewish and humanistic tradition.

At fi rst glance, Steve appears to have shared completely the 
atheistic and materialist views of critics of religion such as Richard 
Dawkins and Daniel Dennett. (For example, he frequently said 
in lectures about the possibility of extraterrestrial life that astro-
biology was similar to theology in that it was “a discipline with 
no subject matter.”) He also repeatedly and stridently denied that 
science or nature (or, by implication, God) could be the source of 
human values or ethics, because almost any message can be (and 
has been) so derived: “answers to questions about ethical meaning 
cannot come from science” (1992w; 1995k, 75). “Nature simply 
is what she is,” without any inherent moral or ethical message or 
signal for human life (2001m, 108–9). This philosophy was straight 
out of both Darwin and Enlightenment humanism: “When we stop 
demanding more than nature can logically provide . . . we liberate 
ourselves to look within” (2001m, 217–18).

Our failure to discern a universal good does not record any lack of 
insight or ingenuity, but merely demonstrates that nature contains 
no moral messages framed in human terms. Morality is a subject 
for philosophers, theologians, students of the humanities, indeed 
for all thinking people. The answers will not be read passively from 
nature; they do not, and cannot, arise from the data of science. 
The factual state of the world does not teach us how we, with our 
powers for good and evil, should alter or preserve it in the most 
ethical manner. . . . the answer to the ancient dilemma of why such 
cruelty (in our terms) exists in nature can only be that there isn’t any 
answer—and that framing the question ‘in our terms’ is thoroughly 
inappropriate in a natural world neither made for us nor ruled by 
us. It just plain happens. . . . If nature is nonmoral, then evolution 
cannot teach any ethical theory at all. (1982m; 1983d, 42–44)

Once we recognize that the specifi cation of morals and the search 
for a meaning in our lives cannot be resolved by scientifi c data in any 
case, then Darwin’s variational mechanism will no longer seem threat-
ening, and may even become liberating as a rationale for abandoning 
a chimerical search for the purpose of our lives, and the source of our 
ethical values, in the external workings of nature. (2001m, 248)
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Yet Steve did not engage in the strident criticism of religion 
for which Dawkins and Dennett are well known (e.g., Dawkins 
2006; Dennett 2006). Instead, he put forth what, on the surface, 
appeared to be a very different view, which he called “non-over-
lapping magisteria,” or NOMA (1997n, 1999n). This view held 
that science and religion occupy separate but equal realms of 
human endeavor, or magisteria, and neither could or should make 
claims on the other’s legitimate domain of infl uence. “No scien-
tifi c theory, including evolution,” he argued, “can pose any threat 
to religion, for these two great tools of human understanding 
operate in complementary (not contrary) fashion in their totally 
separate realms: science as an inquiry about the factual state of 
the natural world, religion as a search for spiritual meaning and 
ethical values” (2001m, 214).

Steve clearly saw this as a very important social issue: “People 
of goodwill wish to see science and religion at peace, working 
together to enrich our practical and ethical lives” (1999n, 4). 
“[T]he myth of a war between science and religion remains all too 
current, and continues to impede a proper bonding and concilia-
tion between these two utterly different and powerfully important 
institutions of human life. How can a war exist between two vital 
subjects with such different appropriate turfs—science as an enter-
prise dedicated to discovering and explaining the factual basis of 
the empirical world, and religion as an examination of ethics and 
values?” (1994o; 1995k, 48–49). We need science to do what it 
does, he argued, but “We will also need—and just as much—the 
moral guidance and ennobling capacities of religion, the humani-
ties, and the arts, for otherwise the dark side of our capacities 
will win, and humanity may perish in war and recrimination on a 
blighted planet” (2001m, 269).

Science can supply information as input to a moral decision, but the 
ethical realm of “oughts” cannot be logically specifi ed by the factual 
“is” of the natural world—the only aspect of reality that science can 
adjudicate. . . . I win my right to engage moral issues by my member-
ship in Homo sapiens—a right vested in absolutely every human 
being who has ever graced this earth, and a responsibility for all who 
are able. If we ever grasped this deepest sense of a truly universal 
community—the equal worth of all as members of a single entity, 
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the species Homo sapiens, whatever our individual misfortunes or 
disabilities—then Isaiah’s vision could be realized, and our human 
wolves would dwell in peace with lambs, for “they shall not hurt 
nor destroy in all my holy mountain.” We are freighted by heritage, 
both biological and cultural, granting us capacity both for infi nite 
sweetness and unspeakable evil. What is morality but the struggle to 
harness the fi rst and suppress the second? (1995k, 318)

NOMA, however, did not fare well among theologians or philos-
ophers (see, e.g., Polkinghorn 1998; Haught 2000, 2003; Ruse 
2000). The basic reason lay in Steve’s defi nition of religion. In 
order to get religion to not confl ict with science, said critics, Steve 
had to defi ne religion in a way that excluded much of what reli-
gious people value, namely a caring God with supernatural powers. 
To make NOMA work, said theologian John Haught, for example, 
Steve had to “fi rst reduce ‘religion’ to ethics” (2000, 25). Haught 
later elaborated on this critique: Steve could only reconcile science 
and religion, he said:

by understanding religion in a way that most religious people them-
selves cannot countenance. Contrary to the nearly universal religious 
sense that religion puts us in touch with the true depths of the real, 
Steve denied by implication that religion can ever give us anything 
like reliable knowledge of what is. That is the job of science alone. 
As far as Steve was concerned, our religious ideas have nothing to 
do with objective reality. Scientifi c skeptics may appreciate religious 
literature, including the Bible, for its literary and poetic excellence. 
But they must remember that only science is equipped to give us 
factual knowledge. Doubters may enjoy passages of Scripture that 
move them aesthetically, or they may salvage from religious litera-
ture the moral insights of visionaries and prophets. . . . Still, Steve 
could not espouse the idea that religion in any sense gives us truth. 
No less than Dennett and Dawkins, when all is said and done, he too 
held that only science can be trusted to put us in touch with what 
is. At best, religion paints a coat of “value” over the otherwise value-
less “facts” disclosed by science. Religion can enshroud reality with 
“meaning,” but for Steve this meaning is not intrinsic to the universe 
“out there.” It is our own creation. (Haught 2003, 6–7)

Some of these critics accused Steve, in his role as evolutionist 
laureate in the battle with creationism, of articulating NOMA in 
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part to make evolution more palatable to what he knew was a largely 
religious American general public. Perhaps this was indeed part of 
his motivation. Even if it was, however, this charge largely misses 
the main source of the view that NOMA represents: human values 
were, for Steve, no less real and “out there” than rocks or snails, 
but they could not be reduced to or directly determined by genes.
They were for him, like so many other aspects of human conscious-
ness, emergent (and contingent) epiphenomena of the incredible 
complexity of the human brain. Just because values and ethics are 
“our own creation,” this did not for Steve make them less real.

Ultimately, and ironically, NOMA failed because it was an 
attempt to do what Steve consistently criticized in others: make 
reality match our hopes. His family background and intellectual 
leanings made him a nonbeliever, but his cultural heritage imbued 
him with a deep and heartfelt appreciation of the value of non-
revealed aspects of religion. His abiding humanism—perhaps 
combined with some (subliminal?) strategic spinning—compelled 
him to seek and fi nd a personal reconciliation of science and 
religion, but the religion that he thought could coexist in such 
equality with science is a religion that few believers would accept 
(see Allmon 2009, for further discussion).

E. Intellectual adventures within ourselves: 
The role of the (public) intellectual

An important aspect of Steve’s humanism was his self-conscious 
status as a scholar and (eventually a very public) intellectual 
(Lewontin 2008). His writing, particularly his popular essays, is 
fi lled with digressions and discursions about this topic. This self-
appointed status made paleontologists both proud and embar-
rassed. Proud because, in many respects, Steve’s conspicuous 
intellect brought out the best in us, encouraging us to be deeper 
scholars and to think about things in different ways. Sometimes, 
however, we were a bit reluctant to claim him because, although he 
was ours, he was sometimes, well, just a little much. Decades before 
his appearance on The Simpsons, for example, he was producing 
mixtures of admiration and dismay at our own professional meet-
ings for his intellectual and rhetorical pyrotechnics. Two episodes 
in this category stand out in my memory. In 1985, in summing up 
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a professional short course on mollusks before a standing-room-
only crowd at a major geology meeting, he discoursed at length on 
hyaena penises (see 1985d). In 1989, after listening to him give 
a major talk on the reinterpretation of the Burgess Shale (which 
was then so obsessing him) to a packed hall at an international 
meeting of evolutionary biologists, a senior colleague turned to 
me and said, with a combination of affection and bewilderment, 
“Steve is a caricature of himself.”

More substantively, Steve’s prolifi c exploration of the qualities 
of scholarship both in others and in himself provides a fascinating 
(and inspiring) case study of both the opportunities and pitfalls 
of such a broad and anastomosing view of the world. In an essay 
on Goethe as scientist, Steve quoted the German polymath in 
a passage that is remarkably applicable to himself. Quoting his 
own translation of Goethe (1831), he wrote that “a man of lively 
intellect feels that he exists not for the public’s sake, but for his 
own . . . every energetic man of talent has something universal in 
him, causing him to cast about here and there and to select his fi eld 
of activity according to his own desire” (1993l, 155). “The truly 
awesome intellectuals in our history,” he wrote in another essay, 
“have not merely made discoveries; they have woven variegated, 
but fi rm, tapestries of comprehensive coverage. The tapestries 
have various fates: Most burn or unravel in the footsteps of time 
and the fi res of later discovery. But their glory lies in their integrity 
as unifi ed structures of great complexity and broad implication” 
(1993l, 125). “Good scholars,” he said, “struggle to understand 
the world in an integral way (pedants bite off tiny bits and worry 
them to death). These visions of reality . . . demand our respect, for 
they are an intellectual’s only birthright. They are often entirely 
wrong and always fl awed in serious ways, but they must be under-
stood honorably and not subjected to mayhem by the excision of 
patches” (1993l, 136).

Being such a consciously public intellectual, for Steve, also 
came with solemn duties, and he tried to imbue in his students 
a strong sense of scholarly obligation. It was incumbent on each 
of us, he said, to be a generalist without being a dilettante; to 
connect one idea with another in a world fi lled with dissociated 
information and academic over-specialization; to  understand 
that the history of ideas matters as much as the ideas themselves; 



44 Warren D. Allmon

and that you can and should be a teacher and a researcher 
and a communicator to the public, and in fact to be less is not 
to meet your obligations as a scholar. Our internal intellectual 
adventures were to be shared with others, and this simply came 
with the territory:

Our greatest intellectual adventures often occur within ourselves—
not in the restless search for new facts and new objects on the earth 
or in the stars, but from a need to expunge old prejudices and build 
new conceptual structures. No hunt can promise a sweeter reward, 
a more admirable goal, than the excitement of thoroughly revised 
understanding—the inward journey that thrills real scholars and 
scares the bejesus out of the rest of us. (2001m, 355)

Taking stands on important issues was also part of being an intel-
lectual for Steve, and he took public positions and campaigned 
actively on at least four such issues: human equality, creationism, 
textbooks, and natural history museums. I have already discussed 
his stands on human equality. Steve’s public crusading against 
creationism was even more famous (e.g., 1981f, 1982k, 1987i, 
1987t). Philosopher Michael Ruse frequently described his expe-
rience with Steve during the 1981 Little Rock creationism trial: 
“For me these recollections epitomize what Stephen Jay Gould 
was all about: First, that he was there at all—many other promi-
nent fi gures, beginning with Carl Sagan, had been too busy to 
take time out to go down to the South and fi ght the creationists. 
But Steve felt it was his public duty, and he never gave it another 
thought” (Ruse 2003). Historian of creationism Barbara Forrest 
similarly said of Steve that it was remarkable that a “person as 
important in science as he was thought it was worthwhile to get 
involved” in fi ghting the creationists. “He lent his reputation to 
get the attention in the media,” she continued. “He did what I 
wish more scientists would do” (Palevitz 2002).

Steve waged a similar, if less spectacular campaign against 
copying in textbooks (1988j, 1990m; see also O’Keefe 2002, xv). 
He called biology textbooks “the most impenetrable and perma-
nent of all quasi-scientifi c literatures” (2001m, 310). Copying by 
textbook authors was not only damaging because it led to persis-
tence of errors. It also clearly offended him and his pride in using 
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primary sources. (He co-authored a textbook himself [1981c], but 
I heard him say several times that he didn’t like the experience 
and would never write another.)

One campaign even closer to my own heart was Steve’s cham-
pioning of natural history museums. He admitted to “ambiva-
lence . . . about the Jurassic Park phenomenon, and about dinomania 
in general” because it threatens to corrupt natural history museums 
with the promise of greater popularity and accompanying fi nan-
cial stability. “As a symbol of our dilemma,” he observed:

consider the plight of natural history museums in the light of 
commercial dinomania. In the past decade, nearly every major or 
minor natural history museum has succumbed (not always unwisely) 
to two great commercial temptations: to sell a plethora of scientifi cally 
worthless and often frivolous, or even degrading, dinosaur products 
by the bushel in their gift shops; and to mount, at high and sepa-
rate admission charges, special exhibits of colorful robotic dinosaurs 
that move and growl but (so far as I have ever been able to judge) 
teach nothing of scientifi c value about these animals.11 If you ask my 
colleagues in museum administration why they have permitted such 
incursions into their precious and limited spaces, they will reply that 
these robotic displays bring large crowds into the museum, mostly 
of people who otherwise never come. These folks can then be led or 
cajoled into viewing the regular exhibits, and the museum’s primary 
mission of science education receives a giant boost. I cannot fault the 
logic of this argument, but I fear that my colleagues are expressing a 
wish or a hope, not an actual result, and not even an outcome actively 
pursued in most museums. (1995k, 235)

Steve consistently made an eloquent plea for natural history 
museums to do what they do best: to present and interpret 
authentic objects of nature. “It is our job,” he said, speaking of 
natural historians and museum people:

to stay whole, not to be swallowed in compromise, not to execute 
a pact of silence, or endorsement, for proffered payoff. The issue 
is more structural than ethical: we are small, though our ideas are 
powerful. If we merge without maintaining our distinctness, we are 
lost. . . . Our task is hopeless if museums, in following their essences 
and respecting authenticity, condemn themselves to marginality, 
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insolvency, and empty corridors. But fortunately, this need not and 
should not be our fate. We have an absolutely wonderful product 
to fl og—real objects of nature. . . . Luckily—and I do not pretend to 
understand why—authenticity stirs the human soul. The appeal is 
cerebral and entirely conceptual, not at all visual. Casts and replicas 
are now suffi ciently indistinguishable from the originals that no 
one but the most seasoned expert can possibly tell the difference.

Our success,” he concluded, in words that warm the heart of every 
natural history museum director, “cannot be guaranteed, but we 
do have one powerful advantage, if we cleave to our essence as 
guardians of authenticity” (1995k, 234, 236–67).

IV. History

A. Why study history?

My profession, Steve said, referring to paleontology, “embodies 
one theme even more inclusive than evolution—the nature and 
meaning of history” (1985z, 18). History, he said, “must not be 
dismissed as a humanistic frill upon the adamantine solidity of 
‘real’ science, but must be embraced as the coordinating context 
for any broad view of the logic and reasoning behind a subject so 
close to the bone of human concern as the science of life’s nature 
and structure” (2002c, 46).

Whether it was from the human side, or from that accidental 
encounter with the T. rex when he was fi ve, Steve was clearly inter-
ested in history from a very early point in his life. This led him to 
what he called his “fi rst two scientifi c commitments”— paleontology 
and evolution. He was, however, not just taken by history as narra-
tive but as a fundamental process, and not just by the history of life 
but also the history of human thought about that life. All of these 
together comprised a single but multistranded web of connections 
throughout his thinking.

Steve’s interest in history was at least threefold. First was the 
history of science. More than almost anyone else in paleontology 
and evolutionary biology, he was fascinated by the history of these 
fi elds, and this interest was clearly assuming a larger proportion of 
his attention at the end of his life. While many practicing scientists 
turn to the history of their fi eld late in their careers, Steve viewed 
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the history of the discipline as an essential part of being an active 
practitioner within it, and he imbued his students with this view as 
well. I have frequently been struck since leaving graduate school by 
what an unusual view this is. Many, if not most, biologists and geolo-
gists know scarcely more about the history of their fi eld than is 
contained in the obligatory fi rst chapters of textbooks, and largely 
view the history of the fi eld as a quaint antiquarian exercise. Steve, 
in contrast, saw it as central to good scholarship. Analysis of super-
seded world views, he argued, helps us to grasp the signifi cance of 
the theories and ideas we now put forth. Examining the history of 
science, he said, allows us to see that smart people have struggled 
with issues that we might now think are solved. Historiography 
is thus an essential part of doing science today: “To unravel the 
archaeology of human knowledge, we must treat former systems 
of belief as valuable intellectual ‘fossils,’ offering insight about the 
human past, and providing precious access to a wider range of 
human theorizing only partly realized today” (2001m, 168).

Second, Steve was a relentless advocate for the intellectual 
value of the historical—as distinguished from the experimental—
sciences. He argued that practitioners of fi elds such as paleon-
tology, historical geology, evolutionary biology, and cosmology 
should never see themselves as pursuing less rigorous questions 
than students of more ahistorical fi elds such as physics or chem-
istry (e.g., 1986a, 1989d, 1994g, 1999b, 2001b).

Historical science is not worse, more restricted, or less capable of 
achieving fi rm conclusions because experiment, prediction, and 
subsumption under invariant laws of nature do not represent its 
usual working methods. The sciences of history use a different mode 
of explanation, rooted in the comparative and observational rich-
ness of our data. We cannot see a past event directly, but science is 
usually based on inference, not unvarnished observation (you don’t 
see electrons, gravity, or black holes either). (1989d, 279)

The fi rm requirement for all science . . . lies in secure testability, 
not direct observation. . . . History’s richness drives us to different 
methods of testing, but testability is our criterion as well. . . . We 
search for repeated pattern, shown by evidence so abundant and 
so diverse that no other coordinating interpretation could stand, 
even though any item, taken separately, would not provide conclu-
sive proof. (1989d, 282)
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The common epithet linking historical explanation with stamp 
collecting represents the classic arrogance of a fi eld [physics] that 
does not understand the historian’s attention to comparison among 
detailed particulars, all different. . . . The historical scientist focuses 
on detailed particulars . . . because their coordination and compar-
ison permits us, by consilience of induction, to explain the past with 
as much confi dence (if the evidence is good) as Luie Alvarez could 
ever muster for his asteroid by chemical measurement, . . . We shall 
never be able to appreciate the full range and meaning of science 
until we shatter the stereotype of ordering [different scientifi c 
fi elds] by status and understand the different forms of historical 
explanation as activities equal in merit to anything done by physics 
or chemistry. (1989d, 281)

The “lesser” status of historical science may be rejected on two 
grounds. First, it is not true that standard techniques of controlled 
experimentation, predictability, and repeatability cannot be applied 
to complex histories. . . . Nature . . . presents us with experiments 
aplenty, imperfectly controlled compared with the best laboratory 
standards, but having other virtues (temporal extent, for example) 
no t attainable with human designs. Second . . . [h]istory . . . is know-
able in principle . . . testable, and different. We do not attempt to 
predict the future. . . . But we can postdict about the past—and 
do so all the time in historical science’s most common use of 
repeatability. . . . Finally, history’s richness drives us to different 
methods of testing, but testing (via postdiction) is our method as well. 
[Following Darwin, we look for a “concilience of inductions”:] . . . 
types of evidence so numerous and so diverse that no other coor-
dinating interpretation could stand—even though any item, taken 
separately, could not provide conclusive proof—must be the crite-
rion for evolutionary inferrence. (1986a, 64–65)

This notion of the separate but equal status of historical science 
was put into practice in Steve’s very successful course on the history 
of life at Harvard, which he taught for more than twenty years (see 
1984g, and Ross, this volume).

Third, he was a tireless advocate for the importance of history 
itself as an essential element of the evolutionary process. History in 
his view was less the stately unfolding of a preordained or predict-
able course of events than a mostly unpredictable series of events 
that constrain (both positively and negatively) subsequent condi-
tions and potential. All evolutionary biologists are taught that 
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evolution is Markovian, with each step depending on the previous 
one, but Steve internalized and then promulgated this notion to 
an extraordinary degree. History was for him virtually a thing, a 
force, like gravity. “History matters,” he was fond of saying. By this he 
meant that history as sequence of events bestows on its products an 
inescapable (but largely unpredictable) legacy. It was this fl ow and 
power of history as a process that perhaps led him to focus more on 
how evolution works than on the specifi c organisms it produces (the 
“theory rather than the pageant” [2002c, 38]).

This interest in the importance of history in evolution was 
closely tied to Steve’s critique of adaptationism and to his emphasis 
on imperfection and exaptation as sources of raw material for 
“evolvability.” If natural selection was all-powerful, he argued, it 
would build whatever phenotype was required in an optimal way 
for local circumstances, and history would not matter. This, he 
held, was exactly what the extreme Darwinian selectionist position 
posited: “The most common denial of history made by self-styled 
Darwinian evolutionists resides in claims for optimality—conven-
tionally for the mechanics of morphology, more recently for 
behavior and ecology” (1986a, 66). His interest in history was also 
the explanation for his admiration of French paleontologist Louis 
Dollo (1857–1931), famous for “Dollo’s Law” of irreversibility in 
evolution. “Irreversibility” Steve said, was a profound “signature 
of history” (1993l, 92). He called Dollo one of his intellectual 
heroes, and maintained an active interest in his ideas throughout 
his career (e.g., 1970e, 1994e).

B. Ladders and bushes: The critique of progress

The “most fundamental question in palaeontology,” Steve said, is 
“does the history of life have an intrinsic direction (toward greater 
morphological complexity, increased diversity, etc.)?” (1976c, 
231; see also 1977b); that is, is there progress? It is hard to pick just 
one theme that Steve thought was more important than any other, 
but if one must choose, it would have to be the issue of progress 
in evolution. His view was unmistakable: “Progress is a noxious, 
culturally embedded, untestable, nonoperational, intractable idea 
that must be replaced if we wish to understand the patterns of 
history” (1988g, 319; see also 1996d).
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Steve’s critique of progress united many strands of his thought. 
The morphological stasis of PE implied a more limited role for 
conventional natural selection than the Modern Synthesis had 
suggested; combined with his interest in structuralism, as already 
discussed, this led to the critique of adaptationism (Gould and 
Lewontin 1979; 1979k), which implied that progress, in the 
sense of general improvement, was even less likely than Darwin 
thought. PE also implied that evolutionary trends are driven less 
by selection-driven anagenesis and more by sorting among species, 
leading to a view of evolution as more of a directionless “bush” 
than a unidirectional “ladder.” Progress, furthermore, was (and 
still is) a deeply held Western cultural value, a source of personal 
and national purpose, meaning, and comfort. As such, it was in 
the crosshairs of Steve’s intense distaste for any view that smacked 
of seeing in nature what makes us feel good: “ladders are cultur-
ally comforting fi ctions, and copious branching is the true stuff of 
evolution” (1993l, 67).

If the purely adaptationist vision were valid, we might gain the 
comfort of seeing ourselves, and all other creatures, as quintes-
sentially “right,” at least for our local environments of natural 
selection. But evolution is the science of history and its infl uence. 
We come to our local environments with the baggage of eons; 
we are not machines newly constructed for our current realities. 
(1993 l, 369)

The theme and phrasing of “ladders vs. bushes” were common 
in Steve’s writing. “Many of my essays,” he said, “stress this theme 
of mentally liberating bushes versus constraining ladders because 
I believe that no other misconception so skews public under-
standing of evolution” (2001m, 324). “Humans are not the end 
result of predictable evolutionary progress, but rather a fortu-
itous cosmic afterthought, a tiny little twig on the enormously 
arborescent bush of life, which, if replanted from seed, would 
almost surely not grow this twig again, or perhaps any twig with 
any property that we would care to call consciousness” (1995s; 
1995k, 327).

Progress is also a problem for analyses in the history of science, 
Steve argued, since it implies “whig” and “presentist” views of the 
past. “Models of inevitable progress,” he said, “whether for the 
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panorama of life or the history of ideas, are the enemy of sympa-
thetic understanding, for they excoriate the past merely for being 
old (and therefore both primitive and benighted)” (1993l, 186).

C. History and hierarchy

By his own account, Steve realized in 1972 that PE implied a hier-
archical view of evolution, but he and Eldredge didn’t quite know 
what to make of it. As they worked through the implications of 
PE and ran them out to their logical conclusions, hierarchy came 
to dominate both of their thinking (e.g., 1982f, 1982g; Eldredge 
1989, 1995, 1999). As was the case with so many other strands of 
his thought discussed here, Steve’s passion for hierarchy clearly 
had both empirical and theoretical roots. Stasis obviously implies 
it, but hierarchy also likely appealed to Steve theoretically because 
it was yet another way in which history could really substantively 
matter in evolution. If all evolution is reducible to natural selec-
tion acting on individuals to optimize them for their present envi-
ronment, then history is little more than a parade of perfection 
and strict reductive determinism. If, however, a variety of discrete 
processes act at different hierarchical levels (above and below the 
level of the individual), which are themselves produced by the 
historical sequences of evolutionary change, then history—and 
historical science—are essential elements of a full understanding 
of evolution. Hierarchy also appeared to offer the best oppor-
tunity for an independent macroevolutionary theory, based in 
paleontology, thereby fulfi lling the ambitions of those two young 
Columbia graduate students.

Steve also found particularly fertile fodder for uniting these 
disparate strands in looking below the level of the individual, at 
the meaning of the growing tide of information from molecular 
genetics (see Dorit, this volume):

The collapse of the doctrine of one gene for one protein, and one 
direction of causal fl ow from basic codes to elaborate totality, marks 
the failure of reductionism for the complex system that we call 
biology—and for two major reasons. First, the key ingredient for 
evolving greater complexity is not more genes, but more combina-
tions and interactions generated by fewer units of code—and many 
of these interactions (as emergent properties, to use the technical
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jargon) must be explained at the level of their appearance, for they 
cannot be predicted from the separate underlying parts alone. So 
organisms must be explained as organisms, and not as a summa-
tion of genes. Second, the unique contingencies of history, not 
the laws of physics, set many properties of complex biological 
systems. Our thirty thousand genes make up only one percent or 
so of our total genome. The rest . . . originated more as accidents of 
history than as predictable necessities of physical laws. Moreover, 
these noncoding regions, disrespectfully called “junk DNA,” also 
build a pool of potential for future use that, more than any other 
factor, may establish any lineage’s capacity for further evolutionary 
increase in complexity. (2001m, 227)

D. Replaying the tape: The role of contingency

Durant (2002, 391) commented that Steve’s fi rst bout with cancer 
(1982) was “surely enough to persuade anyone of the importance 
of contingency in life,” but Steve’s interest in contingency clearly 
goes back much farther. At some point early in his career, Steve 
relates that his “general love of history in the broadest sense 
spilled over into my empirical work as I began to explore the role 
of history’s greatest theoretical theme in my empirical work as 
well—contingency,” which he defi ned as “the tendency of complex 
systems with substantial stochastic components, and intricate 
nonlinear interactions among components, to be unpredictable 
in principle from full knowledge of antecedent conditions, but 
fully explainable after time’s actual unfoldings” (2002c, 47). Steve 
credited his graduate advisor Norman Newell’s interest in sudden 
and catastrophic causes of mass extinction during the 1960s with 
stimulating his enthusiasm for the unpredictable effects of abrupt 
change (1998f).

An extremely important contributor to Steve’s embrace of contin-
gency was certainly what he frequently called the “MBL studies” 
(because much of the work was done at the Marine Biological Lab 
at Woods Hole, Massachusetts; see also Bambach, this volume). 
In the early 1970s a group that included David Raup, Thomas 
Schopf, Daniel Simberloff, Jack Sepkoski, and Steve worked on 
trying to specify how ordered phyletic patterns, as Steve wrote, 
“heretofore confi dently attributed to selection for little reason 
beyond the visual appearance of order itself, could plausibly be 
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generated within purely random systems” (2002c, 27). These 
studies obviously affected Steve profoundly, leaving him “humbled 
by the insight that our brains seek pattern, while our cultures favor 
particular kinds of stories for explaining these patterns—thus 
imposing a powerful bias for ascribing conventional deterministic 
causes, particularly adaptationist scenarios in our Darwinian tradi-
tions, to patterns well within the range of expected outcomes in 
purely stochastic systems” (2002c, 43).

Contingency, said Steve, “embraces one of the deepest and 
grandest issues that we can fruitfully engage in science—the nature 
and status of history in comparison with the more conventional 
style of explanation by predictable and repeated occurrence under 
timeless and invariable laws of nature” (2001b, 195). It also became 
for him the epitome of the general effect of history on evolution. 
Around it he was eventually to integrate his critiques of progress, 
adaptationism, gradualism, predictability, and biological deter-
minism, as well as his interests in evo-devo, hierarchy, constraint, 
unpredictability, and the dashing of the fondest of conventional 
human hopes. He acknowledged that all evolutionists accepted 
some role for chance; the difference was (as he often said) in rela-
tive frequency: “I envision,” he said, “that almost every interesting 
event of life’s history falls into the realm of contingency” (1989d,
290). “[M]any aspects of even the broadest patterning of life’s 
history,” he maintained, such as “why and when do multicellular 
organisms arise, why and when do mammals eventually inherit the 
environments of large terrestrial vertebrates from dinosaurs—fall 
largely (or at least importantly) into the domain of contingent 
explanation” (2001b, 197). He could wax especially lyrical about 
this perspective: “Contingency is rich and fascinating; it embodies 
an exquisite tension between the power of individuals to modify 
history and the intelligible limits set by laws of nature. The details 
of individual and species’ lives are not mere frills, without power 
to shape the large-scale course of events, but particulars that can 
alter entire futures, profoundly and forever” (1993l, 77). “We tend 
to look at history,” he said in a 1988 interview:

as though it were a series of predictable optimal states, and that’s 
where most of our problems come from. The real message of history 
is that you have this kind of massive contingency where everything 
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that exists now is totally unpredictable. . . . I think that’s the most 
important lesson in history, and I think it would help us understand 
why we live in a world where a lot of things don’t make sense . . . that 
troubles us deeply, because our cultural biases lead us to think that 
things don’t make sense. Maybe if we understood how history really 
works, we would realize from these massive ill-fi ttings that a lot of 
things really don’t make sense. You don’t have to try to explain 
everything that’s troubling as though it really was good when it 
arose as a Darwinian adaptation. It’s an adaptationist assumption 
that if we do anything, it must have its evolutionary source in some-
thing that was once right or appropriate. But it doesn’t have to. 
(Batten 1988)

Contingency also became a focal point for the integration (by 
Steve and others) into paleontology one of the major events in 
late twentieth century geology—the increasing acceptance of 
nongradual, nonuniformitarian change (e.g., Kauffman 1987;
Albritton 1989; Ager 1993). Steve was both observer and partici-
pant in the growing development and popularity of these ideas 
(e.g., 1965b, 1967d, 1975t, 1984h); he both refl ected and helped 
to create the Zeitgeist. “This issue of uniformitarian vs. catastrophic 
change,” he wrote later, “stands as one of the grand questions of 
science, for the debate pervades so many disciplines and bears so 
strongly upon some of the most profound puzzles of our lives” such 
as the nature of causality and the nature of change (1995k, 164).
Although many developments contributed to this intellectual sea-
change, the single most important event was surely the Alvarez 
extraterrestrial impact theory for the end-Cretaceous extinction 
(Alvarez et al. 1980), and Steve was one of the fi rst paleontologists 
to embrace this idea (e.g., 1984c, 1984x, 1985c, 1985j, 1986a, 
1987x, 1989g).

It is diffi cult now to recall or understand what a boiling cauldron 
of scientifi c activity the early and mid-1980s were for much of pale-
ontology (see, e.g., Glen 1994). The Alvarez hypothesis was greeted 
with great skepticism by most of the paleontological community 
and was hotly debated, in print and at professional meetings. It 
stimulated a burst of empirical work on the Cretaceous-Tertiary 
as well as other mass extinction events. Right on its heels was the 
26 million year periodicity hypothesis (Raup and Sepkoski 1984),
which in turn generated more controversy and a huge array of 
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other hypotheses about possible extraterrestrial causes of mass 
extinction (see Raup 1986). The early 1980s was also of course 
the time when punctuated equilibrium and its implications were 
being debated—in the wake of the 1980 Chicago Macroevolution 
meeting, Stanley’s book on the same topic (1979), and Gould’s 
highly provocative papers (1980b, 1980c, 1982f, 1982g). It was in 
this context that Steve assembled what can only be referred to as 
his own grand synthesis—of punctuation, mass extinction, contin-
gency, and hierarchy.

The idea apparently began to develop in his mind at the 1983
annual meeting of the Geological Society of America meeting in 
Indianapolis, when he heard Adolph Seilacher present his “vendo-
biont” theory for the Ediacara fossils (Seilacher 1984, 1989). On 
November 9, just a few days after attending the meeting, Steve 
wrote an excited and revealing letter to Luis and Walter Alvarez, 
David Jablonski, David Raup, Seilacher, and Jack Sepkoski:

Dear Luis, Walter, Dave, Dave, Dolf, and Jack,
It all came together for me in Indianapolis, as this rather 

hastily written Natural History column (to appear next February 
[1984r]) will testify—and I want to thank all you gentlemen for 
the insights.

I used to think (long ago and with my strong internalist, 
Platonist, D’Arcy Thompsonian biases) that mass extinction was just 
a whiz-bang phenomenology with no lasting importance (besides 
delaying things for a while each time) for patterns in the history 
of life. Then, I think, I just ignored it for a while, since I was so 
caught up in punctuated equilibrium as an unorthodox theory for 
pattern in normal times. Now you have all helped me to realize 
that it truly is a separate process, and a cardinal shaping force for 
patterns in life’s history (Dave Raup, at least, will remember my old 
argument that “vectors” in life’s history (or their non-existence) 
has always been the fundamental question of paleontology.). And 
we do not have a general theory for it as yet. All this taken together 
must constitute the chief excitement of paleobiology for the near 
future at least. I have hardly begun to consider all the implications, 
but I do think that we fi nally have the basis to grope for a general 
theory of pattern by considering unorthodox processes both for 
normal times (if punctuated equilibrium has any lasting meaning 
it will be here) and for mass extinctions. Their interaction must be 
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the dominant generator of pattern. I’ll bet that most of microevolu-
tionary thought for Darwinian transformation of local populations 
won’t be outstandingly relevant. What do you think?

Sincerely,
[signed] Steve

The eventual result of this epiphany was “The paradox of the 
fi rst tier: An agenda for paleobiology” published in the tenth 
anniversary issue of Paleobiology (1985f ). This paper was, in my 
view, the most bold, coherent, logical, elegant, extreme, and over-
reaching technical paper Steve ever wrote.12 It pulled together 
a huge array of ideas and hypotheses, some well founded and 
others at the time only tenuous, into a single overarching hier-
archical view of evolution, from the ecology of natural selection 
in local populations, to the effects of periodic mass extinctions 
separated by tens to hundreds of million years. Closely behind 
this impressive hierarchical edifi ce came Steve’s provocative, 
controversial, and infl uential explication of the reinterpreta-
tion of the Burgess Shale (1985x, 1986q, 1989d, 1990q, 1991i, 
1992k, 1992m, 1993k), which claimed that contingency had 
played a, if not the, dominant role in sorting out the survivors of 
the Cambrian explosion from the less-fortunate “weird wonders” 
so beautifully preserved in this extraordinary fossil deposit. 
Altogether, this work solidified “a worldview that celebrates 
quick and unpredictable changes in a fossil record featuring 
lineages construed as largely independent historical entities.” 
Steve added tellingly that he found “such a world stunning and 
fascinating in its chaotic complexity and historical genesis;” he 
said he would “happily trade the comforts of the older view for 
the joys of contemplating and struggling with such multifarious 
intrigue” (1995k, 103).

Steve also frequently wrote about the role of contingency in intel-
lectual history, for example for typewriter keyboard arrangements 
(1987k) or scientifi c illustrations (1999x), and he noted approv-
ingly (2001b) the increasing interest in contingency as an impor-
tant factor among scholars of human history (e.g., McPherson 
1988). The recently successful “what if” volumes of popular history 
(e.g., Cowley 1999) similarly make use of a perspective sometimes 
called the “counterfactual” to explore the possibly large implica-
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tions of small events that might have happened differently in the 
past. Such arguments are not advocating total nondeterminism or 
“randomness” as causes of history; they are simply making the case 
that Steve made repeatedly: that unpredictable, unique, historical 
events, by their very nature, will exert a much stronger effect on 
the ultimate course of future history than most Western historians 
(and scientists) had previously acknowledged, and that historians 
(and paleontologists and evolutionary biologists) ignore such 
events at their peril.

E. The critique of determinism

In the minds of many biologists, Steve Gould was mostly seen, 
and is now mostly remembered, for his strident criticism of 
sociobiology, and its descendants evolutionary psychology 
and human evolutionary ecology (e.g., 1969c, 1974f, 1974s, 
1974t, 1976n, 1978g, 1978h, 1979v, 1980x, 1983e, 1983m, 
1984m, 1984w, 1994 j, 1995n; see also Kitcher, this volume). 
I am neither qualifi ed nor inclined to analyze the substantive 
details of either side of what was frequently a nasty debate. Here 
I wish only to point out that Steve’s critique of sociobiology was, 
like almost every other facet of his intellectual life, closely and 
logically connected to multiple other interests and themes. As 
I have already discussed, he clearly had personal political and 
social views that were at odds with those of some advocates of 
sociobiology, and the effects of this disagreement cannot be 
discounted. He also, however, disagreed with sociobiology’s 
focus on adaptative explanations for aspects of human behavior 
for the same reason he critiqued all such applications of “the 
adaptationist program”—because in his view they took too little 
account of the nonadaptive, historically contingent features of 
organisms that he thought were the crucial stuff of much evolu-
tionary change. He disagreed with the application of heredi-
tarian interpretations of discrete measures of human intelligence 
(such as IQ) for the same reason, because he thought that many 
features of organisms, including much of what we call human 
consciousness and intelligence are emergent characteristics of 
the highly complex human brain that evolution, probably mainly 
by natural selection, had built for other reasons.
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V. Ever since Steve: Assessing a legacy

Steve Gould thought and wrote more than most practicing scien-
tists about what controls the ultimate historical fates of a particular 
scientist’s intellectual legacy. In one of his own favorite essays, for 
example, he describes the career and afterlife of paleontologist 
Nathaniel Southgate Shaler, who in the late nineteenth century was 
“by far, Harvard’s most popular professor,” and who, thirty years 
after his death, “at the Harvard tercentenary of 1936 . . . was named 
twelfth among the fi fty people most important to the history of 
Harvard” (1988q; 1991a, 313). Yet today, he is virtually unknown. 
“Why has he faded,” Steve asks, “and what does his eclipse teach 
us about the power and permanence of human thought?” (1988q;
1991a, 318). Steve provided no unambiguous answer, except to 
note that, unlike Shaler, who more or less stuck to his mentor Louis 
Agassiz’s views of divine direction in the history of life, his friend 
and fellow Harvard professor William James—“one of America’s 
great gifts to the history of human thought”—“questioned Agassiz 
from day one . . . probed and wondered, reached and struggled 
every day of his life” (1988q; 1991a, 318–19). Steve’s clear impli-
cation is that iconoclasts will ultimately prevail.

As is true elsewhere in this essay, I cannot make a thorough 
analysis or a confi dent judgment. I will only note three aspects of 
analysis of the Gouldian legacy that future historians (and scien-
tists) might want to keep in mind.

Changes

As Stearns (2002, 2339) nicely puts it, Steve “deserves quite a bit 
more credit than his severest critics would grant (zero)” but less than 
Steve himself would award himself “(a great deal indeed).” It is a fact 
of the current state of evolutionary biology that Steve left a signifi -
cant legacy of substantively changed views. These changes (for which 
he can take at least partial credit) include at least the following:

(1) Stasis. Although it remains diffi cult to put a fi rm number on 
its frequency, it is clear that morphological stasis is widespread in 
the fossil record, at least in many groups of benthic marine macro-
invertebrates, and perhaps in many other groups as well, and may 
well be predominant in many clades under most circumstances. 
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This was not predicted by the Modern Synthesis and was almost 
wholly unknown or unappreciated prior to 1972. It is simply not, 
in my experience, true that, as Orr put it recently: “By the nineties, 
most evolutionary biologists had simply stopped paying attention 
to punctuated equilibrium. . . . Punctuated equilibrium was down, 
if not out” (2002a, 136). On the contrary, it has, at least in part, 
become integrated into the evolutionary canon (e.g., Price 1996,
367–74; Freeman and Herron 1998, 475–81; Futuyma 1998, 689–
94; Stearns and Hoekstra 2005, 433–34).

(2) Evo-devo. Ontogeny and Phylogeny was prescient and infl uential 
in its emphasis on the developmental basis for evolutionary change. 
Stearns (2002) notes that structuralism was largely lacking from the 
Modern Synthesis and says that Steve was correct to emphasize its 
importance. In doing so, says Stearns, Steve “did play an important 
role in preparing the anglophone community to receive the results 
[of molecular developmental genetics; “hoxology” as Steve called 
it], to know why they were important, and to place them in the 
context of historically signifi cant questions.” But, argues Stearns, 
the continental Europeans didn’t need any such preparation, and 
therefore, if Steve “had never existed, I suspect that the fi eld of 
evo-devo would have been in approximately the state today that 
it actually fi nds itself in,” although the history of evo-devo that we 
experienced was “more interesting and colorful . . . because of him 
even if we could have gotten there without him” (2002, 2343).

(3) The Softening of the Synthesis. Adaptation and natural selection 
are still at the core of modern evolutionary biology. As Orr recently 
begins a technical paper: “Evolutionary biologists are nearly unani-
mous in thinking that adaptation by natural selection explains most 
phenotypic evolution within species as well as most morphological, 
physiological, and behavioral differences between species” (2002b, 
1317). It is also, however, widely (if not always loudly) acknowledged 
that a substantially greater diversity of views about evolutionary 
processes is acceptable today compared to a generation ago, and this 
is in part clearly due to Steve’s infl uence. Orr himself acknowledges 
that “Gould’s attacks on adaptationism may have been extreme, but 
fanciful Just So stories are now, thankfully, rarer” (Orr 2002a, 138). 
Similarly, as Stearns (2002) eloquently puts it:
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[t]he complacency and rigidity of evolutionary biology in the 
1960s were real. The consistency of evolutionary phenomena with 
population genetics was incorrectly extended to a general belief 
that population genetics was suffi cient to account for evolution. 
This gave population genetics a privileged position as the stan-
dard against which evolutionary thought should be measured, 
and it created an atmosphere in which important evolutionary 
phenomena not directly tied to genetic mechanisms were often 
defi ned away or ignored, to the great frustration of those interested 
in them. . . . Steve’s greatest contribution was his effectiveness in shat-
tering the complacency of the fi eld and broadening the range of 
respected discourse. . . . He was a real leader in opening our minds 
to important things that had been missed, and he did our fi eld a 
great service in reminding the public that there is more to biology 
than molecular biology and that there are interesting unanswered 
problems whose solutions will not require DNA sequences. (Stearns 
2002, 2345)

Species selection

While the abundant evidence for stasis provides ample empirical 
confi rmation of at least a core of PE, the continuing paucity of 
evidence for species selection, after more than a quarter century 
of searching, appears to me to be a serious problem, one that 
Steve did not adequately acknowledge and in fact in Structure
rhetorically obfuscates. (I do not intend to discuss the details 
of species selection here, but only to comment on the style of 
Steve’s  argument.) The logic of species sorting as a result of PE 
is clear, as is the meaning of emergent characters (and/or emer-
gent fi tness; see 2001c, 658–59). Yet, as Steve says, “accepting 
a common logic but challenging the empirical importance of 
legitimate phenomena [is] a good substrate for productive debate 
in science” (2001c, 646). As several commentators (e.g., Erwin 
2004) and Steve himself have noted, species selection simply 
does not have many empirical examples. Steve, however, thought 
that this argument is “unfair,” and noted (correctly) that “a few 
excellent (and elegant) cases have been well documented, so 
this process cannot rank as a distant plausibility waiting for an 
improbable verifi cation, as some critics have charged” (2001c, 
709). The fact, he argues, that “well-documented cases of species 
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selection do not permeate the literature” is because “[w]e have 
barely begun to acknowledge (much less to defi ne or operation-
alize) this process, and we have still not entirely agreed upon the 
criteria for recognition” (2001c, 710).

Perhaps this is true, but in fact there are by my count exactly three
well-documented and widely accepted examples of species selec-
tion, and all are more than twenty years old (Vrba 1980; Hansen 
1980, 1982; Jablonski 1987). Many other hierarchy-imbued 
Gould students have been out there working with our respec-
tive empirical baliwicks and have yet to identify even additional 
possible examples. It is true that we did not (until Structure) have 
an explicit cookbook of criteria for searching for such examples, 
and this may have had some dampening effect, but I (as a fairly 
sympathetic observer) still fi nd the paucity of evidence to be at 
least strongly suggestive evidence of paucity.

What is most interesting in my present context is how Steve 
treats this situation in his lengthy discussion of species selection 
in Structure. Ironically, he gives us a roadmap for analyzing such a 
situation in his own critique of Dawkins’s gene selection: “When 
the logic of an argument requires that the empirical world operate 
in a certain manner, and nature then refuses to cooperate, unwav-
ering supporters often try to maintain their advocacy by employing 
the tactic of conjectural ‘as if,’ ” or ceteris paribus (2001c, 628).
This is exactly what Steve does for species selection, relying on a 
highly detailed (and, as far as I am concerned, completely reason-
able) theoretic analysis of the logic of higher order selection to say 
that it simply should be out there. When it comes to discussing the 
empirical record, however, he frankly stretches our credulity when 
he uses rhetoric more suitable for a much larger dataset: “our best 
examples of species selection,” he says, “work through differential 
rates of speciation rather than varying propensities for extinction” 
(2002c, 649–50), making it sound like there are enough to really 
make such a distinction. Similarly, in referring to the widely cited 
example of different larval strategies in Cenozoic volutid gastro-
pods (Hansen 1980, 1982), Steve calls it “a classic example, much 
discussed in the literature,” when in fact it is arguably no more 
than the best of a tiny number of examples.

It is a further irony that he makes these rhetorical special pleas, 
because elsewhere he made just the reverse argument when 
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discussing the occurrence of directional trends in the fossil record. 
A “case or two in the fossil record does not establish a pattern,” he 
says. “Directional trends produced by wedging do occur, but they 
scarcely cry for recognition from every quarry and hillslope. The 
overwhelming majority of paleontological trends tell no obvious story 
of conquest in competition” (1993l, 304). Similarly, Steve wrote that 
we must “treasure our exceptions . . . But we must also be aware that 
single cases are fragile, and that sturdy facts are pervasive patterns in 
nature, not individual peculiarities. Most ‘classic stories’ in science 
are wrong” (1981u, 384). If we were to apply the same logic to species 
selection it would not come out looking good. My own view in the 
end is perhaps most similar to that of Flannery: “While I suspect that 
the concept of species selection is destined not to survive, at least in 
its present form, this is such a strongly contested fi eld of biology that 
I would certainly not lay money—even at short odds—against Steve’s 
eventual triumph” (2002, 53).

Stimulation

Even for many areas in which Steve’s substantive conclusions have not 
stood up well in light of subsequent data or theory, many evolutionary 
biologists acknowledge that his ideas were enormously productive 
in stimulating research. Steve frequently argued that it was OK to 
be wrong for the right reason or right for the wrong reasons (e.g., 
1996p; 1998x, 155; 1997m; 1998x, 323). He noted that errors could 
be useful “prods” to clarifi cation and discovery, and quoted with 
approval the economist Vilfredo Pareto who said: “Give me a fruitful 
error any time, full of seeds, bursting with its own corrections. You can 
keep your sterile truth for yourself ” (2002c, 614). (My own favorite 
version of the same view—which I once again learned as an under-
graduate but came to appreciate only under Steve’s infl uence—is 
from Mexican muralist Jose Clemente Orozco and is inscribed on the 
wall of Dartmouth’s Baker Library: “Errors and exaggerations do not 
matter. What matters is boldness in thinking . . . in having the temerity 
to proclaim what one believes to be true without fear of the conse-
quences. If one were to await the possession of the absolute truth, one 
must be either a fool or a mute.”)

Other commentators have praised Steve for the fertility (if not 
the correctness) of his views:
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There’s no question he’s been one of the most infl uential and 
visible paleontologists, and indeed evolutionary biologists, in the 
last 50 years . . . Steve has provided an overarching vision and this 
astonishing ability to move among disciplines and integrate these 
ideas into producing a coherent picture. (David Jablonski, quoted 
in Monastersky 2002, A17)

Most researchers . . . recognize that the concept [PE] has been 
invaluable in encouraging paleontologists to examine the fossil 
record with a rigor and attention to detail that previously was largely 
lacking. (Flannery 2002, 52)

Key parts of punctuated equilibrium may be wrong, but pale-
ontological data are, largely due to Steve, richer than ever. Species 
selection may not make sudden sense of the fossil record, but a 
reinvigorated paleontology sits at evolutionary biology’s high table. 
(Orr 2002a, 138)

I think the Modern Synthetic dogma is wrong. Steve did play 
some role in making us question the dogma. (H. Allen Orr, quoted 
in Monastersky 2002, A18)

VI. An End of a Beginning of an Appreciation and Farewell

In these days of seeking “balance” between “work and life” or 
“career and family,” I just as often hear that many people will-
ingly choose one over the other. Those who choose work some-
times say that it is what feeds them and makes them feel alive. 
Those who choose to devote more time to family sometimes say 
that their accomplishment and investment are in a secure and 
fulfilling marriage, and/or successful, healthy children. The 
academic equivalent of this balancing exercise is the struggle in 
which most faculty engage, to both advise students and pursue 
their own work. It was not until I had graduate students of my 
own that I came to appreciate the “great asymmetry” (cf. Gould 
1998a) of this struggle: a student will (usually) have only one 
major doctoral advisor during their career, while one advisor will 
(usually) have many doctoral students during theirs. The signifi -
cance and attention given by the advisor to the student is therefore 
almost always less than that given by the student to the advisor. 
Analogies between advisor-student and parent-child are, I realize, 
tenuous and probably dangerous as well. Yet I cannot help but 
refl ect that, during a career that spanned less than forty years, 
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Steve Gould accomplished more scholarly productivity than most 
people could do in four lifetimes, and at the same time “raised” 
and sent out into the world at least thirty doctoral students, the 
majority of whom are still academically active and productive 
today. He did not choose; he found balance; he did it all.

In an interview not long before his death, Steve Gould was asked 
about his long-term wishes for Structure (2002c). He replied that 
“the biggest hope that any author would have if he put so much 
of a lifetime into something of this size is that it would be seen as 
a way station in the development of evolutionary theory that was 
useful and helped to focus things. Directed some energy. Got some 
things right, formulated something in a comprehensive and useful 
way” (Monastersky 2002, A17). Despite its fl aws, Structure certainly 
does all of this. More important, Steve’s career output does all 
this and much more. Thus, if we are to judge an academician’s 
life’s works as both the knowledge increased and the intellectual 
offspring produced, Steve Gould will share the legacy he predicted 
for one of his own heroes, Lavoisier: “His works, of course, will 
live—and he needs no more” (1998s; 2000k, 113).
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Diversity in the Fossil Record and 

Stephen Jay Gould’s Evolving View 

of the History of Life

Richard K. Bambach

I. Introduction

Steve Gould was the most publicly visible paleontologist of the 
last third of the twentieth century. A brilliant intellect coupled 
with his forceful and aggressive writing style, iconoclastic views, 
and passionate advocacy for paleontology as a discipline made 
Steve exceptionally infl uential at a time when paleontology was 
changing from “the handmaiden to stratigraphy” into its modern 
status as “paleobiology.”

The development of Steve’s career essentially paralleled the 
sequence of levels in his mature view of evolutionary theory. In 
early years Steve studied microevolutionary issues relating to form, 
development, and adaptation in species. He then moved on to 
focus on macroevolutionary issues such as speciation, trends, and 
patterns of diversity within clades. Finally, he dealt with the holistic 
aspects of disparity and contingency in the history of life, culmi-
nating in his synthesis of the structure of evolutionary theory.

Steve was interested in ideas, not the details of description. 
Although he was associated with the initial development of meth-
odologies for analyzing data on diversity, he focused on what the 
patterns might mean, not what they actually were or what might 
explain specifi c events of diversity change. For him, the  importance 
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of diversity change was to demonstrate that macroevolution was 
independent from microevolution—and that distinction was the 
basis for his conviction that there is a hierarchical structure to 
evolutionary theory.

Steve Gould’s initial research program on morphology and the 
ontogeny of morphology culminated in his great book Ontogeny 
and Phylogeny, published in 1977. However, Steve shifted away from 
concentrating on species interactions with the environment, the 
main topic of his publications from 1969 and 1970, as he came to 
view punctuated equilibrium as the main pattern of evolutionary 
change (1972e, 1977c). From the mid-1970s through the early 
1980s his work stressed the implications of evolutionary pattern 
for evolutionary theory. He often emphasized the macroevolu-
tionary relationship of phylogeny and clade diversity—the level at 
which species sorting related to punctuated equilibrium resided 
and where rigorous analyses using rule-based modeling gave the 
hope of understanding patterns in the history of life. Hierarchy 
became the major theme of his mature view of evolutionary theory 
as he developed his concept of the third tier of diversity change 
(the effect of mass extinctions in knocking apart the accumulated 
achievements at lower tiers). Impressed in his later career with the 
“paradox of the fi rst tier” (1985 f), Steve argued forcefully that 
progress did not characterize evolution, that the history of life was 
contingent, not predictable, and that most major events of evolu-
tionary interest had been concentrated early in the history of life. 
His late works create the impression that to him the origins of 
anatomical disparity in the Cambrian explosion and the origins of 
metabolisms in the prokaryotes even further back in time were 
the items of fundamental importance—the diversifi cation of life 
in the Phanerozoic was just contingent events and the expansion 
of variance (1996d).

Throughout his career, Steve did observational (“lab bench”) 
science, too. But, oddly, here his primary focus was on Bermudan 
and Caribbean land snails, a minor element of the history of 
life. Snails only a few tens of thousands of years old were never 
going to make the headlines given to dinosaurs, hominid fossils, 
or the earliest records of microbial life. But Steve was faithful to 
Poecilozonites and Cerion (the latter even as a vanity license plate), 
not because they were intrinsically important or central to the 
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profession of paleontology, but because he found them fruitful 
exemplars for his more general interests. Cerion appears in a dozen 
titles among his own papers cited in his summary opus The Structure 
of Evolutionary Theory. Those papers range in date over a quarter of 
a century, from 1971 to 1997.

In this chapter I examine the statements Steve made related to 
diversity and topics that impinge on diversity. Tracing Steve’s use 
of examples of diversity change and the way he cited diversity lets 
us see the shifts in perspective that marked different phases of 
his work. Appropriate short quotes reveal Steve’s thinking in his 
own words and let us see the evolution of his ideas. In what is to 
follow we also see glimpses of how his rhetoric called attention to 
his goals. He was always suggesting agendas for us—and arguing 
in an almost political sense that one needed to reject tradition 
and adopt new perspectives to gain deeper understanding. That 
aggressive approach made him controversial. It attracted atten-
tion and got his ideas widely debated but weakened his appeal, 
even though many of his viewpoints have now grown to be 
accepted practice.

II. 1969–1972: “Prehistory”—the origins of 
major intellectual themes touching on diversity

Steve Gould’s studies of Poecilozonites (1969i, 1969 j) reveal his 
initial steps toward two of the major intellectual highlights in 
his career: punctuated equilibrium and the potential for paleon-
tology to be a “nomothetic” (rule-based) discipline. Although the 
empirical pattern of punctuated equilibrium is of only peripheral 
interest for the study of diversity, branching of lineages (“more 
making” in Niles Eldredge’s terminology [1995, 181]), central to 
the concept of punctuated equilibrium, is a necessity for increasing 
taxonomic diversity. Steve’s evolutionary interests and his use of 
multivariate quantitative analytical techniques also led to his asso-
ciation with Dave Raup, Tom Schopf, and Dan Simberloff (nick-
named the MBL group because they began meeting together at 
the Marine Biology Laboratory at Woods Hole). Their collabora-
tive work produced the papers of Steve’s that are most relevant to 
diversity analysis. And from that work his view of paleontology as a 
potentially “rule-based” discipline emerged.
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An evolutionary microcosm (1969i)
The monograph titled “An evolutionary microcosm: Pleistocene 
and Recent history of the land snail P. (Poecilozonites) in Bermuda” 
(Gould 1969g) was developed from his dissertation work, but with 
considerable additional data. It is worth considering at length 
because it is the foundation of much of Steve’s career and contains 
the seeds of many ideas Steve developed more fully in succeeding 
years.

In the introduction he argued, as he often did in later years, 
that extrapolation could not extend without limit, and, there-
fore, was not the correct way to explain things at different scales: 
“I doubt that principles derived from studies of living popula-
tions carried out in the course of a man’s lifetime can provide 
a completely satisfactory model for processes occurring during 
the millennia that elapse in the history of nearly every signifi cant 
phylogenetic event.” (1969g, 410). Note that here he left the door 
open to “gradualistic” phenomena. In fact, despite considerable 
later varied debate engendered by confusion about changes in 
rate of evolution associated with speciation (2002c, 796–98 and 
972–1024, especially 1010–14), the punctuations in punctuated 
equilibrium were always those observed on geological time scales 
and not different than rates in ecological time well known to biolo-
gists. In his 1969 monograph he also observed that the unique 
data of paleontology, as it follows the history of life through time, 
could contribute to refi ning evolutionary theory: “An incorpora-
tion of insights gained from the study of vast time spans might 
increase the generality of evolutionary theory in much the same 
way that a consideration of high velocities modifi ed Newtonian 
physics” (1969g, 410).

The pattern of stasis of form in a lineage, with most morpho-
logical change occurring at the time of branching in cladogenesis 
(speciation), was not discussed as a generality in the Poeciolozonites
monograph, but both stasis and punctuation were described in 
the work. For one example, P. nelsoni, Steve observed that, instead 
of a “zigzag evolution” of morphology shifting as carbonate dunes 
and red soils moved back and forth at particular localities, two 
subspecies—one adapted to dune environments and the other to 
red soil conditions—migrated with their environments as the envi-
ronments shifted, each maintaining its genetic and morphologic 
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character: “even if an occasional local population survives in the 
“alien” environment, it will not alter in form to identity with the 
usual subspecies of that environment, but will retain enough of its 
features to be recognizable. . . . such local populations have twice 
been found in Bermuda” (1969g, 469). In a second example, the 
P. bermudensis zonatus stock, two subspecies that maintained distinct 
morphology over a 300,000-year interval (even while adjusting 
somewhat to changing climate fl uctuations) also produced four 
incipient speciation events, one in one lineage, three in the other. 
Relative stasis for both subspecies lineages plus the four branching 
events are described and illustrated (1969g, fi gs. 20, 21, 22). The 
P. bermudensis zonatus story differed from the traditional interpreta-
tion: “the proposition that two taxa, one a paedomorphic deriva-
tive of the other . . . is the simplest phyletic interpretation . . . I found 
a more complex story, involving an unusually literal interpretation 
of paleontological data. Each of the four discontinuous occur-
rences represents an independent episode of paedomorphosis” 
(1969g, 473).

Steve did not emphasize the rapidity of evolution of the paedo-
mophs; no argument was made that these incipient speciation 
events were “punctuations.” However, the occurrence of four 
branching events in just one portion of the Pleistocene, each of 
which produced a demonstrably different morphology than the 
persisting parental lineage, set the stage for Steve’s later views 
of rapid morphological change at branching events. Steve also 
made a particularly important point by demonstrating that the 
four branching events had occurred as allopatric events: “as 
would be expected under current notions of geographic specia-
tion, the origin of a paedomorphic offshoot invariably occurs at 
the periphery of the known range of its parental form” (1969g,
478), and he cited chapter 16 of Ernst Mayr’s Animal Species and 
Evolution (Mayr 1963) as the source for the idea of speciation in 
peripheral isolates. Then Steve presented data that indicated each 
paedomorph had fi rst appeared in a restricted peripheral locale 
and concluded, “since the four paedomorphic offshoots occupy 
geographic subdivisions of the species range and differ genetically 
from the parental stock, separate taxonomic status is warranted” 
(1969g, 479). In this example of iterative evolution Steve had 
documented both stasis and allopatric evolutionary change, 
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features that Niles Eldredge would emphasize in his pioneering 
1971 paper in Evolution and Eldredge and Gould (1972e) would 
generalize as punctuated equilibrium.

Steve observed that phyletic change (anagenesis) also had 
occurred within the two relatively stable subspecies in the 
Poecilozonites bermudensis zonatus stock, and he commented that: 
“illustrated here are the two major evolutionary events of phylogeny: 
speciation or the multiplication of lineages and phyletic evolution 
or the transformation of lineages” (1969g, 469–70).

Despite his later reputation as opposing “the adaptationist 
programme,” Steve claimed here that the phyletic changes he 
found in the P. bermudensis zonatus stock were adaptive, as he also 
suggested for the paedomorphic branching events in the stock, and 
he even used ecological argument as one reason why he felt these 
events differed from the pattern of stasis he had observed in the 
P. nelsoni stock. For P. nelsoni the “apparent temporal fl uctuations 
in morphology were interpreted as artifacts of an imperfect record. 
Two subspecies lived side by side . . . and their alternating superpo-
sition in a single section refl ects the migration of their preferred 
environments” (1969g, 487). The two forms were two persistent 
lineages, each adapted to the setting in which their fossils were 
found and not zigzag variants of one form, because their differ-
ences “are large and numerous (involving color—usually consid-
ered a better indicator of taxonomic distinction than form—as 
well as shape)” (1969g, 487). For the P. b. zonatus stock, however, 
the two persistent geographic subspecies could be distinguished 
throughout the stratigraphic sequence, despite the within-lineage 
(phyletic) changes each displayed as the environment changed. 
He illustrated this in four fi gures, two showing form persistence 
(1969g, fi gs. 21, 22) and two showing change within each subspe-
cies (1969g, fi gs. 23, 24). There were no changes in shape or 
differences in color, just in size and shell thickness. The changes 
in the P. b. zonatus stock through time were, in fact, zigzag shifts 
in single lineages because the “differences in P. b. zonatus are few 
and small, involving only those features which adapt the snail to 
its new environment (. . .) and only those magnitudes small enough 
to be encompassed by the phenotypic plasticity of a subspecies” 
(1969g, 488). He concluded that, “the major temporal variations 
of morphology in the P. b. zonatus stock are adaptive in nature” 
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(1969g, 491). For the branching events he had also concluded 
that, “paedomorphosis served as one pathway to the attainment 
of a thinner shell, which would have been adaptive in the limited 
calcium environment of red soils” (1969g, 482–83), the only 
setting in which the paedomorphs appeared. Because the charac-
teristics of size and shell thickness found in red soil environmental 
settings in Bermuda had developed in several different ways, Gould 
recognized that they were benefi cial in that  environment.

Although it seems curious to see adaptive change so strongly 
advocated in a Steve paper, given his later reputation for ques-
tioning the universality of adaptation (1979k), Steve never denied 
that selection to develop utility occurred. In fact, he wrote some 
of his best-known essays, such as “The Panda’s Thumb” (1978q),
on the topic. To be sure, he took pains to point out morphology 
that was not adaptive (e.g., 1974d, 1984x), and he later argued 
that the term “adaptation” should be restricted only to features 
evolved de novo for their current function (with the term “exap-
tation” being used for structures co-opted from a prior use (or 
non-use) to serve a new and different function) (1982e), but he 
never denied selection-driven change, only that utility should be 
demonstrated before adaptive claims are made.

In the conclusions of the Poecilozonites monograph, Steve noted 
the problems extrapolation can cause and the potential of careful 
phylogenetic analysis in paleontology. “In more general terms, 
micro-evolutionary studies focus on the production of diversity in 
response to isolation and environmental differences. The extrapo-
lation of these emphases leads to a ‘species divergence model,’ 
which views the evolution of higher taxa as a simple extension 
of microcosmic processes of speciation—i.e., the higher taxon is 
viewed as a larger branch on the traditional tree, the boughs and 
branches of which continually diverge. This extrapolation does 
not give suffi cient emphasis to the massive parallelism and trends 
toward increased mechanical effi ciency that proceed in a relatively 
constant physical environment. These are major determinants 
of patterns in transspecifi c evolution but have little relevance 
to phenomena of infraspecifi c variation” (1969g, 497). While 
a bit peculiar for Steve in some respects (we catch Steve stating 
there are “trends toward increased mechanical effi ciency”!), this 
statement is an early expression of Steve’s career-long advocacy 
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of a hierarchical nature to evolutionary theory. It is also a distant 
source for his future thinking about the nature of trends and the 
distinction between disparity and diversity, ideas that dominate his 
later work.

On careful analysis of phylogeny, Steve says, “paleontology, 
when it deals with the documentation of phylogeny, operates 
in the realm of history. . . . But history becomes scientifi c when 
inductive generalizations are derived from series of events by the 
extraction of repetitive aspects from their integral uniqueness. By 
establishing a role for induction in history, repetitive occurrence 
leads to the formulation of laws: this is the major contribution 
of parallelism, convergence, and iteration to the explanation of 
evolutionary events—for explanation involves subsumption of 
observed conditions under general laws” (1969g, 497). Here Steve 
begins to present his argument that paleontology can be a nomo-
thetic (rule-based) discipline, although this early statement differs 
from the emphasis on contingency that characterizes his work in 
the 1990s.

A unique venture into paleoecology (1969h)

The only paper of Steve Gould’s that I would categorize as purely 
paleoecological is his 1969 paper in the Proceedings of the North 
American Paleontological Convention. At the convention it was 
presented in a symposium on the evolution of communities, a 
particularly hot topic at that time. It deals with the associations of 
microgastropod species in Bermuda that were present in the same 
suite of collections that Steve used in his Poecilozonites monograph. 
As with the Poecilozonites monograph, little relates to taxonomic 
diversity over time. But just as the Poecilozonites study revealed the 
origins of many concepts that characterize Steve’s career, the North 
American Paleontological Convention paper is where the impor-
tance of analytical paleontology, the backbone of most serious 
work on the analysis of diversity over time, is made explicit.

The paper deals with the multivariate analyses used to group 48
samples of microgastropods into four major associations and iden-
tifi es the ecological signifi cance of the assemblages as they related 
to changing environmental conditions during the Pleistocene in 
Bermuda. Although analytical techniques in paleontology had 
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been actively discussed for over a decade by John Imbrie, David 
Raup, Ralph Gordon Johnson and others, the combination of 
cluster analysis, discriminant function analysis, and factor analysis 
in Steve’s paper was new to community analysis in paleontology. 
In discovering that four associations typifi ed particular combina-
tions of environmental conditions, Steve pointed out that the work 
“required a factor analytic assist to fathom the more arcane asso-
ciations. Both the composition of Q-mode eigenvectors and the 
clustering of species in R-mode analysis suggest that four biologi-
cally-important assemblages be recognized among the 12 micro-
gastropod species” (1969h, 494). This language was novel for the 
descriptive paleoecology of the time.

The most interesting aspect of the paper today is Steve’s 
expressed hope for such methodology. It is a manifesto for analyt-
ical paleontology and what Steve would eventually call a nomo-
thetic evolutionary discipline: “I would only say that I see in these 
methods the promise that we can found a science of paleoecology. 
If science, in order to be called such, must explain according to 
general principles, then most of what has passed under the name 
of paleoecology—the correlation of organic form with sedi-
ment type and the descriptive reconstruction of paleoenviron-
ments—is not ecology. Ecology is preeminently the causal study of 
organic systems in all their complexity and interaction. Until we 
can detect repeatable patterns amidst this complexity and relate 
them to general statements, we have little more than a descriptive 
account of some awesome phenomena” (1969h, 493). Aside from 
the oddity of seeing Steve focusing on paleoecology rather than 
evolution, his advocacy for developing theory (general statements) 
applicable to paleontology still calls us to our duty.

Punctuated equilibrium (1972e)

Unquestionably the best known paper in Steve Gould’s oeuvre is, 
“Punctuated Equilibria: An Alternative to Phyletic Gradualism,” 
written in collaboration with Niles Eldredge (1972e). Punctuated 
equilibrium (called “equilibria” in the papers co-authored by Niles 
and Steve, but termed “equilibrium” in all of Gould’s later papers) 
and its pervasive infl uence in evolutionary thinking is the subject 
of many studies. I don’t have the space, or assigned responsibility, 
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to discuss this theme (see chapters by Geary and Lieberman, this 
volume), but, as with the earlier works already cited, some aspects 
are fundamental in connecting Steve’s particular interests to topics 
related to diversity.

The paper is a true collaboration. Niles Eldredge and Steve 
Gould had become acquainted in the mid 1960s, while Steve 
was a graduate student and Niles an undergraduate at Columbia 
University. Eldredge’s 1971 paper in Evolution pointing out that 
gradual evolutionary change in fossil lineages is seldom seen and 
suggesting allopatric speciation as the reason for the common 
sudden appearance of new species in the fossil record is an obvious 
precursor to Eldredge and Gould 1972. Niles was the fi rst to gener-
alize about both stasis and sudden appearances. He was, however, 
already familiar with the conclusions of Steve’s Poecilozonites work, 
which had documented both stasis in the face of environmental 
change and allopatric branching of lineages, and he cites it in 
the Evolution paper. Niles’ own trilobite data, however, provided 
a second example, suggesting the potential of generality not 
claimed in Steve’s snail study. Steve gave Niles principal credit for 
realizing allopatric speciation implied sharp breaks: “eventually 
we (primarily Niles) recognized that the standard theory of specia-
tion—Mayr’s allopatric or peripatric scheme (1954, 1963)—would 
not, in fact, yield insensibly graded fossil sequences when extrapo-
lated into geological time, but would produce just what we see: 
geologically unresolvable appearance followed by stasis” (1989e,
118). Steve had made his set of initial observations; Niles saw 
the potential for generalization because he independently had a 
nearly parallel set of observations, but on a different scale, and 
the two collaborated in true collegial fashion on the punctuated 
equilibrium paper because each had come to the same interacting 
conclusions in their individual studies. The paper was prepared for 
the pioneering symposium volume, Models in Paleontology, edited 
by Tom Schopf, a book that serves as a founding document for the 
trend toward analytical paleontology and paleobiological interpre-
tation that has characterized paleontology from the 1970s onward 
(see Allmon, this volume).

The point that theory pervades everything scientists do so 
that no work can be purely “objective” was a favorite of Steve’s. 
Concerning the idea of inducing theory from data, Eldredge and 
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Gould note, “the inductivist view forces us into a vicious circle. 
A theory often compels us to see the world in its light and support. 
Yet, we think we see objectively and therefore interpret each new 
datum as an independent confi rmation of our theory. Although 
our theory may be wrong, we cannot confute it. To extract ourselves 
from this dilemma, we must bring in a more adequate theory; it 
will not arise from facts collected in the old way” (1972e, 86). In 
the particular context of the paper on punctuated equilibrium, 
they use this idea to argue that “gradualistic” views of species trans-
formation, coupled to the failure to differentiate between phyletic 
(within lineage) and branching patterns of evolutionary change, 
have held back paleontology: “The issue is central to the study of 
speciation in paleontology. We believe that an inadequate picture 
has been guiding our thoughts on speciation for 100 years. We 
hold that its infl uence has been all the more tenacious because 
paleontologists, in claiming that they see objectively, have not 
recognized its guiding sway. We contend that a notion developed 
elsewhere, the theory of allopatric speciation, supplies a more satis-
factory picture for the ordering of paleontological data” (1972e,
86). They also connected branching, a necessary consequence of 
allopatric speciation, to the topic of diversity: “new species can 
arise in only two ways: by the transformation of an entire popu-
lation from one state to another (phyletic evolution) or by the 
splitting of a lineage (speciation). The second process must occur: 
otherwise there could be no increase in numbers of taxa and life 
would cease as lineages became extinct” (1972e, 87).

They illustrate their ideas with their own studies of Poecilozonites
(Gould 1969g) and phacopid trilobites from the Devonian in 
eastern North America (Eldredge 1971, 1972) and conclude, “our 
two examples, so widely separated in scale, age, and subject, have 
much in common as exemplars of allopatric processes. . . . Both are 
characterized by rapid evolutionary events punctuating a history of 
stasis. These are among the expected consequences if most fossil 
species arose by allopatric speciation in small, peripherally isolated 
populations. This alternative picture merely represents the appli-
cation to the fossil record of the dominant theory of speciation in 
modern evolutionary thought. We believe that the consequences 
of this theory are more nearly demonstrated than those of phyletic 
gradualism by the fossil record of the vast majority of Metazoa” 
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(1972e, 108). They also argued that, “the theory of allopatric 
speciation implies that a lineage’s history includes long periods of 
morphologic stability, punctuated here and there by rapid events 
of speciation in isolated subpopulations” (1972e, 109–10).

In this initial paper Eldredge and Gould were remarkably 
politic in their advocacy of punctuated equilibrium in contrast 
to phyletic gradualism: “The idea of punctuated equilibria is just 
as much a preconceived picture as that of phyletic gradualism. 
We readily admit our bias towards it and urge readers, in the 
ensuing discussion, to remember that our interpretations are as 
colored by our preconceptions as are the claims of champions of 
phyletic gradualism by theirs” (1972e, 98). Curiously, although 
they cited some other examples besides their own, Eldredge and 
Gould did not cite the major paleontological support for their 
view: standard biostratigrapic practice. Correlation in paleon-
tology has always depended on zones, because the morphology of 
most species remains suffi ciently constant that their occurrences 
over time cannot be subdivided into a succession of fi ner scale 
temporal intervals. From the inception of the concept of the stage 
by d’Orbigny in 1842 and the zone by Oppel in the 1850s, fi ne 
scale stratigraphic subdivision has always been by intervals or units, 
not by continuous gradation. If gradualism over longer intervals 
had been common, paleontologists would have been able to follow 
temporal change as a continuum, rather than as a sequence of 
zonal intervals. I have always felt this established the generality of 
the punctuated pattern beyond doubt.

The germ of what would become a major theme late in Steve’s 
career, disparity contrasted to diversity, also lurks in the observa-
tion contrasting gradualistic extrapolation with punctuated change 
made late in the punctuated equilibrium paper: “The presence 
of 21 classes [of echinoderms] by the Ordovician, coupled with 
their presumed monophyletic descent, requires extrapolation to 
a common ancestor uncomfortably far back in the Precambrian 
if Ordovician diversity is the apex of a gradual unfolding. . . . We 
expect that successively higher ranks of the taxonomic hierarchy 
will contain more and more taxa: a class with one genus is anoma-
lous and we are led either to desperate hopes for synonomy or, 
once again, to our old assumption—that we possess a fragmentary 
record of a truly diverse group. . . . With the picture of punctuated 
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equilibria, however, classes of small membership are welcome and 
echinoderm evolution becomes more intriguing than bother-
some. Since speciation is rapid and episodic, repeated splitting 
during short intervals is likely when opportunities for full specia-
tion following isolation are good” (1972e, 110).

Eldredge and Gould also discussed the possibilities of “differen-
tial success of species exhibiting morphological change in a partic-
ular direction” as a way to produce apparent trends, another topic 
that would later be important to Steve. This method of making 
trends relates to diversity, because diversity change within clades 
is another aspect of differential success of species. Differential 
success of species leading to trends would be named species selec-
tion by Stanley (1975).

III. 1973–1980: Focus on nomothetic paleontology

In the mid to late 1970s Steve Gould was at the heart of the shifting 
emphasis in paleontology that is best summarized by the growth in 
the use of the term “paleobiology” as a synonym for paleontology. 
The pattern described as punctuated equilibrium was widely 
studied, because it could be directly tested with data from the fossil 
record. Following the “Models in Paleobiology” symposium held 
at the Geological Society of America meeting in the fall of 1971,
David Raup, Tom Schopf, Steve Gould, and Dan Simberloff—all 
of whom became major fi gures—met together several times at the 
Marine Biology Laboratory at Woods Hole, Massachusetts (hence, 
the MBL group name). They produced a series of papers that are 
among those most relevant in all of Steve’s output to the topic of 
diversity. Their use of computer modeling made testing hypoth-
eses against null models a common practice, and Steve capitalized 
on their work to advocate that paleontology develop a nomothetic, 
as well as idiographic, base. He featured diversity patterns as exam-
ples demonstrating his general concept.

Stochastic models (Raup et al. 1973 [Gould 1973j])
The fi rst paper authored by the MBL group (Raup et al. 1973)
was Steve’s fi rst explicit “nomothetic” paper. Steve showed his 
penchant for the gaudy turn of phrase in the subject heading used 
for the introduction, “Prospectus,” as well as in the application of 
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the term “nomothetic” to the work: “This is the fi rst in a projected 
series of papers that might bear the general title ‘nomothetic pale-
ontology.’ ‘Nomothetic’ is a term used by psychologists, historians, 
and philosophers to designate an approach to historical science 
favoring the study of ‘cases and events as universals, with a view 
to formulating general laws.’ The conventional approach, on the 
other hand, is termed ‘idiographic’: ‘the study of cases or events as 
individual units, with a view to understanding each one separately’ 
(Random House Dictionary)” (Raup et al. 1973, 526).

This fi rst project by the MBL group used a computer model of 
phylogeny with just a few basic parameters: “In summary, the input 
constants required by the program are (1) initial probability of 
extinction, (2) initial probability of branching, (3) equilibrium 
diversity, (4) the damping constant governing variation in diver-
sity, and (5) the minimum size of a clade” (Raup et al. 1973, 532).
The phylogenetic histories of clades were related to their patterns 
of diversity change through time: originations adding diversity, 
extinctions cutting diversity back. Computer simulations were 
run using various probabilities of origination and extinction. The 
resulting diversity patterns were viewed as clade histories, and the 
results of the simulation were compared to the patterns of real 
clades of reptiles: “The results of the program and the comparison 
with reptiles demonstrate that an exceedingly simple stochastic 
model can produce branching and diversity patterns very like those 
described in the real world” (Raup et al. 1973, 539). However, 
about half the reptilian clades and lineages had been affected by 
the end-Cretaceous extinction, and the authors noted that, “given 
the probabilities used in the simulation, it is extremely unlikely 
that such a coincidence of extinctions [among clades] would 
occur” (Raup et al. 1973, 538). Thus, this work showed that it was 
possible to achieve somewhat realistic results with rather simple 
modeling and also to differentiate unusual events from otherwise 
stochastic patterns.

Towards a nomothetic paleontology (Raup and Gould 1974
[Gould 1974i])
Raup and Gould produced a follow-up paper examining the 
evolution of morphology, a favorite subject of Steve’s (1974i). 
“Nomothetic” now made it into the title (“Stochastic Simulation and 
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Evolution of Morphology—Towards a Nomothetic Paleontology”), 
and Jack Sepkoski made his fi rst appearance in the paleontological 
literature in the acknowledgements (“We are especially grateful to 
J. J. Sepkoski for taking the time to write COLINK (for comparing 
phenetic and cladistic phylogenies) and for general comments 
and criticisms” [1974i, 322]). Jack was fi nishing graduate study 
at Harvard and preparing to join the faculty with Raup at the 
University of Rochester.

The project modeled the evolution of morphology, with lineages 
in randomly generated clades evolving in the style of punctu-
ated equilibrium. Ten hypothetical characters were permitted 
to change only at branch points, and new character states only 
appeared in the new branches. The frequency distribution of 
various combinations of character states could be determined, 
and the pathway of character changes leading to any new char-
acter could be traced. Interestingly, each “clade” had a character-
istic range of morphology, even though the process of generating 
clades and altered characters was random, not selection driven. 
Each character had its own “history,” and the paths leading to 
some new character states looked like selection generated trends, 
even though they were all random walks. This is characteristic of 
a Markovian system because morphology could shift only one step 
at a time, and change always shifted from a morphology already 
present; transitions could not be from or to any morphology. 
This result impressed Raup and Gould with the power of random 
processes to produce apparent order: “Our demonstration that 
random processes can produce most of the patterns generally 
associated with directional causes constitutes a challenge to the 
formalist position. . . . Adaptation is better demonstrated by studies 
of the mechanics of form in relation to environment than by 
evidences of directional change through time. . . . The fact that 
examples of steadily changing characters do not occur with much 
higher frequency in the fossil record than in the computer simula-
tions suggests that, over long stretches of time, undirected selec-
tion may be the rule rather than the exception in nature” (1974i,
321). This result, along with Steve’s studies of allometry, clearly lie 
behind his motivation for participation with Richard Lewontin fi ve 
years later in the “Spandrels of San Marco” paper (1979k), their 
classic critique of the adaptationist programme.
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Paleobiology Volume 1, Issue 1 (Schopf et al. 1975
[Gould 1975c])

The MBL group had a paper in the fi rst issue of Paleobiology (and 
Steve was involved in two other items in that issue as well [1975b,d], 
one of which began on page one). The result of the MBL study 
(Schopf et al. 1975) suggested that rates of evolution (and, conse-
quently, rates of diversity change) as seen in the fossil record might 
be correlated with morphological complexity rather than rates of 
genetic change: “In both the real world and the computer simula-
tion, the bias of differential morphologic complexity may account 
for the observation that ‘only complicated animals evolve.’ Most 
paleontologic studies of the ‘rate of evolution’ may tell us more 
about morphologic complexity than about evolutionary rates of 
genomes” (Schopf et al. 1975, 63). That supposition still needs 
to be investigated further. Much of Steve’s work over the years set 
agendas for us, and we haven’t fi nished with them yet.

Real and random clades (Gould et al. 1977a)
Steve was the senior author on the last MBL group paper (1977a),
the most relevant of the series to the analysis of diversity patterns. 
Five parameters for “clade shape,” the shapes of spindle diagrams 
of the diversity history of clades best known from the spindle 
diagrams of family diversity within classes published by Sepkoski 
(1981, fi g. 1), are defi ned: (1) size—the sum of the number 
of taxa in each time interval during which a clade existed, (2)
duration—the number of time intervals during which a clade 
existed, (3) maximum diversity—the largest number of member 
taxa in a clade at any time, (4) center of gravity—the temporal 
point that divides the history of a clade into two equal size portions 
based on cumulative diversity (the temporal point at which half the 
total size of the clade has been achieved), and (5) uniformity—a 
measure of the stability of diversity in a clade through time, calcu-
lated as the proportion of the area of a rectangle circumscribed 
about the space occupied by the clade spindle form. The distribu-
tion of those parameters in real and randomly generated clades 
was analyzed. Stochastic simulated clades were generated using 
the simulation program developed fi rst in Raup et al. (1973). 
Because the number of originations and extinctions must be equal 
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for an extinct clade, the probabilities of branching and extinc-
tion of lineages in the simulations were set to be equal and the 
simulations were run at a wide range of probability values. For 
comparison, the clade shapes for “real” clades were determined 
for 144 sets of orders within classes, 206 sets of families within 
orders, and 1442 sets of genera within families, using data from a 
variety of literature sources.

The stochastic simulations illustrated how clade shape varied as 
probability of branching and extinction varied from low to high. 
Longer durations (but generally lower maximum diversities) were 
associated with low probabilities; shorter durations (but generally 
higher maximum diversities) were associated with higher probabil-
ities of branching and extinction. This parallels the later observa-
tion of Norman Gilinsky (1994) that decreased volatility of diversity 
dynamics characterizes longer-lived still living taxa compared to 
shorter-lived extinct taxa. This led Gilinsky to conclude that large-
scale “taxon sorting” is responsible for the general decrease in total 
extinction rate observed through the Phanerozoic. Also, because 
the increased volatility at higher probabilities of branching and 
extinction increases the likelihood of rapid truncation of clades 
(and also decreases average uniformity), average center of gravity 
increased from just under to just over half way through the history 
of simulated clades as probability of extinction (and branching) 
were increased in the simulations.

Gould et al. (1977a) found that scaling of simulated clades 
and real clades were suffi ciently different that direct compar-
ison was diffi cult for dimensional values, such as size. However, 
it was possible to compare extinct with living clades for both 
real and simulated sets of clades (“living” determined for the 
simulations by clades not yet terminated [“extinct”] at the end 
of the computer runs). “How different, then, is the real world 
from the stochastic system? How, in other words, is the real 
world ‘taxonbound’ and ‘timebound’—i.e., in need of specifi c, 
causal explanations involving uniquenesses of time and taxon 
at various stages of earth history. The answer would seem to be 
‘not very’—the outstanding feature of real and random clades is 
their basic similarity” (1977a, 32). Although living clades were 
generally larger than extinct clades, Gould et al. noted that, for 
their average stochastic products, “the resulting differences in 
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size between A [alive] and E [extinct] clades fully match their 
discrepancy between real A and E clades” (Gould et al. 1977a, 
35). Uniformity was complex to evaluate, but Gould et al. 
decided that, “for both amphibians and mammals, low values of 
UNI [uniformity] are probably a result of real, biological inter-
action with other groups of vertebrates. The real world may be, 
in this respect, ‘timebounded.’ Some times really are ‘good’ for 
certain groups (in these cases because a successful competitor 
had either not yet evolved, or recently become extinct)” (1977a, 
37). They also suggested an explanation for a consistent differ-
ence in center of gravity between early-originating and later-orig-
inating clades observed in both simulations and real examples: 
“Moreover, we have already noted . . . that mean CG [center of 
gravity] for simulated clades originating in this early pre-equi-
librial phase is less than 0.5, while equilibrial clades never fall 
below 0.5. The explanation for Cambro-Ordovician inverte-
brates and Paleocene mammals must be the same: origination 
rates exceeded extinction rates as the world fi lled up. Our DE 
[damped-equilibrium] model seems to simulate the real world 
and we can understand its behavior thereby” (1977a, 39). Steve 
would return to this particular data in a more complex analysis 
in 1987 (Gould et al. 1987b).

Stanley et al. (1981) demonstrated that the scaling used in the 
MBL program (1973j, 1977a) was actually not realistic in that 
the fl uctuations of diversity in the stochastic simulations by the 
MBL group could not be replicated when rates were scaled to 
represent species origination and extinction at realistic standing 
species diversities. However, the parameters of clade shape 
developed in Gould et al. (1977a) remain useful for evaluating 
the diversity histories of clades at higher taxonomic levels. For 
example, Gilinsky and Bambach (1986) found most clades are 
not signifi cantly different in overall diversity history from the 
mean of many randomly generated clades with the same range 
of diversity dynamics (a conclusion corroborated analytically by 
Gilinsky and Good 1989). However, for most real clades, the 
center of gravity of the clade occurs somewhat earlier in time 
than the bootstrap simulated mean for that clade. Also, the 
real maximum diversity generally slightly exceeds the bootstrap 
simulated mean for each clade. The root cause of this general 
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tendency for a small excess of diversity in the earlier part of 
clade histories is probably the asymmetry between origination 
and extinction demonstrated by Gilinsky and Bambach (1987), 
with high origination concentrated early in clade history. This 
provides the change in origination compared to extinction that 
Stanley et al. (1981) argue should occur to produce observed 
clade dynamics.

Punctuated equilibrium revisited: (1977c)

In the second issue of the third volume of Paleobiology, Steve was 
back with Niles Eldredge for an expanded review of the concept of 
punctuated equilibrium. Much of the last ten pages of the paper 
(about one-third of the text) discussed large-scale aspects of “punc-
eq” that apply to diversity issues and general theoretical consider-
ations. This includes their acceptance of Stanley’s suggestion of 
“species selection” (Stanley 1975), on which Gould and Eldredge 
base some of their expanded theoretical arguments.

Since diversity patterns are the patterns of the deployment of 
species (or higher taxa) in geological time, the central issue that 
links punctuated equilibrium with aspects of diversity is summed 
up in the statement that, “punctuated equilibria is a model for 
discontinuous tempos of change at one biological level only: the 
process of speciation and the deployment of species in geological 
time” (1977c, 145). For example, Gould and Eldredge claim that 
because morphologic change occurs predominantly in branching 
events (speciation), trends are produced by differential success 
among species, i.e., increased diversifi cation of species in one 
direction versus others, as they had noted in Eldredge and Gould 
(1972e). However, they expand the theoretical issue to include 
the patterns of success of clades, using diversity as an indicator 
of success: “Consider successful clades that are both diverse and 
long-lived. . . . But just as life history parameters of maturation 
time and reproductive effort have been used to explain “success” 
in ecological time, so must the macroevolutionary analog of 
speciation rate be included in our study of successful clades” 
(1977c, 143). Aspects that would increase diversity (“increaser 
clades”), such as consistently high speciation rate and “preemp-
tion of adaptive zone by abundant speciation,” or features that 
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would permit a clade to maintain diversity because of resistance 
to extinction (“survivor clades”), such as large populations, large 
environmental range, or “triumph over other species in direct 
competition,” are described and they identify all as “strategies 
for success” (1977c, 144). They conclude, “we believe that the 
need to translate micro to macroevolution through the level of 
speciation guarantees that paleobiology shall not be a derivative 
fi eld, but shall provide essential theory to any complete science 
of evolution” (1977c, 145). In this last statement we see the great 
ambition Steve always held for paleontology, which he was instru-
mental in bringing to fruition. Steve revisited the topic of trends 
regularly in his future work and the differentiation of levels of 
evolution (micro, macroevolution) led to his developing interest 
in hierarchy in evolutionary theory.

Eternal metaphors (1977b)

Steve’s expanding focus on large-scale concepts is exemplifi ed by 
one of his most interesting general reviews, “Eternal Metaphors of 
Palaeontology” (1977b): “In this paper, I wish to propose that (1)
the basic questions palaeontologists have asked about the history 
of life are three in number; (2) the formulation of these questions 
preceded evolutionary thought and found no resolution within 
the Darwinian paradigm; (3) the major contemporary issues in 
palaeobiology represent the latest reclothing of these ancient 
questions” (1977b, 1). The three questions Gould posited are, 
“(1) Does the history of life have defi nite directions; does time 
have an arrow specifi ed by some vectorial property of the organic 
world (increasing complexity of structure, or numbers of species, 
e. g.). . . . (2) What is the motor of organic change? More specifi -
cally, how are life and the earth related? Does the external environ-
ment and its alterations set the course of change, or does change 
arise from some independent and internal dynamic within organ-
isms themselves? . . . (3) What is the tempo of organic change? 
Does it proceed gradually in a continuous and stately fashion, or 
is it episodic?” (1977b, 1–3). Diversity plays a part in each of these 
three questions. It is explicit in number one, the causes of diver-
sity change are the subjects of question two, and rates of diversity 
change are considered under question three.
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Steve then developed a “taxonomy” of viewpoints paleontolo-
gists hold on these issues, using a bifurcating sequence of catego-
ries (steady state vs. directional, environmentalist vs. internalist, 
punctuational vs. gradualist). Thus he could contrast antithetical 
positions, his favorite method of argument. Finally, he reviewed 
pre- and post-evolutionary views of the fi eld in a very illuminating 
fashion. When he arrived at “contemporary palaeobiology” he 
noted he “will not analyze my contemporaries in detail; still, two 
recent examples should exemplify my contention” (1977b, 17).
The two examples were Jim Valentine’s studies on diversity changes 
and their possible association with plate tectonic movements as 
discussed in his 1973 book—Gould even used Valentine’s family 
diversity curve as an illustration (1977b, fi g. 3)—and the 1973
MBL group study of modeling phylogeny and diversity (Raup 
et al. 1973), plus several papers that considered various aspects 
of that study. Steve presented diversity studies to illustrate both 
directional and steady-state attitudes about the eternal metaphors 
among current workers.

In the concluding section of the paper Steve set up several 
contrasting views of rate and scale in evolution and said, “I believe 
that the concept of independent levels provides a resolution” 
(1977b, 22). He then noted: “Sewell Wright (1967, 120) proposed 
a profound analogy: just as mutations are random with respect to 
the direction of selection in ecological time, so might speciation 
itself be random with respect to the direction of trends in evolu-
tionary time” (1977b, 22). He used this statement to reframe 
his now well-established view of the importance of speciation in 
generating trends (“trends represent the differential success of 
subsets from a random spectrum of speciations” [1977b, 22]). 
After discussing species selection and naming Wright’s rule (“If 
a key aspect of the phenomenon must have a name, I would 
prefer ‘Wright’s rule of differential success,’ or—of [sic] this be 
judged too cumbersome—just ‘Wright’s rule’ ” [1977b, 24]), he 
concluded, “in any case, Stanley (1975) correctly argues that 
Wright’s rule ‘decouples’ micro-evolution from macro-evolution, 
thus affi rming the independence of palaeontology as an evolu-
tionary subdiscipline. . . . There can scarcely be a more important 
task for palaeontolgists than defi ning the ways in which macro-
evolution depends upon processes not observed in  ecological 
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time” (1977b, 24). Steve’s hierarchical view of evolutionary theory 
was taking concrete form, and his ambition for paleontology was 
again boldly stated.

A nomothetic, evolutionary discipline (1980b)

The mature statement of Steve’s dream of paleobiology as a “rule-
based” discipline came in 1980 with his paper, “The promise of 
paleobiology as a nomothetic evolutionary discipline” (1980b). 
Here he proclaims his view that paleontology has important things 
to say about evolution and that it should have high scientifi c status 
on its own merits. The brief for the value of paleontology is not 
concealed; early on Steve admits, “this paper is not a review article; 
it is a partisan statement” (1980b, 96). He makes his most impas-
sioned claim for the value of paleontology stating, “a general theory 
of paleontology can only emerge from its status as guardian of the 
record for vast times and effects. If every evolutionary principle 
can be seen in a Drosophila bottle or in the small and immediate 
adjustment of local populations in the Biston betularia model, then 
paleontology may have nothing to offer biology beyond exciting 
documentation. But if evolution works on a hierarchy of levels (as 
it does), and if emerging theories of macroevolution have an inde-
pendent status within evolutionary theory (as they do), then pale-
ontology may become an equal partner among the evolutionary 
disciplines” (1980b, 98). As we have seen already, diversity was 
central to his view of macroevolution as a fi eld of its own. Gould 
also emphasizes that paleontology has begun to adopt a valuable 
theory and testing methodology, “Simpson’s style of science has 
fi nally taken root in paleontology. Models in Paleobiology (Schopf 
1972) was purposely constructed as an exemplifi cation of it. This 
journal [Paleobiology] is its conscious embodiment” (1980b, 99).

Steve argues that to be fully effective paleontology must continue 
to respect its rich data base and wonderful idiographic material, 
even as it develops theory: “The asymmetry of fact and theory 
dictates that science without the second may be dull; but without 
the fi rst, it is garbage. Facts needn’t cover all areas like a seamless 
blanket, but their general absence guarantees sterility” (1980b, 
100). However, as always, he is concerned about purely inductivist 
attitudes: “Much paleobiological work continues in the “empirical 
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law” tradition—it accumulates cases in the hope that some useful 
generality will emerge. I strongly suspect that such work, although 
intrinsically valuable for its elucidation of cases, will furnish no new 
or expansive generalities” (1980b, 101). He cites three examples: 
community reconstruction, mechanistic functional morphology, 
and biostatistics, noting that each is unproductive when used 
simply to corroborate pattern already known from the Recent. 
“Yet each of these three areas has also generated fruitful models 
and hypotheses,” he concludes, when scholars have followed C. S. 
Peirce’s idea of “abduction”—“literally by the creative grabbing 
and amalgamation of disparate concepts into bold ideas that could 
be formulated for testing” (1980b, 102).

Diversity becomes important in the later parts of the paper. In 
preparation for this paper, Steve informally polled twenty colleagues 
to discover what developments in the discipline paleontologists 
considered successful or disappointing over the previous twenty 
years (“since the Darwinian centennial in 1959” [1980b, 108]).
The only topic to be mentioned by more than three-fourths of 
those polled (sixteen of twenty responses) was stochastic modeling 
of diversity. “Studies of the tempo and mode of evolution based 
upon hypotheses of punctuated equilibrium and species selec-
tion” came in second at thirteen responses and no other topic 
received more than eleven citations. Stochastic modeling of diver-
sity received a “split vote” on the successful/disappointing scale 
with eight positive and eight negative responses. Steve noted, “no 
other subject engendered more passion, garnered more votes, or 
elicited more varied description—from revolutionary theory to 
arm-waving based on imperfect Treatise data. . . . Any subject that 
arouses such interest must be doing something right, even if later 
judgment rejects its conclusions” (1980b, 112). Almost a quarter 
of a century later the testing of observed versus sample-standard-
ized data on diversity is still an active fi eld (Alroy et al. 2001; Bush 
et al. 2004; Powell and Kowalewski 2002; Bush and Bambach 
2004).

The degree to which Steve built his entire career around his 
interest in evolutionary theory was revealed to me during Steve’s 
survey. We had a friendly debate about my responses one afternoon 
when I was visiting him in Cambridge. Functional morphology 
(one of the top twelve topics, appearing on nine ballots, six 
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positive, three negative) was a topic I favored and Steve felt was 
unimportant. I persisted in my advocacy and Steve eventually 
erupted with an impassioned, “But Dick, it doesn’t tell us anything 
about evolution!” Evolution was always and always his focus. This 
sidelight, coupled to his discussion of community reconstruction 
and mechanistic analyses of functional morphology as examples 
of areas that “will furnish no new or expansive generalities” (at 
least as he felt they were studied at the time), also demonstrates 
the shift in Steve’s scope in the decade since he had said, “I see in 
these methods the promise that we can found a science of paleo-
ecology.” His interest in paleoecology had evaporated (see also 
Allmon et al., this volume), but the goal, fi rst advocated in his 
1970 paper, of using rigorous analytical methods to develop paleo-
biology as a discipline that would “explain according to general 
principles,” was now the main theme of his 1980 vision of paleobi-
ology as a “nomothetic, evolutionary discipline.”

In concluding the paper, Steve drew on his experience with 
stochastic modeling of diversity and on several examples of diver-
sity studies by others to supply background for the discussion of 
the potential of paleontology as a nomothetic discipline. The 
examples are of the time, but Steve’s statements about the goal of 
achieving a nomothetic discipline still form a credo for our fi eld:

Science is nomothetic insofar as its descriptions include particulars 
of given times and individual objects only as boundary conditions, 
not as intrinsic referents in the laws themselves. . . . Since our tradi-
tional focus has been so idiographic, the nomothetic aspects of pale-
ontology are now in greater need of attention—not because they 
are more important, but because they have been neglected. . . . The 
traditional view admits intrinsic historicity of events and applies 
nomothetic principles to abstracted aspects. The radical view asks 
if there might not be a sense—at an appropriate scale of analysis—
in which the events themselves are essentially nomothetic in char-
acter. That is, might a biological object be treated without reference 
either to its taxon or to the time in which it lived. Might species 
be like the molecules of classic gas laws. . . . Random models should 
be viewed as an appropriate tool for paleontologists of all persua-
sions. First of all, they provide the fi rst explicit set of null hypoth-
eses for assessment of legitimate uniqueness. Since random systems 
generate a large amount of apparent order, we need to defi ne the 
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bounds of pattern that random systems produce. More ordered 
patterns or lower degrees of order occurring too often must, with 
respect to the model that generated a null hypothesis, be regarded 
as nonrandom. (1980b, 113–4)

Steve concludes that, “paleontology is not a pure historical 
science; it resides in the middle of a continuum stretching from 
idiographic to nomothetic disciplines. It possesses a body of idio-
graphic data virtually unparalleled in interest and importance 
among the sciences—for it is, after all, the history of life. . . . The 
foundations for a nomothetic paleontology have been set—and 
there is so much more to do” (1980b, 116).

While at the crest of his enthusiasm for seeing his profession, 
paleontology, become a nomothetic science, Steve also wrote The
Mismeasure of Man (1981l) his most important book on a non-
evolutionary subject. Steve Gould, despite the wide range of his 
talents and interests, was a consistent, focused person. He regu-
larly used the intellectual advances he found in his professional 
work to illuminate his views on nonpaleontological topics. Just as 
Steve argued that scientists are always theory-laden, something one 
must be aware of to conduct proper analysis within paleontology, 
he argued that it was the same for socially related topics. Dealing 
correctly with quantitative analysis and using appropriate models 
to do proper scientifi c investigation are central to Steve’s view of 
nomothetic paleontology and of evolutionary theory. He felt the 
same should hold for evaluating people. Steve laid out his purpose 
for The Mismeasure of Man clearly: “this book discusses, in histor-
ical perspective, a principal theme within biological determinism: 
the claim that worth can be assigned to individuals and groups 
by measuring intelligence as a single quantity. . . . This book seeks to 
demonstrate both the scientifi c weaknesses and political contexts 
of determinist arguments” (1981l, 20–21). He saw the value of 
proper scientifi c consideration of social issues in the following 
light: “Science cannot escape its curious dialectic. Embedded in 
surrounding culture, it can, nonetheless, be a powerful agent for 
questioning and even overturning the assumptions that nurture 
it. Science can provide information to reduce the ratio of data to 
social importance. Scientists can struggle to identify the cultural 
assumptions of their trade and to ask how answers might be 
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formulated under different assertions. Scientists can propose 
creative theories that force startled colleagues to confront unques-
tioned procedures” (1981l, 23). While I do not claim that Steve’s 
developing image of the nomothetic possibilities for paleontology 
was his motivation for looking at a diffi cult social issue with analyt-
ical rigor, his approach clearly followed from the idea that correct 
understanding, a prerequisite for successful science, was a valid 
model for looking at any basic question.

IV. 1980–1986: Hierarchical structure 
of evolutionary phenomena

The phases of Steve Gould’s evolving intellectual focus do not have 
sharp “punctuated” boundaries. The seeds of each phase are gener-
ally detectable in earlier work. The interval from 1980 to 1986, a 
time of nearly continuous transition in Steve’s thinking, starts with 
the nearly seamless shift of back-to-back papers in Paleobiology: the 
“nomothetic” paper (1980b) summarizes Steve’s decade of atten-
tion to analytic methodology and “Is a new and general theory of 
evolution emerging?” (1980c) serves as the “bell-ringer” for his 
developing emphasis on the hierarchical nature of evolutionary 
phenomena that characterizes his work in the early 1980s. Steve’s 
growing interest in the importance of mass extinctions, starting 
with his own look at one aspect of the Permian extinction (1980j),
and stimulated greatly over the next few years by new discoveries 
across the profession, led to his formulation of a three-tiered hier-
archy of evolutionary phenomena. The outcome of this transitional 
phase was his commitment to write The Structure of Evolutionary 
Theory (2002c), a project that lasted for twenty years.

Is a new and general theory of evolution emerging? (1980c)
Steve chose the issue of excessive extrapolation as a springboard 
for reconsidering evolutionary theory: “I think I can see what is 
breaking down in evolutionary theory—the strict construction 
of the modern synthesis with its belief in pervasive adaptation, 
gradualism, and extrapolation by smooth continuity from causes 
of change in local populations to major trends and transitions in 
the history of life” (1980c, 128). In several places, such as the 
concluding section of his “eternal metaphors” paper (1977b), 
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Steve had written about the hierarchical aspect that microevolu-
tion, including the direct action of natural selection, and macro-
evolution, embodied in speciation and large-scale patterns such 
as trends, bring to evolution. Hierarchy, however, now became 
central, as he took on the idea of a new view of evolutionary theory. 
Although Steve felt that in moving beyond simple microevolu-
tion as exemplifi ed by Darwinian natural selection he did “not 
know what will take its place as a unifi ed theory,” he was willing to 
opine that, “the new theory will be rooted in a hierarchical view of 
nature” (1980c, 128–29). Over the next fi ve years Steve’s sense of 
what should be incorporated in evolutionary theory clarifi ed as he 
began work on The Structure of Evolutionary Theory (2002c).

Ships passing in the night (1980j)

Diversity patterns fi gure prominently in Gould and Calloway’s 
comparison of evolutionary dynamics in bivalves and brachio-
pods. The authors examine the question of competitive replace-
ment and conclude that the rise to dominance of bivalves did not 
cause the decline of brachiopods: “The supposed replacement of 
brachiopods by clams is not gradual and sequential. It is a product 
of one event: the Permian extinction (which affected brachio-
pods profoundly and clams relatively little). When Paleozoic and 
post-Paleozoic times are plotted separately, numbers of clam and 
brachiopod genera are positively correlated in each phase. Each 
group pursues its characteristic and different history in each 
phase—clams increasing, brachiopods holding their own. The 
Permian extinction simply reset the initial diversities” (1980j, 383). 
They also emphasized the value of the nomothetic approach: “We 
are, nonetheless, intrigued that this pattern emerges in a simple 
analysis of residuals from an idealized curve based on data of the 
broadest kind. The corroboration of traditional knowledge by such 
nomothetic techniques should not be viewed with scorn as a sign 
that conventional procedures are all we need in paleontology but 
as an indication that the basic data of numerical diversity, for all 
their admitted inadequacy and inconsistency, probably do capture 
major patterns in the history of life” (1980j, 389).

Mass extinction became a centerpiece in Steve’s evolving hier-
archical view of evolutionary theory, and the nature of hierarchy 
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led to a warning against the simplicity of extrapolation in hier-
archical systems: “The evolutionary ideas that most paleontolo-
gists employ are extensions by simple extrapolation, to vast times 
and large groups, of processes that operate in local populations 
over a few generations. But our tendency for uncritical extrapo-
lation is bound often to lead us astray, unless reductionism is a 
valid approach and evolutionary processes display no hierarchical 
structure (with different styles of explanation emerging at higher 
levels)” (1980j, 393–94). The authors also emphasized the impor-
tance of hierarchy for the role of paleontology in developing 
evolutionary theory: “In framing their thoughts about macro-
evolution, paleontologists should consciously explore the ways 
in which uncritical extrapolationism limit and channel thought. 
Evolution works on a hierarchy of levels, and some causes at 
higher levels are ‘emergent.’ These causes must be sought in 
phenomena—like speciation—that cannot be rendered as an 
extrapolation of sequential changes in gene frequencies within 
local populations. The claim that paleontology can have an inde-
pendent theory (within a unifi ed system of evolutionary thought) 
is not mere sectarian politics on our part, but a refl ection of a 
world arranged as a hierarchy of levels, not entirely as a smooth 
continuum” (1980j, 395).

Validating a hierarchical approach to macroevolution (1982f )

Punctuated equilibrium was a touchstone for much of Steve’s 
thinking about the difference between microevolution and macro-
evolution. In a paper targeted for the neontological community 
he used it to illustrate his developing ideas about trends: “Under 
the alternate geometry of punctuated equilibrium . . . there is no 
phyletic component to direct a trend; species arise (in geolog-
ical time) with their differences established at the start, and 
do not change substantially thereafter. Trends must therefore 
be the product of a higher-order sorting that operates via the 
differential birth and death of species considered as entities (the 
same role that individual organisms, which do not change evolu-
tionarily during their life, play in microevolution). This higher 
order sorting of species, produced by differential origin and 
extinction . . . must direct evolutionary trends within clades just as 
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natural selection, acting by differential birth and death of bodies, 
directs evolutionary change within populations (microevolution)” 
(1982f, 92). From this conclusion he advocates the independence 
of macro- and microevolution: “The key issue for the indepen-
dence of macroevolution is not whether species selection oper-
ates in all trends (it does not), but whether the necessity, under 
punctuated equilibrium, of regarding trends as a higher-level 
sorting of species implies a new level in a hierarchy of evolutionary 
explanation. . . . It is in this sense that punctuated equilibrium is 
crucial to the independence of macroevolution—for it embodies 
the claim that species are legitimate individuals, and therefore 
capable of displaying irreducible properties” (1982f, 94). The 
importance of hierarchy in his emerging view of evolutionary 
theory follows: “The need for hierarchy in evolutionary theory 
is a contingent fact of the empirical world, not a mere issue of 
semantics or methodological styles. . . . The issue is larger than the 
independence of macroevolution. It is not just macroevolution vs. 
microevolution, but the question of whether evolutionary theory 
itself must be reformulated as a hierarchical structure with several 
levels—of which macroevolution is but one—bound together by 
extensive feedback to be sure, but each with a legitimate indepen-
dence” (1982f, 97).

Diversity issues do not play a major role in this early statement 
of the central form of The Structure of Evolutionary Theory (2002c),
except that in Steve’s view trends are produced by differential 
diversification. For the first time Steve emphasizes the possi-
bility of generating trends by higher speciation rates, rather than 
just by species selection through differential extinction: “I now 
believe that . . . evolutionary trends powered by differential birth 
are both common and more interesting in their unconventional 
implications. A trend can occur via differential speciation in 
two ways, only one of which may represent species selection. In 
“birth bias” . . . increased representation of one kind . . . arises only 
from its higher speciation rate (probability of extinction across 
all kinds may be constant). Trends are a product of differential 
origin” (1982f, 101–2). With evolutionary processes capable of 
generating trends in several different ways, a detailed knowledge 
of diversity dynamics would be important for understanding the 
nature of any trend.
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The paper concludes with a hint that Steve was formalizing the 
views to be fl eshed out later in Structure : “When a proper hierar-
chical theory is fully elaborated, it will not be entirely Darwinian in 
the strict sense of reduction to natural selection acting upon organ-
isms. Yet I suspect that it will embody the essence of Darwinian 
argument in a more abstract and general form. We will have a series 
of levels with a source for the generation of variation and a mode 
(or set of modes) for selection among individuals at each level 
(Arnold and Fristrup 1982). The superseding of strict Darwinism 
may establish the Darwinian style of argument in its most general 
form as the foundation for a truly synthetic theory of evolution” 
(1982f, 104). Note here that Steve was not advocating abandoning 
Darwin, but of using “the Darwinian style of argument” separately 
tailored for different levels in the hierarchy, rather than extrapo-
lating a continuum from microevolution to all levels.

Darwin centennials and catastrophes on earth 
(Gould 1983j, 1984h)

Stimulated by the then new emphasis on catastrophic mass 
extinction, Steve expounded on the importance of differenti-
ating between micro- and macro-evolution in contributions to 
two symposium volumes, one commemorating the centennial of 
Darwin’s death and the other on catastrophes in earth history. In 
each paper he used diversity pattern as a major example of infor-
mation available about macroevolution in contrast to microevo-
lution. In the Darwin centennial paper (1983 j), Steve uses “the 
terms micro and macroevolution in the purely descriptive sense to 
designate the phenomenology, whatever its cause, of evolutionary 
change within versus among species,” and he comments that 
“paleontology is a principal source of independent macroevolu-
tionary theory that cannot be simply extrapolated from the evolu-
tionary processes operating among organisms within populations” 
(1983 j, 353). Diversity issues supply justifi cation for his position: 
“Palaeontological phenomena described by differential rates of 
origin and persistence of species, rather than by differential rates 
of change within anagenetic lineages, provide a pool of events for 
an independent macroevolution,” and he asserts that “patterns 
well described by stochastic models provide the best cases that 
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palaeontology has offered during the last decade” [of patterns not 
directly predictable from microevolutionary events], concluding 
that “nothing in microevolutionary theory predicts whether or not 
stochastic models will apply” (1983 j, 359).

Steve’s paper in the catastrophes symposium is another argu-
ment for the “vindication of punctuational change” (1984h). Steve 
describes the trend to replace older gradualistic arguments related 
to a variety of aspects of the fossil record with new ideas supporting 
more abrupt, in some cases even catastrophically sudden, change. 
Again, diversity change is used for illustration: “Likewise, the 
most popular theories of my student days (the mid ’60s, not so 
long ago) tried to deny—or, at least, to dilute substantially—the 
Cambrian explosion and the Permian extinction by labeling them 
‘preservational artifacts.’ But the more these events are studied, 
the more they resist attempts to spread them out into gradual-
istic oblivion. . . . The history of marine invertebrate diversity is set 
primarily by its rare punctuations. The geological time scale is a 
mirror of these punctuations. No unit is without its ‘boundary 
problems,’ but the units are reasonably objective packages, not the 
arbitrary divisions of a gradual and uniform fl ow of life. Strength 
of punctuation established the hierarchy: the largest mark eras 
(Cambrian explosion, as well as Permian and Cretaceous extinc-
tions); the smaller eras, periods” (1984h, 26).

The study of mass extinction has become a growth industry. 
The rate of publication on mass extinction held steady at a 
low rate from the nineteenth century until the mid-1950s, but 
has increased at an exponential rate for the last half century 
(Bambach 2006). In his paper in the catastrophes volume Steve 
made an interesting observation about the growth of interest in 
“punctuational” change that may be one reason the topic of mass 
extinction has become so popular: “I do not know how much 
of this new fascination for punctuational change resides in the 
stresses of our general culture. Information theory and general 
systems theory—with their concepts of equilibrium, steady state, 
homeostasis, feedback loops, and positive feedback leading to 
rapid autocatalytic change—certainly evoke a set of punctuational 
metaphors. Our uncertain world of nuclear armaments and dete-
riorating environments must also encourage a departure from 
gradualism” (1984h, 31).



100  Richard K. Bambach

The cosmic dance of Siva (1984x)

Steve Gould became a world-famous essayist through his column 
“This View of Life” which appeared in 300 consecutive issues of 
Natural History between January 1974 and January 2001. These 
essays generally were original scholarship, not rehashed material 
simplifi ed for the general public. In a footnote in his 1989 discus-
sion of “punctuated equilibrium in fact and theory” Steve stated 
his motive for writing the Natural History essays: “I use this series as 
a device to enhance personal learning, and therefore write about 
subjects that require probing and research. If I write about my own 
technical work, I learn nothing new” (1989e, 119; see also Allmon, 
this volume). In the preface to the last volume of his collected 
essays he was explicit about the scholarly content of his essays:

Moreover, I refuse to treat these essays as lesser, derivative, or 
dumbed-down versions of technical or scholarly writing for profes-
sional audiences, but insist upon viewing them as no different in 
conceptual depth (however distinct in language) from other genres 
of original research. I have not hesitated to present, in this format, 
genuine discoveries, or at least distinctive interpretations, that 
would conventionally make their fi rst appearance in a technical 
journal for professionals. I confess that I have often been frustrated 
by the disinclinations, and sometimes the downright refusals, of 
some (in my judgment) overly parochial scholars who will not cite 
my essays (while they happily quote my technical articles) because 
the content did not see its fi rst published light of day in a tradi-
tional, peer-reviewed publication for credentialed scholars. Yet I 
have frequently placed into these essays original fi ndings that I 
regard as more important, or even more complex, than several 
items that I initially published in conventional scholarly journals. 
(2001m, 6–7)

“The Cosmic Dance of Siva” is a perfect example of Steve’s essays 
as original scholarly contributions. In this essay he fi rst presented 
his idea that mass extinctions represent events at a level separate 
from regular micro- and macroevolutionary phenomena because 
they not only disrupt established evolutionary patterns, but unex-
pectedly and unpredictably alter the history of life. He later 
brought this idea into his professional work (see “The Paradox 
of the First Tier” below); it was a major source for his later advo-
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cacy of the importance of contingency in the history of life, and 
it remained at the heart of his thinking, being the focus of much 
of the last chapter of The Structure of Evolutionary Theory (2002c,
especially 1320–40).

The suggestion by Luis Alvarez and colleagues that a massive 
bolide impact could have triggered the end-Cretaceous extinction 
dramatized the possibility of catastrophic extinction by providing 
possible evidence of colossal impact, documentation of a global 
iridium anomaly at the Cretaceous/Tertiary boundary (Alvarez 
et al. 1980). Attention was focused on extinction as never before. 
Dave Raup and Jack Sepkoski presented another intriguing idea 
on extinction at several professional meetings in 1983: the possi-
bility that there had been a twenty-six million year periodicity to 
peaks of extinction intensity between the later Permian and now 
(Raup and Sepkoski 1984). Stimulated by this idea, several people 
who had heard Raup and Sepkoski’s presentations wrote specula-
tive papers that were published as articles in Nature in April, 1984,
suggesting that the Sun might have a dark, distant companion that 
could trigger periodic meteor or comet showers from the outer 
reaches of the solar system and generate the proposed period-
icity of extinction. In his August, 1984 Natural History column 
Steve discussed these developments and several others, but noted 
that he “would be performing no service in presenting a straight 
exposition” of the idea of periodic extinction or of the infl uence 
of the hypothesized dark companion star because so much had 
already been reported in the news media. Rather, “I wish, instead, 
to explain why this new theory of mass extinction might be so 
vitally important in altering our basic conception of the causes of 
pattern in life’s history” (1984x; 1985y, 440).

Two important statements summarize Steve’s views of the large-
scale implications of the effects of unpredictable mass extinctions: 
(1) “In this view, external triggers of changing environment must 
drive the history of life on. But they drive it in unconventional 
directions: Where can we fi nd the upward advance we seek so 
assiduously (to put ourselves on top of a struggling mass) if life 
only tracks a capriciously changing environment? Where can we 
locate predictable order at all if the primary environmental trig-
gers are periodic cometary showers?” and (2) “In short, if mass 
extinctions are so frequent, so profound in their effects, and 
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caused fundamentally by an extraterrestrial agency so catastrophic 
in impact and so utterly beyond the power of organisms to antici-
pate, then life’s history either has an irreducible randomness or 
operates by new and undiscovered rules for perturbations, not (as 
we have always thought) by laws that regulate predictable compe-
tition during normal times” (1984x; 1985y, 446). Steve didn’t 
ignore the fact that extinction also opened opportunity for the 
survivors. “Mass extinctions are not unswervingly destructive in the 
history of life. They are a source of creation as well, especially if the 
second view of external triggering is correct and the Red Queen of 
internal connection does not drive life inexorably forward. Mass 
extinction may be the primary and indispensable seed of major 
changes and shifts in life’s history. Destruction and creation are 
locked in a dialectic of interaction” (1984x; 1985y, 448).

Steve had already written much in the professional literature on 
microevolutionary processes, such as natural selection in ecolog-
ical time, and on macroevolutionary processes, such as speciation 
in geological time. But in this Natural History essay Steve pointed 
out that infrequent and unpredictable large-scale (and cata-
strophic) events could be seen as independent in time and effect 
from micro- and macroevolutionary processes. He would formalize 
these ideas as three tiers in the evolutionary hierarchy and empha-
size their independence by pointing out the potential of events 
at a higher tier for frustrating progress made at a lower tier in 
a paper in Paleobiology in 1985. But the role of mass extinctions 
(later the “third tier”) and their effects on evolutionary pattern 
was fi rst discussed in this Natural History essay, as was the sense that 
the magnitude of extinction events may make nomothetic study of 
the history of life diffi cult or impossible.

The paradox of the fi rst tier (1985f )

The professional paper that caps Steve’s phase of emphasis on hier-
archy of evolutionary phenomena, “The paradox of the fi rst tier: an 
agenda for paleobiology” (1985f), clearly grew out of the Natural
History essay, “The cosmic dance of Siva.” Early in the paper Steve 
lays out his concepts of tiers of time: “The fi rst tier includes evolu-
tionary events of the ecological moment [natural selection and 
microevolution]. The second encompasses the evolutionary trends 
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within lineages and clades that occur during millions of years in 
“normal” geological time between events of mass extinction. . . . The 
most exciting subject in paleobiology today, and the source (I 
suspect) of its principal agenda for the 1980s, lies in our recent 
recognition that one of our best-recognized and most puzzling 
phenomena, mass extinction, is not merely more and quicker 
of the same, but a third distinct tier with rules and principles of 
its own” (1985f, 2–3). Then he defi nes the paradox of the title: 
“I believe that our failure to fi nd any clear vector of fi tfully accu-
mulating progress, despite expectations that processes regulating 
the fi rst tier should yield such advance, represents our greatest 
dilemma for a study of pattern in life’s history. I shall call it the 
paradox of the fi rst tier” (1985f, 4). This is followed by a discussion of 
punctuated equilibrium and the second tier: “Punctuated equilib-
rium is a theory for the second tier—it studies the deployment of 
species and the origin of trends in normal geological time between 
episodes of mass extinction” (1985f, 4). Finally, Steve argues that 
the third tier is independent of the others: “As a summary state-
ment, identifying the third tier as distinct, we may say that mass 
extinctions are more frequent, more rapid, more extensive in impact,
and more qualitatively different in effect than our uniformitarian 
hopes had previously permitted most of us to contemplate” (1985f, 
8). He also uses the third tier to resolve the paradox of the fi rst: 
“It goes almost without saying that such a theory of mass extinc-
tion would largely resolve the paradox of the fi rst tier. If anything 
like progress accumulates during normal times (and punctuated 
equilibrium casts doubt even upon this proposition), the vector of 
advance may be derailed often and profoundly enough to undo 
any long term directionality” (1985f, 10).

Although we can now see weaknesses in some of his views 
(periodicity of extinction did not become an important issue, the 
number of catastrophic mass extinction events may not be as large 
as Steve thought, and the effects of large-scale events are seldom 
as pervasive as Steve opined), study of mass extinctions and their 
effects dominated the 1980s and 1990s and still hold great interest 
(Bambach et al. 2004; McGhee et al. 2004; Bambach 2006).

Several items in the “paradox” paper foreshadow major 
themes of the fi nal phase of Steve’s career and make it an appro-
priate bridge to that later work. He denies directionality (and 
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progress) in evolution. He also clearly looks ahead to the ques-
tion of morphological disparity, as different from diversity, in 
the concluding section of the paper: “Questions are bursting out 
all over; I could fi ll the rest of this issue with a list, if the editor 
would only give me space. Just one, as an example of what we 
can now ask. Consider the history of mollusks and echinoderms 
and its general pattern of marked reduction in class-level diversity 
and great expansion at lower taxonomic levels within surviving 
groups. I believe that this reduction of diversity and expansion at 
stable points of design—and not progress—is the major pattern 
of life’s history, at least for marine invertebrates” (1985f, 11). In 
these items we see the topics that would dominate Wonderful Life
(1989d) and Full House (1996d), the two major books on evolu-
tionary topics Steve would write prior to completing The Structure 
of Evolutionary Theory (2002c).

V. 1987–2002: Evolutionary theory expanded, 
progress out, contingency rules

The last phase of Steve Gould’s evolving view of life’s history 
contrasted with his earlier approach. He now frequently general-
ized about aspects of the entire history of life rather than focusing 
on specifi c topics such as speciation or differentiating levels of the 
evolutionary hierarchy. In one respect this was a natural culmina-
tion, a synthesis of the range of ideas he had been developing for 
the previous twenty years, and he capped it with his massive tome, 
The Structure of Evolutionary Theory (2002c). He did not abandon 
his earlier interests, however. In 1986 he published a monograph 
on Cerion (1986d) and he would write more papers on his favorite 
genus during the next decade. Heterochrony continued as a 
favorite topic, as well (1999d, 2000f). But rather than emphasizing 
a nomothetic approach to paleontology or explicating phenomena 
that might be used to identify or defi ne independent levels in the 
evolutionary hierarchy, Steve emphasized holistic conclusions in 
many later works, even when the major portion of a publication 
focused on an example limited in space or time. Also, several of his 
most memorable forays were books written for the general public 
rather than research results presented in the technical profes-
sional literature. Wonderful Life (1989d) and Full House (1996d)
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are the documents from this last phase that most fully present his 
holistic overview of life’s history. The fi rst line of the “Preface and 
Acknowledgements” of Wonderful Life (“This book . . . attempts to 
tackle one of the broadest issues that science can address—the 
nature of history itself ” [1989d, 13]) establishes Steve’s ambition 
for that work (the book emphasizes contingency, not directionality, 
as the controlling feature underpinning history). Likewise, his 
comment, “Full House presents the general argument for denying 
that progress defi nes the history of life or even exists as a general 
trend at all” (1996d, 4) is unambiguous in declaring Steve’s scope 
for that work.

These two books, both intended for a general audience, also 
reveal one reason why Steve’s work was often considered controver-
sial. Steve was a committed secular humanist, and both Wonderful 
Life and Full House argue that humans are an accident of evolution, 
not its purpose. This paper isn’t the place to discuss this aspect 
of Steve’s career (see Kelley, this volume), but it is important to 
understand that, reasoned as his statements are, they do generate 
a sense of aggressive challenge. It is clear from his rhetoric that 
Steve intended to create that sense of challenge. He wrote to get 
attention, and he hoped to stimulate debate.

The direction of evolutionary time (1987b)

Steve’s last venture into the direct analysis of diversity patterns 
returned to the analysis of clade shapes fi rst done ten years before 
(1973j, 1977a). Now, however, Steve (with his co-authors, former 
students Norman Gilinsky and Rebecca German) campaigns 
to drop the idea of progress from the history of life: “we wish to 
replace the grand but vague and noisome notion of progress with 
a question almost risibly limited by comparison—but imbued with 
the twin virtues of defi nition and testability: if you were handed a 
chart of clade diversity diagrams with unlabeled axes, would you 
know whether you were holding the chart upside down or right 
side up?” (1987b, 1437). Patterns of diversity are used to attack 
the question: “We pose an operational defi nition for arrows of 
time: does any asymmetry exist, statistically defi ned over large 
numbers of lineages, in the vertical dimension of clade diversity 
diagrams? If bottoms of lineages are defi nably different from tops, 
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then evolutionary time has a direction, and the morphology of 
clade diversity diagrams can specify whether life’s tape is running 
properly forward or illegitimately backward.” (1987b, 1437). The 
authors determined the centers of gravity (“defi ned as the rela-
tive position in time of a clade’s mean diversity, not as its time of 
maximum diversity” [1987b, 1438]) for a large number of extinct 
clades and looked for a pattern in their average position. Gould et 
al. found that early-arising clades had centers of gravity below 0.5
(earlier in time than the mid-point of the duration of the clade), 
whereas later-arising clades had centers of gravity generally close 
to 0.5 or, in the case of mammals, even higher, a result fi rst noted 
a decade earlier (1977a). This was true for genera within families 
(1977a), families within orders (calculated three different ways to 
eliminate potential bias from variation in length of intervals), and 
for Cenozoic mammals (a new and more complete analysis than in 
1977a). The authors argued for the reliability of their conclusions: 
“In practice, we attain greatest confi dence when results are contrary 
to a primary bias. Since quality of preservation and quantity of avail-
able sediment increase as we approach the present, the known fossil 
record must impose a strong artifact favoring top-heavy clades. 
Since we have found an actual asymmetry of bottom-heaviness—and 
in older clades at that—we feel confi dent that we have detected a 
real pattern (weakened if anything by biases of the fossil record)” 
(1987b, 1440). The abstract of the paper summarizes its results: 
“Evolutionary time has a characteristic direction as demonstrated 
by the asymmetry of clade diversity diagrams in large statistical 
samples. Evolutionary groups generally concentrate diversity during 
their early histories, producing a preponderance of bottom-heavy 
clades among those that arise early in the history of a larger group. 
This pattern holds across taxonomic levels and across differences in 
anatomy and ecology (marine invertebrates, terrestrial mammals). 
The quantitative study of directionality in life’s history (replacing 
vague, untestable, and culturally laden notions of ‘progress’) should 
receive more attention from paleontologists” (1987b, 1437).

Two aspects of this paper have always puzzled me. One is that 
Norm Gilinsky and I had done a bootstrapping study of families 
within orders (Gilinsky and Bambach 1986) and found that the 
centers of gravity of most real clades have a very strong tendency 
(fourteen of seventeen cases tested) to occur prior to that of the 
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mean of multiple simulations for each clade when the same diver-
sity dynamics are used in the simulation as occur in that real clade. 
In this sense, most clades, not just those originating early in time, 
have an asymmetry from “random” that marks a temporal direction. 
Yet that work was not referenced by Gould, Gilinsky, and German 
(1987b). Perhaps the authors only wanted a direct measure of 
asymmetry in the general form of clades to illustrate the general 
idea of a test independent of progress (the analysis Gilinsky and I 
had done was somewhat indirect, requiring comparison of the real 
clade with multiple simulations for each clade individually). The 
other puzzling aspect is why there was no discussion of the lack of 
bottom-heaviness of later-arising clades. Since Steve was against 
claiming progress as a characteristic of the history of life, it should 
have been appealing to note that, except for early-arising groups, 
no consistent arrow was reliably detectable in the general shape 
of later-arising clades (although the difference between simulated 
and real individual clades noted above is generally present).

Trends (1988c)

Steve was president of the Paleontological Society in 1987. His 
presidential address to the Paleontological Society summarized 
his ideas about trends. Along the way it allowed him to display 
his well-known interest in baseball as he reviewed his conclusion 
(fi rst published in Vanity Fair in 1983 [1983a]) that the disappear-
ance of 0.400 batting averages in the major leagues was a trend of 
decrease in variance as the skills of ball players for pitching and 
defense increased, not a directional trend toward lesser batting 
skills, and he used that example as one of the ways into a favorite 
topic of his later career, the lack of actual direction in many 
claimed trends. Steve’s position was that, “Trends are the primary 
phenomenon of macroevolution, but they have often been misin-
terpreted because an old and deep conceptual error has induced 
us to misread, as anagenesis in abstracted entities, a pattern that 
actually records changes in variance by increase or decrease in 
diversity or disparity among species within clades” (1988c, 319).
In his later career Steve emphasized change in variance in distri-
butions—and the lack of selection or sorting—as producing 
apparent trends determined from “abstracted” entities (such as 



108  Richard K. Bambach

means). His new idea (inspired, as he acknowledged, by Steve 
Stanley’s insights on Cope’s Rule [Stanley 1973]), was that many 
claimed trends were not driven changes. Differential speciation,
which would be important in changing variance even if it didn’t 
result in a selection-driven trend, remained important as an attri-
bute of macroevolution: “Macroevolution—including the central 
phenomenon of trends—must be conceptualized as the differen-
tial success of species. If microevolution results from the sorting 
of organisms within populations, then macroevolution occurs by 
sorting of species within clades (1986h). Nature operates an entity 
making and breaking machine in the processes of speciation and 
extinction. If differential birth and death produce anagensis in 
populations, then differential speciation and extinction forge 
trends within clades” (1988c, 320).

Gould’s published presidential address also brought Bruce 
Runnegar’s idea of disparity of form into his work for the fi rst 
time: “Runnegar (1987) makes the valuable distinction between 
diversity, or number of species, and disparity, or average difference 
among species. If number remains constant and disparity increases 
or decreases (as new kinds of species replace old), the same effects 
may arise—for example, means and extremes may increase while 
modes remain constant if the mode lies near one end of a poten-
tial range and average disparity among a constant number of 
species grows” (1988c, 321). Steve discussed a variety of examples 
of trends as change of variance and even brought in the Burgess 
Shale late in the paper. The issue of trends was summarized as: 
“For trends, the key to understanding is often not the perceived 
excursion itself (for the ‘entity’ supposedly in motion may be a 
misleading abstraction, or a forced and secondary effect of starting 
points or limits of ranges), but an increase or decrease in number 
of disparity of species within clades” (1988c, 528–29).

These ideas would be the basis for much expanded discussion 
in Wonderful Life and Full House.

Fact and theory (1989e)

In a review, “Punctuated equilibrium in fact and theory” (1989e),
Steve made some insightful remarks about his career interests. 
He reminisced a bit on his graduate school experience: “Norman 



 Diversity and Gould’s Evolving View of Life’s History 109

Newell was the most biologically oriented of ‘old guard’ palaeon-
tologists and had personally fomented this restructuring [the shift 
in paleontology from a dominant emphasis on biostratigraphy 
to what is now called paleobiology] by urging students to tackle 
evolutionary problems. . . . Niles [Eldredge] and I went to study with 
Newell because we were primarily interested in evolution. . . . We 
were both interested in small-scale, quantitative research on species 
and lineages (a concern fostered by our other advisor, John Imbrie, 
who taught us multivariate statistical analysis)” (1989e, 117–18).
He also revealed his commitment to hierarchy in evolutionary 
theory: “I believe that hierarchy theory in causal perspective will 
provide the most fundamental reconstruction of evolutionary 
theory since the Modern Synthesis of the 1930s and 40s. . . . For 
punctuated equilibrium, we may at least say that it directed the 
attention of macroevolutionists to the causally distinct status of 
species, and that this insight helped to lead the larger discipline of 
evolutionary biology toward the expanded Darwinism of hierarchy 
theory.” (1989e, 126–27). He also elaborated at length on the 
need to use the term species sorting, rather than species selection: 
“our misnamed ‘species selection’ (of Stanley 1975 and Gould and 
Eldredge 1977) was really a claim about species sorting” (1989e,
122), and he credited Elizabeth Vrba with bringing the distinc-
tion to the fore. Although he backed away from species selection 
as a topic (both here and in the Structure of Evolutionary Theory)
he held on to species sorting as a macroevolutionary method of 
making trends. Despite Steve’s caution, Coyne and Orr, in a major 
new review of speciation (Coyne and Orr 2004), state, “those 
who continue to debate the possibility of species selection fail to 
realize that comparative studies have already settled the issue. 
What remains is to determine how often this type of selection has 
shaped evolutionary trends” (Coyne and Orr 2004, 445). Steve had 
claimed early on that species sorting and trends were associated. 
Apparently there is still work to be done on Gouldian concepts.

Wonderful Life (1989d)

Wonderful Life won the Rhone-Poulenc Prize for science writing, 
was a fi nalist for the Pulitzer Prize, and won the Forkosch Award. 
Although intended for general readership, the book is the 
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central document about Steve’s “post-nomothetic” emphasis on 
contingency in evolution. It is also where he launched his view 
contrasting early disparity with later diversity. Steve’s thesis was 
that great disparity of form evolved early and the later increase 
of diversity that characterizes the overall history of life occurred 
within a much smaller number of anatomical body plans, groups 
that may have survived just by chance. This coupled Steve’s long-
held interest in the origins of morphology to his conviction that no 
progressive directionality had characterized the history of life. He 
explained the concept of disparity and the difference between it 
and diversity (also as used throughout this paper) thus: “Biologists 
use the vernacular term diversity in several different technical 
senses. They may talk about ‘diversity’ as number of distinct 
species in a group . . . But biologists also speak about ‘diversity’ as 
difference in body plans. . . . Several of my colleagues ( Jaanusson 
1981; Runnegar 1987) have suggested that we eliminate the confu-
sion about diversity by restricting this vernacular term to the fi rst 
sense—number of species. The second sense—difference in body 
plans—should then be called disparity” (1989d, 49). The strange 
assortment of taxa found in the Burgess Shale of mid-Cambrian 
age and the contrast between the interpretation of their affi nities 
by Charles Walcott, who originally described most of the fauna, 
and the reinterpretation of the fauna by Harry Whittington and 
his students, especially Simon Conway Morris and Derek Briggs, 
are the focus for the book, but generality about the nature of 
evolution is the real topic.

The contrast between diversifi cation, which Steve acknowledged 
had increased greatly since the mid-Cambrian, and the variety of 
body plans of animals, which Steve argued was more varied in 
the mid-Cambrian than now, creates a dissonance between diver-
sity and disparity: “The revision of the Burgess Shale rests upon 
its diversity in this second sense of disparity in anatomical plans. 
Measured as number of species, Burgess diversity is not high. This 
fact embodies a central paradox of early life: How could so much 
disparity in body plans evolve in the apparent absence of substan-
tial diversity in number of species?” (1989d, 49).

Steve implies that the overall history of diversity distracts from 
understanding the nature of evolution: “Within these constraints 
of monophyly and divergence, the geometric possibilities for evolu-
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tionary trees are nearly endless. A bush may quickly expand to 
maximal width and then taper continuously, like a Christmas 
tree. Or it may diversify rapidly, but then maintain its full width 
by a continuing balance of innovation and death. Or it may, like a 
tumbleweed, branch helter-skelter in a confusing jumble of shapes 
and sizes. Ignoring these multifarious possibilities, conventional 
iconography has fastened upon a primary model, the ‘cone of 
increasing diversity,’ an upside-down Christmas tree. Life begins 
with the restricted and simple, and progresses ever upward to 
more and more and, by implication, better and better” (1989d,
38). He then charges:

The iconography of the cone made Walcott’s original interpreta-
tion of the Burgess fauna inevitable. Animals so close in time to 
the origin of multicellular life would have to lie in the narrow neck 
of the funnel. Burgess animals therefore could not stray beyond a 
strictly limited diversity and a basic anatomical simplicity. . . . I know 
of no greater challenge to the iconography of the cone—and hence 
no more important case for a fundamentally revised view of life—
than the radical reconstructions of Burgess anatomy presented 
by Whittington and his colleagues . . . they have turned the tradi-
tional interpretation on its head. By recognizing so many unique 
anatomies in the Burgess, and by showing that familiar groups 
were then experimenting with designs so far beyond the modern 
range, they have inverted the cone. The sweep of anatomical variety 
reached a maximum right after the initial diversifi cation of multi-
cellular animals. The later history of life proceeded by elimination, 
not expansion. The current earth may hold more species than 
ever before, but most are iterations upon a few basic anatomical 
designs. . . . But the Burgess pattern of elimination also suggests a 
truly radical alternative, precluded by the iconography of the cone. 
Suppose that winners have not prevailed for cause in the usual 
sense. Perhaps the grim reaper of anatomical designs is only Lady 
Luck in disguise. . . . Perhaps the grim reaper works during brief 
episodes of mass extinction, provoked by unpredictable environ-
mental catastrophes. . . . Groups may prevail or die for reasons that 
bear no relationship to the Darwinian basis of success in normal 
times. (1989d, 45–48)

Steve concentrates on the idea that much of the history of life 
had been determined simply by which of the original disparate 
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body plans survived. He felt that most had gone extinct primarily 
by chance, not through failure in competition, and he called this 
loss decimation: “When I speak of decimation, I refer to reduc-
tion in the number of anatomical designs for life, not numbers 
of species” (1989d, 49). The chance of any particular body plan 
surviving and having the chance to diversify depended on many 
unpredictable events, making survival a contingent event. Hence 
the history of what did happen is just one of many possible histo-
ries that could have happened. Steve argues that if diversifi cation 
is what impresses you, a different interpretive scheme will emerge 
than the one you construct if early disparity and later contingent 
survival is what determined which groups became diverse: “I believe 
that the reconstructed Burgess fauna, interpreted by the theme 
of replaying life’s tape, offers powerful support for this different 
view of life: any replay of the tape would lead evolution down a 
pathway radically different from the road actually taken. But the 
consequent differences in outcome do not imply that evolution is 
senseless, and without meaningful pattern; the divergent route of 
the replay would be just as interpretable, just as explainable after
the fact, as the actual road. But the diversity of possible itiner-
aries does demonstrate that eventual results cannot be predicted 
at the outset. Each step proceeds for cause, but no fi nale can be 
specifi ed at the start, and none would ever occur a second time in 
the same way, because any pathway proceeds through thousands 
of improbable stages. Alter any early event, ever so slightly and 
without apparent importance at the time, and evolution cascades 
into a radically different channel. This . . . represents no more nor 
less than the essence of history. Its name is contingency—and 
contingency is a thing unto itself, not the titration of determinism 
by randomness” (1989d, 51).

Steve described the fauna of the Burgess Shale at length 
and then stated his view of its importance: “The Burgess Shale 
includes a range of disparity in anatomical design never again 
equaled, and not matched today by all the creatures in all the 
world’s oceans. The history of multicellular life has been domi-
nated by decimation of a large initial stock, quickly generated in 
the Cambrian explosion. The story of the last 500 million years 
has featured restriction followed by proliferation within a few 
stereotyped designs, not general expansion of range and increase 
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in complexity as our favored iconography, the cone of increasing 
diversity, implies” (1989d, 208).

He also summarized the larger meaning of his argument:

Contingency is both the watchword and lesson of the new inter-
pretation of the Burgess Shale. The fascination and transforming 
power of the Burgess message—a fantastic explosion of early 
disparity followed by decimation, perhaps largely by lottery—
lies in its affi rmation of history as the chief determinant of life’s 
directions. . . . The new view . . . is rooted in contingency. With so 
many Burgess possibilities of apparently equivalent anatomical 
promise—over twenty arthropod designs later decimated to four 
survivors, perhaps fi fteen or more unique anatomies available for 
recruitment as major branches, or phyla, of life’s tree—our modern 
pattern of anatomical disparity is thrown into the lap of contin-
gency. The modern order was not guaranteed by basic laws (natural 
selection, mechanical superiority in anatomical design), or even 
by lower-level generalities of ecology or evolutionary theory. The 
modern order is largely a product of contingency. (1989d, 288)

Steve’s focus had changed since he had written hopefully, in 
1980, that “paleontology is not a pure historical science; it resides 
in the middle of a continuum stretching from idiographic to 
nomothetic disciplines.”

Steve used the “bottom-heavy” clade analysis of Gould, Gilinsky, 
and German (1987b) as a starting point for a summarizing general 
statement. Because of early disparity, Steve felt that evolution had 
done most of its creative work at the beginning of diversifi cation 
in “fi lling the ecological barrel,” when clades were bottom-heavy. 
After that, life was a directionless series of interesting, but not 
fundamentally important, events:

“The early history of multicellular life is marked by a bottom-heavy 
signature for individual lineages, later times feature symmetrical 
lineages. . . . We may interpret this bottom-heavy pattern in several 
ways. I like to think of it as ‘early experimentation and later stan-
dardization.’ Major lineages seem able to generate remarkable 
disparity of anatomical design at the outset of their history—early 
experimentation. Few of these designs survive an initial decimation, 
and later diversifi cation occurs only within the restricted anatomical 
boundaries of these survivors—later standardization. The number 
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of species may continue to increase, and may reach maximal values 
late in the history of lineages, but these profound diversifi cations 
occur within restricted anatomies” (1989d, 304).

Destruction by the “third tier: of mass extinction and species 
sorting mechanisms, not natural selection on the genomes of indi-
viduals, which produce radiations and trends at the second tier, 
intervene to make selective evolution within species almost a side-
show. For G. Evelyn Hutchinson’s “ecological theater and evolu-
tionary play” (Hutchinson 1965), if you restaged the play, you 
could not predict what even the basic plot of the show might be:

“However we interpret this bottom-heavy pattern, it strongly rein-
forces the case for contingency, and validates the principal theme 
of this book. First, the basic pattern is a disproof of our standard 
and comfortable iconography—the cone of increasing diversity. 
The thrall of this inconography and its underlying conceptual 
base prevented Walcott from grasping the true extent of Burgess 
disparity, and has continued to portray the controlling pattern 
of evolution in a direction opposite to its actual form. Second, 
maximal initial disparity and later decimation give the broadest 
possible role to contingency, for if the current taxonomic structure 
of life records the few fortunate survivors in a lottery of decimation, 
rather than the end result of progressive diversifi cation by adaptive 
improvement, then a replay of life’s tape would yield a substan-
tially different set of surviving anatomies and a later history making 
perfect sense in its own terms but markedly different from the one 
we know” (1989d, 304).

Why we must strive to quantify morphospace (1991i)

Steve’s claim of a uniquely broad range of early disparity was, and 
remains, controversial. Although not as sustained or widespread as 
the attention lavished on punctuated equilibrium, discussion about 
disparity has been serious and is not yet fi nished. Steve responded 
to some of the early criticisms in typical rousing form: “Three major 
arguments have been raised against the crucial claim . . . that disparity 
of anatomical design reached an early maximum in the history of 
multicellular life . . . I show that all these arguments are either false or 
illogical.” (1991i, 411). However, in shifting attention from diversity, 
for which a variety of analytic techniques were available, to disparity, 
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with its implications of different degrees of morphological differ-
ence, Steve recognized that a new set of techniques would be needed 
to rigorously analyze the issue. “I have argued that the critics of 
greater early disparity are wrong in their central claims about cladis-
tics and retrospective fallacies. But these critics, while choosing false 
targets, are motivated by a serious and entirely legitimate malaise. 
The problem, however, is caused by absent technique, not incorrect 
argument or even inherent ambiguity” (1991i, 419).

So Steve set us an agenda, once again. Paleontology has devel-
oped a lot in the last thirty years, but working out this agenda 
will surely be the way to get to a new level of understanding. It is, 
however, a tough task: “What, then, do we need? . . . . We need . . . to 
defi ne a full range of the abstract (and richly multivariate) space 
into which all organisms may fi t (the morphospace). We must then 
be able to characterize individual organisms and plot them within 
this encompassing space. Finally, we need to measure density, 
range, clumping, and a host of other properties that determine 
differential fi lling of this totality; and we must be able to assess 
the variation in this differential fi lling through time. (The claim 
for greater initial disparity is, effectively, a statement that the 
Cambrian range exceeds modern occupation.)” (1991i, 420). 
Asking for the complete quantifi cation of morphospace and its 
occupation is a tall order. Even Steve didn’t know how to get it 
done: “These questions are dauntingly diffi cult, and I do not 
pretend to have a solution. . . . I do confess some fears that, in toto,
the question of morphospace may be logically intractable, not 
merely diffi cult. . . . Such issues may make a general solution intrac-
table” (1991i, 420–421). George McGhee has written an introduc-
tory review of theoretical morphology (McGhee 1999), and Karl 
Niklas has discussed the various ways morphology in plants may 
respond to a range of needs (Niklas 1997), but Gould’s dream is 
not likely to become reality any time soon.

A fundamental challenge in emphasizing disparity, rather 
than diversity, is determining what we should be measuring. As 
Runnegar defi ned disparity, it is a comparative concept: “There 
are two main ways of measuring evolutionary distance in living 
and fossil organisms, although the degree of complexity may also 
provide a rough indication of the amount of evolution that has 
occurred. The fi rst is taxonomic diversity (the number of kinds . . .) 
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and the second is morphologic disparity (the amount of difference 
between related phyla, classes, species, individuals, proteins, 
genes etc.)” (Runnegar 1987, 41). Runnegar specifies that, 
“innovation—the crossing of a functional threshold—gives rise 
to morphological disparity” and notes that “the main source of 
new higher taxa (macroevolution) lies in the pathway that leads to 
morphological disparity. Such developments involve the crossing 
of one or more new functional thresholds and the organisms that 
approach these thresholds develop morphologies that make this 
possible” (Runnegar 1987, 41). If disparity is really a comparative 
concept (“the amount of difference”)—and if disparity is not just 
the range of variation in morphological characters but something 
of larger scope (Runnegar says innovation, not variation “gives rise 
to morphological disparity” and Steve called disparity “difference 
in body plans”), then the problem Steve recognized starts with the 
question: what are we actually trying to specify? It isn’t something 
we have ever dealt with in a quantitative manner. Runnegar even 
argued, “morphological disparity is often best described in qualita-
tive terms” (Runnegar 1987, 41).

Full House (1996d)

Steve was skilled at making arguments that were logical and 
convincing, but, at the same time, raised hackles. Although he 
was careful to make his statements so he could defend them, many 
seem to be planned to generate reactions. Full House is an inter-
esting, but pugnacious, recasting of the traditional view of the 
history of life and regularly invites argument. Steve emphasizes 
two main phenomena in Full House : (1) many perceived trends 
are not directional sequences but just changes in variance (an idea 
expanded from his presidential address to the Paleontological 
Society; 1988c), and (2) the fact that bacteria not only are among 
the earliest evolved forms of life, but are extraordinarily abundant 
and important for biogeochemical processes today. He uses these 
to build a case for denying progress in evolution.

Steve opens with a blast: “Full House presents the general argu-
ment for denying that progress defi nes the history of life or even 
exists as a general trend at all. Within such a view of life-as-a-whole, 
humans can occupy no preferred status as a pinnacle or culmi-
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nation. Life has always been dominated by its bacterial mode” 
(1996d, 4). His rhetorical attack continues:

Homo sapiens is not representative, or symbolic, of life as a 
whole . . . how can this invention [human consciousness and intelli-
gence] be viewed as the distillation of life’s primary thrust or direc-
tion when 80 percent of multicellularity (the phylum Arthropoda) 
enjoys such evolutionary success. . . . Why, then, do we continually 
portray this pitifully limited picture of one little stream in verte-
brate life as a model for the whole multicellular pageant?. . . . I shall 
argue in this book that our unquestioning approbation of such a 
scheme provides our culture’s most prominent example of a more 
extensive fallacy in reasoning about trends—a focus on particulars 
or abstractions . . . egregiously selected from a totality because we 
perceive these limited and uncharacteristic examples as moving 
somewhere—when we should be studying variation in the entire 
system (the ‘full house’ of my title) and its changing pattern of 
spread through time. I will emphasize the set of trends that inspires 
our greatest interest—supposed improvements through time. And I 
shall illustrate an unconventional mode of interpretation that seems 
obvious once stated, but rarely enters our mental framework—
trends properly viewed as results of expanding or contracting varia-
tion, rather than concrete entities moving in a defi nite direction. 
This book, in other words, treats the “spread of excellence,” or trends 
to improvement best interpreted as expanding or contracting varia-
tion. (1996d, 15–16).

Steve presents a primer on skewness in distributions, noting that 
skewness usually develops when one side of a distribution is limited 
by minimal (“left wall”) or maximal (“right wall”) conditions. He 
also investigates the problem of extracting single examples out of 
a range of cases or of treating the overall average of a distribution 
(the mean) as an entity and concludes, “I therefore submit that 
the history of any entity (a group, an institution, an evolutionary 
lineage) must be tracked by changes in the variation of all compo-
nents—the full house of their entirety—and not falsely epitomized 
as a single item (either an abstraction like a mean value, or a suppos-
edly typical example) moving in a linear direction” (1996d, 72–73). 
Steve discusses many aspects of changing variance and its affect on 
distributions, and especially how change of variance infl uences the 
value of extremes at different times. Almost sixty pages are devoted 
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to his favorite example, the disappearance of the 0.400 hitter in 
baseball. He demonstrates that the hitting skills of the best batters 
has not decreased; instead, overall pitching and fi elding skills have 
increased in quality so that batters with skills equal to the 0.400
hitters of the past simply cannot achieve such high absolute levels 
of success. Curiously, in a book dedicated to “denying that progress 
defi nes the history of life or even exists as a general trend at all,” 
Steve uses an example in which there is an actual trend of overall 
progress (improvement in several aspects of play in baseball) as the 
main case to illustrate the methodology of his argument!

Steve then brings up bacteria and their importance in the history 
of life, pointing out that they are very diverse and make up possibly 
a majority of living biomass in the world today. The distributional 
argument, as related to life’s history, is stated as:

“life had to begin next to the left wall of minimal complexity. . . . As 
life diversified, only one direction stood open for expansion. 
Nothing much could move left and fi t between the initial bacterial 
mode and the left wall. The bacterial mode itself has maintained 
its initial position and grown continually in height. . . . Since space 
remains available away from the left wall and toward the direction 
of greater complexity, new species occasionally wander into this 
previously unoccupied domain, giving the bell curve of complexity 
for all species a right skew, with capacity for increased skewing 
through time” (1996d, 171).

As the main claim of this book, I do not deny the phenomenon 
of increased complexity in life’s history—but I subject this conclu-
sion to two restrictions that undermine its traditional hegemony as 
evolution’s defi ning feature. First, the phenomenon exists only in 
the pitifully limited and restricted sense of a few species extending 
the small right tail of a bell curve with an ever-constant mode at 
bacterial complexity—and not as a pervasive feature in the history 
of most lineages. Second, this restricted phenomenon arises as an 
incidental consequence—an “effect,” in the terminology of Williams 
(1966) and Vrba (1980), rather than an intended result—of causes 
that include no mechanism for progress or increasing complexity 
in their main actions. (1996d, 197)

Note how the whole diversifi cation of eukaryotes, both protests 
and multicellular animals and plants, becomes “pitifully limited” 
to “a few species” in “the small right tail” of a skewed bell curve 
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with a bacterial mode. Steve uses carefully chosen rhetoric to 
downplay the topics that not only have been a primary focus of 
most paleontologists, but that interested him, too, through much 
of his career.

The point of view about the history of life expressed in Full House
is that evolutionary branching may have produced the wide range 
of organisms in the modern world, including complex mammals as 
well as simple amoebas among the eukaryotes and even less morpho-
logically complex prokaryotes, but that this is simply a product of 
the expansion of life from a “left wall” of minimal complexity, not 
a driven trend to increased complexity. Left walls in this model are 
irreducible minimalist boundaries, permitting expansion in only 
one direction. However, a right wall, by the same logic, should be 
an impenetrable barrier, against which a distribution would “pile 
up” if it were to expand to meet it. In that case the only way to 
expand further would be to climb the right wall, to evolve some new 
ability that makes the ascent possible. And here is the place where 
Steve’s approach glosses over some really important steps. Bacteria, 
as prokaryotes, simply cannot attain the complexity of eukaryotes. If 
eukaryotes and multicellularity had not evolved, bacteria could not 
and would not have become coral reefs, giant sequoias, whales, or 
people—they were not produced by increase in bacterial variance. 
Although Steve’s argument about passive expansion from left walls 
is fundamentally sound, it is not the whole story.

The biosphere is an entity only at the grossest scale. Evolution 
has formed many entities (evolutionary lineages—clades) in the 
hierarchically structured evolutionary tree of life. Each branch 
of the tree had a history that, while infl uenced by the other 
branches, was also independent of them. Each clade has a history, 
and those may be quite different from the overall pattern of life-
as-a-whole. Achieving the range of life in the biosphere has not 
been a simple singular expansion from minimal complexity. Many 
different expansions are combined, some necessarily in specifi c 
sequence, in the overall biosphere, and each has its own sepa-
rate story. For example, Maynard-Smith and Szathmáry (1995)
and Knoll and Bambach (2000) touch on these issues and the 
question of directionality in the history of life. Early in the book, 
however, Steve is careful to note he was adopting the perspective 
of viewing “life-as-a-whole” and considering “variation in the entire 
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system (the “full house” of my title) and its changing pattern of 
spread through time.” He was not looking at the internal orga-
nization of that whole or what might be necessary to permit the 
whole story to actually unfold. In the limited sense Steve took 
care to defi ne, the pattern considered only at the holistic level, 
his story is correct.

We need to remember that many of Steve’s works were almost 
political in nature. They were intended to defi ne a philosophical 
position or point the way to future study. Full House does not look 
at the trees, just the forest. Steve was interested in the conceptual 
viewpoint, not the detail of description.

The Structure of Evolutionary Theory (2002c)

Steve Gould’s last major professional contribution was his massive 
The Structure of Evolutionary Theory (2002c). I will not parse this 
large book—its subject is not diversity. The only items under 
the term “diversity” in the index are two references to Darwin’s 
admitted failure in solving “the problem of diversity” (2002c, 
47, 50). But all the features of the hierarchy of evolutionary 
phenomena that Steve had discussed over the years using diver-
sity as an exemplar are incorporated in the text. For instance, as 
noted above, much of the last chapter, “Tiers of time and trials 
of extrapolationism, with an epilog on the interaction of general 
theory and contingent history,” is devoted to concepts initially 
developed earlier (1984x, 1985f ).

The Structure had a long gestation. Steve said he worked on the 
project for twenty years (2002c, 1339), an interval starting in the 
early 1980s when he fi rst expressed his commitment to a hierar-
chical view of evolution. Yet, in the preface of his fi rst professional 
book, Ontogeny and Phylogeny (1977e), Steve noted he had started 
that project in 1970 as a prelude to his planned book on macro-
evolution. Steve had it in mind to write a major tome on evolution 
for his entire career.

VI. The ideas mattered; it was philosophy, not description

I conclude this lengthy review with three different observations: a 
note on the unity of Steve Gould’s commitment in all that he did 
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to evolutionary thinking; a brief general review of his reputation 
related to the shape of his evolving career; and an observation on 
the breadth of his infl uence.

The Good People of Halifax (2001f )

Steve Gould used evolutionary concepts in all his writings, general 
as well as technical. One of his fi nest public statements was written 
after the tragedy of September 11, 2001. When the attacks occurred 
in New York and Washington, Steve was fl ying to New York from 
Milan. His plane was grounded in Halifax, Nova Scotia, and he was 
there for a week before he could leave. His fi rst writing after the 
event, published in Canada’s national newspaper, The Globe and 
Mail, was a thank-you for the kindness the citizens of Halifax had 
shown all 9,000 stranded air travelers who had been headed for 
New York around that fateful time. Part of the message was derived 
from his thinking about the tiers of evolution (1985f), but with a 
twist. While acknowledging the disruptive effect of catastrophes 
at a level analogous to the third tier, he turned the argument so 
that features analogous to selectional events at the fi rst tier actu-
ally win out. I don’t think it was just for the essay; I think it is a 
different, but legitimate, view of the structure of evolution as he 
had formulated it.

In an important, little appreciated and utterly tragic principle regu-
lating the structure of nearly all complex systems, building up must 
be accomplished step by tiny step, whereas destruction need occupy 
but an instant. In previous essays on the nature of change, I have 
called this phenomenon the Great Asymmetry (with  uppercase 
letters to emphasize the sad generality). Ten thousand acts of kind-
ness done by thousands of people, and slowly building trust and 
harmony over many years, can be undone by one destructive act 
of a skilled and committed psychopath. Thus, even if the effects of 
kindness and evil balance out in the course of history, the Great 
Asymmetry guarantees that the numbers of kind and evil people 
could hardly differ more, for thousands of good souls overwhelm 
each perpetrator of darkness.

I stress this greatly underappreciated point because our error 
in equating a balance of effects with equality of numbers could lead 
us to despair about human possibilities, especially at this moment 
of mourning and questioning, whereas, in reality, the decent 
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multitudes, performing their ten thousand acts of kindness, vastly 
outnumber the very few depraved people in our midst. Thus, we 
have every reason to maintain our faith in human kindness, and 
our hopes for the triumph of the human potential, if only we can 
learn to harness this wellspring of unstinting goodness in nearly all 
of us, (2001f; 2001m, 390–91).

Conclusions on career shape and reputation
Steve Gould’s reputation and the regard with which his work was 
held changed as his career progressed. From the late 1960s to 
the early 1980s Steve occupied a central position in paleontology, 
formulating ideas and concepts to which the whole profession 
directly responded. Then, as he began work on The Structure of 
Evolutionary Theory in the early 1980s and he changed from concen-
trating on traditional paleontology to thinking about evolutionary 
biology as a whole, fewer practicing paleontologists found as much 
direct relevance in his work for their daily tasks. Also, his style 
in presenting his overarching generalizations seemed to oversim-
plify or to gloss over situations that were of interest to workers in 
specialized areas. This is always one of the dangers of theorizing, 
and the impressions made by his style in works intended for a 
general audience made misunderstanding easier, especially if the 
language wasn’t read very carefully.

But his ideas of hierarchy and interactions between levels are 
real issues. There is a difference between gene sequencing and era-
bounding extinction events. Steve never denied that evolutionary 
change in lineages was anything but change in gene frequencies. 
But he did, correctly, insist that there are patterns of evolutionary 
change to be seen at other scales of time and taxonomy, which 
are not predictable from gene sequencing. On that, I believe, 
Steve was right. His interest, however, was focused on the general 
concepts; he left us to work out the details, they simply weren’t his 
concern.

In his later career he emphasized contingency and used the 
“third tier” of mass extinctions to deny progress. He also changed 
his treatment of diversity. Where he had once used it as his exem-
plar for macroevolution being independent from microevolution 
and to argue for high status for paleontology as a discipline, his 
emphasis changed; in his holistic presentations, diversity was char-
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acterized almost as a barrier to understanding what was impor-
tant. This was mostly a rhetorical device to focus attention on the 
concepts of contingency and disparity that he felt were important 
new viewpoints needing emphasis, but it also de-emphasized the 
importance of even his own earlier work. To be sure, details of 
diversity history are contingent (most obviously in the effect of 
mass extinctions); but recent work on alpha diversity (Powell and 
Kowalewski 2002; Bush and Bambach 2004), on changes in the 
balance of major ecotypes through time (Bambach et al. 2002;
Bush et al. 2007), and on the nature of the sequence of major 
evolutionary breakthroughs in the evolution of the biosphere 
(Knoll and Bambach 2000) suggest that there may be more struc-
ture to the history of life than the impression Steve created of 
an unpredictable, directionless evolutionary sequence. The full 
story is likely to be a path between Steve’s Wonderful Life/Full House
and Simon Conway Morris’ The Crucible of Creation/Life’s Solution
(Conway Morris 1998, 2003). Real life may be more a mix of 
contingency and determinism than Steve intimated.

Stephen Jay Gould’s pervasive infl uence in modern evolutionary 
biology and paleontology (Nature, October 13, 2003)
In the week before the Geological Society of America meeting at 
which this paper was originally presented in a symposium on Steve 
Gould’s career, Nature for October 13, 2003 contained two items 
that would have interested Steve greatly. They both demonstrate 
the depth of his infl uence on evolutionary studies. One was a news 
report by Paul Harvey and Andy Purvis (Harvey and Purvis 2003)
commenting on Robert Ricklefs’s study of diversifi cation in clades 
of passerine birds (Ricklefs 2003). They reported that Ricklefs 
found no phylogenetic association between morphological or 
behavioral innovation and species-rich clades: “Ricklefs proposes 
that unusual expansion of geographical ranges might explain the 
unusually species-rich clades. . . . But what about species-poor taxa? 
Here the explanation is that tribes with few species simply never 
had a chance to radiate because, for instance, they are restricted 
to remote locations away from the continental landmasses or are 
dietary specialists” (Harvey and Purvis 2003, 676). The other 
report is a brief note documenting that a particular single gene 
mutation in the genus Euhadra, a Japanese land snail, reverses its 
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coiling direction and forces the bearers to only breed among them-
selves (Ueshima and Asami 2003). Ueshima and Asami conclude, 
“Our results indicate that single-gene speciation is possible, at 
least in hermaphroditic snails, contrary to the traditionally held 
view” (Ueshima and Asami 2003, 679). Here we have contingency, 
not key innovations, controlling evolutionary success and instant 
speciation, punctuation at its best.

Steve is not cited in either report (or in the full report on 
passerine birds by Ricklefs). But he doesn’t need to be. Punctuated 
equilibrium and contingency are well-established concepts now; as 
ideas they are no longer news. But Steve made both types of study 
central to modern biology and paleontology. Now we all work in 
Gould’s world.
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The Legacy of Punctuated 

Equilibrium

Dana H. Geary

Introduction

The idea for which Steve Gould is best remembered might well 
be punctuated equilibrium, which he coauthored with Niles 
Eldredge. A great many thousands of pages have been written 
about punctuated equilibrium since 1972; it is clearly impossible 
to characterize all of the discussion in a short essay. My intent here 
is to summarize my view of what about punctuated equilibrium 
has proven correct or successful and what has changed or remains 
uncertain. I will also discuss various aspects of the legacy of punc-
tuated equilibrium.

What punctuated equilibrium is and is not

Regarding George Washington’s 1796 Farewell Address, Joseph 
Ellis observes that its “main themes . . . are just as easy to state 
succinctly as they are diffi cult to appreciate fully” (Ellis 2000,
128). One might well say the same about punctuated equilibrium. 
Punctuated equilibrium (PE) describes a particular pattern of 
morphological change in the fossil record; it is about the “origin 
and deployment of species in geological time” (Gould 2002c, 765). 
The basic predictions PE are that most species, when observed 
on geologic time scales, exhibit insignifi cant change during their 



lifetimes. When a daughter species arises, it does so abruptly 
(again, on geological time scales) and is typically accompanied in 
the record by its ancestral species. Thus, evolutionary change is 
predominantly associated with branching events rather than accu-
mulating in an anagenetic mode.

Though seemingly simple enough, the literature harbors a 
diversity of opinion on what exactly PE is (e.g., Somit and Peterson 
1992). In addition, creationists have misrepresented PE in a host 
of self-serving ways (see Kelley, this volume). I will restrict myself 
here to the views of the scientifi c community.

I will not take up the question of species defi nitions in this essay. 
The fossil record is our only source of information on long-term 
patterns of evolutionary tempo and mode, and the fossil record 
gives us “morphospecies.” Fossil morphospecies are not necessarily 
defi ned by morphology only; morphologic data are commonly 
supplemented with data on temporal and geographic distribu-
tion and variation, and paleoecological and paleoenvironmental 
context. When fossil morphospecies have been checked against 
genetic and experimental data, their validity has been confi rmed 
(e.g., Jackson and Cheetham 1990).

The Empirical Record

Many paleontologists have conducted studies intended to gauge 
the fi t of fossil data to the predictions of PE. Despite this large 
body of empirical work (or perhaps because of its volume and 
complexity), no one has yet carried out a comprehensive crit-
ical review. Such an assessment would be both interesting and 
challenging.

The published record is highly variable with respect to several 
key parameters. Available stratigraphic completeness, microstrati-
graphic acuity, and temporal scope vary signifi cantly among studies 
(Schindel 1980, 1982; Sadler 1981), as do the attention paid to 
quantifying them. The geographic coverage offered by a particular 
study ranges from a single locality to extensive sampling across a 
species’ range. The attention given to establishing phylogenetic 
relationships varies widely. Morphometric coverage of specimens 
ranges from a few simple characters to multivariate or other 
more holistic approaches to morphology (see Erwin and Anstey 
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[1995] for discussion of potential biases involved with continu-
ously varying vs. discrete character states, multivariate techniques, 
and/or data transformations). Finally, published studies are highly 
variable with respect to sample sizes, as well as the degree of statis-
tical rigor applied to the data. Thus, as argued by Jackson and 
Cheetham (1999), “reports of gradual or punctuated speciation 
have not been subjected to consistently rigorous critical evaluation 
despite great differences in the quality of evidence available.”

An additional concern is that the fossil record is very strongly 
biased against species that are rare or temporally or geographi-
cally restricted (Koch 1978; Schopf 1982). Convincing demon-
stration of change or stasis, however, requires abundant and 
widely distributed species. Thus, in choosing taxa that meet these 
criteria, we are limiting our overall sample to those relatively 
unusual taxa that happen to be abundant. The degree to which 
this biases the empirical record, or even the direction of bias, is 
unclear. One might argue that this bias works against PE, in that 
the host of short-lived, geographically restricted taxa that are so 
underrepresented in the fossil record both come and go in less 
than a geologic instant. On the other hand, the same problem can 
be seen as a bias toward stasis (Erwin and Anstey 1995). Citing 
quantitative genetic models that predict an increased likelihood 
of stasis with increasing population size, Erwin and Anstey point 
out that when we can track many individuals over time, they must 
have been so numerous that stasis is likely to have prevailed. It is 
obvious that a paleontologist cannot study what does not exist, 
and so we will make our generalizations about those fossil lineages 
whose change (or lack thereof ) can be measured, but the issue 
warrants acknowledgement.

What can be controlled is the selection of taxa to document. 
Ideal is consideration of all preserved taxa within a clade, or 
perhaps an entire biota, rather than selection of particular “inter-
esting” lineages. As Steve emphasized (2002c), a considerable 
portion of the existing literature is probably focused on these 
interesting cases, chosen because something (i.e., change) rather 
than “nothing” (i.e., stasis) could be documented (referred to as 
“publication bias” or “Cordelia’s dilemma” [2002c, 763–65]).

Erwin and Anstey (1995) tallied the results of fifty-eight 
published studies (many of them likely subject to this publication
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bias), taking each author’s conclusions at face value. They 
conclude that the collective results of these studies differ from 
the initial predictions of Eldredge and Gould (1972e). A wide 
variety of patterns have been documented, with no single pattern 
predominate among them (see also Barnosky 1987). Erwin and 
Anstey suggest that the greatest departure from expectation is in 
the preponderance of studies exhibiting both stasis and gradu-
alism in the history of a single lineage. These authors argue that 
just as neobiologists recognize a pluralism of species defi nitions 
and speciation mechanisms, paleobiologists should recognize a 
pluralism of viewpoints on species-level change. In particular, the 
fossil record appears to provide evidence that speciation can be 
both a long-term continuous process as well as an episodic one.

Many other commentators characterize the overall pattern 
differently, arguing that a pattern of stasis and punctuations 
prevails among fossil metazoans (Gould 1992i, 2002c; Prothero 
1992; Stanley 1992; Jackson and Cheetham 1999; Benton and 
Pearson 2001). Most of these authors also conclude that plank-
tonic foraminifera exhibit gradualism more frequently than do 
metazoans (or are at least more variable with respect to tempo). 
Jackson and Cheetham (1999) argue that a relatively small number 
of studies are in fact suffi ciently detailed to assess the frequency 
of punctuated equilibrium, but those that are suffi cient support a 
punctuated pattern. Hunt (2007) describes a novel quantitative 
approach that fi nds support for directional change in fewer than 
5 percent of assessed sequences, with the remaining 95 percent
nearly evenly divided between stasis and a random walk model.

Steve always emphasized that the only way to assess relative 
frequency is among entire clades or biotas (e.g., 1977c). The 
classic studies of large numbers of species include Hallam’s 
bivalves (1978); Kelley’s bivalves (1983, 1984); Cheetham and 
Jackson’s extensively documented bryozoans (Cheetham 1986,
1987; Cheetham and Hayek 1988; Cheetham and Jackson 1995;
Cheetham et al. 1983, 1984; Jackson and Cheetham 1990, 1994);
Stanley and Yang’s bivalves (1987); Prothero and Heaton’s 
mammals (1996); and the trilobites, corals, and brachiopods of 
the Hamilton group (Eldredge 1971; Pandolfi  and Burke 1989;
Lieberman et al. 1995; Brett and Baird 1995); all of which indi-
cate an overwhelming predominance of stasis and rapid change. 
Even in Lake Pannon, where we have found many cases of gradualism 
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among gastropods and bivalves, most mollusc species arise abruptly 
(Geary 1990, 1992, 1995; Geary et al. 2002).

Thus, while an interesting range of tempos and modes has been 
described—and I agree with Erwin and Anstey that we would do 
well to consider a variety of species-level processes—it does appear 
that when large, relatively unbiased samples are compiled, the 
pattern of PE is dominant. Although I think Steve was a bit soft 
on some case studies, I will give him the last word here. Writing 
about the predominance of the PE pattern, he expresses surprise 
that this “clear signal has not been more widely appreciated as the 
most decisive result in a quarter century of research and debate 
about punctuated equilibrium” (2002c, 854).

Lessons

Anyone who ever read “This View of Life” in Natural History magazine 
knows that for Steve, every creature (from siphonophore to seahorse, 
hyena to hen) carried with it lessons on many levels, often a lesson 
on how science works as well as a lesson on how evolution works. A 
lesson on how science works was a featured component of Eldredge 
and Gould’s 1972 debut paper, which begins: “In this paper we 
shall argue: 1) The expectations of theory color perception to such 
a degree that new notions seldom arise from facts collected under 
the infl uence of old pictures of the world. New pictures must cast 
their infl uence before facts can be seen in a different perspective” 
(1972e, 83). In that paper, Niles and Steve set out to give us a new 
picture (gaps may be real, stasis is data) and to remind us to consider 
our own biases. Tom Schopf, the editor of Models in Paleobiology (the 
1972 book in which punctuated equilibrium fi rst appeared), called 
the idea that theory dictates what one sees the “larger and more 
important lesson” of Eldredge and Gould (1972e; for further discus-
sion of perceptual bias, see Fortey 1985, 1988; Sheldon 1993; Erwin 
and Anstey 1995). One of the things that distinguished Steve was his 
emphasis on science as a human endeavor and his consistent self-
placement within, rather than apart from, the fray: “We readily admit 
our bias toward it [PE] and urge readers . . . to remember that our 
interpretations are as colored by our preconceptions as are the claims 
of the champions of phyletic gradualism by theirs” (1972e, 98).

The larger lesson of PE for how evolution works has always centered 
on the implications of the PE pattern for macroevolutionary 
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theory; “if species originate in geological instants and then do 
not alter in major ways, then evolutionary trends cannot repre-
sent a simple extrapolation of allelic substitution within popula-
tions. Trends must be the product of differential success among 
species” (Gould 1980c, 125). More than twenty years later, but 
in very much the same vein, Steve writes: “Punctuated equilib-
rium validates the hierarchical theory of selection. This hierar-
chical theory establishes the independence of macroevolution as 
a theoretical subject . . . thereby precluding the full explanation of 
evolution by extrapolation of microevolutionary processes to all 
scales and times” (2002c; also 1982f, 1995d; see Stanley 1975,
1979 for important early discussion of this topic; also Lieberman, 
this volume).

It is possible, of course, to believe in the predominance of PE 
as a pattern, without necessarily accepting the entire set of impli-
cations that Steve so forcefully laid out (Futuyma 1987, 1989;
Kitcher 2004). Conversely, it is possible to reject the pattern of 
PE, but still fi nd meaning in a hierarchical approach (e.g., Schopf 
1982; Maynard Smith 1983a, b, 1984; Hoffman 1989, 1992).

The last thirty-plus years of discussion give PE itself a history, 
which some authors view as transpiring in three stages (Gould 
and Eldredge 1986i; Gould 2002c; Dawkins 1986; Hoffman 
1989, 1992; Ruse 1992; Erwin and Anstey, 1995). In this view, 
the history of PE parallels von Baer’s (1866) characterization 
of the reception of unconventional ideas in science (Gould and 
Eldredge 1986i): fi rst, the idea is dismissed as false; second, the 
idea is rejected as against religion (in this case, Darwinism); and 
third, the idea is seen as the logical outcome of what was, in fact, 
known all along.

During Stage One, the basic pattern of rapid speciation and 
long-term stasis was described and debated (e.g., Gingerich 1974,
1976). Not everyone was convinced of the ubiquity or importance 
of the PE pattern (e.g., Levinton 1988; Hoffman 1989, 1992), but 
other issues moved to the fore after the 1970s.

By the 1980s, much of the focus had shifted to the implications 
of PE for evolutionary biology (the lesson for macroevolution). 
For detractors, a focal point for Stage Two was Steve’s (1980c) 
paper titled “Is a new and general theory of evolution emerging?” 
Herein, Steve emphasized a three-tiered hierarchy marked by 
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discontinuities between gradual, adaptive allelic substitution 
within populations and change at speciation (the “Goldschmidt 
break”) and between speciation and macroevolutionary trends 
(the “Wright break”). Steve characterized traditional views of the 
synthesis with the following statement from Ernst Mayr: “The 
proponents of the synthetic theory maintain that all evolution 
is due to the accumulation of small genetic changes, guided by 
natural selection, and that trans-specifi c evolution is nothing but 
an extrapolation and magnifi cation of the events that take place 
within populations and species” (Mayr 1963). Steve went on to 
argue that “if Mayr’s characterization of the synthetic theory is 
accurate, then that theory, as a general proposition, is effectively 
dead, despite its persistence as textbook orthodoxy.” (1980c, 
120). Mentioning death and the synthesis in the same sentence 
raised some hackles, to say the least, although critics took no 
notice of the ways in which Steve had qualifi ed his remarks (see 
further analysis of this statement in Allmon, this volume). Offput 
by this and other claims, Dawkins (1986) refers to the early 
1980s as PE’s “grandiloquent era,” Hoffman (1992) character-
izes Steve’s views as “indefensible,” and many others consider 
them at the very least overblown or extreme (e.g., Ruse 1992;
Erwin and Anstey 1995).

During the late 1980s and into the 1990s, Steve softened his 
rhetoric and spent considerable effort trying to explain what he 
had and had not meant. “Punctuated equilibrium is now quite 
acceptable, rather smaller in scope than once suspected, and a 
good, comfortable part (or perhaps, at best, a mild extension) of 
neo-Darwinism” (1986i, 145). The notion that PE now implied 
a modest expansion of neodarwinian theory rather than its 
burial, led his critics to characterize this fi nal stage as a retreat 
(Ruse 1992; Erwin and Anstey 1995). The following extract 
from Halstead (1985) typifi es the rancor with which his work was 
treated by some critics:

He seems to be setting up a face-saving formula to enable him to 
retreat from his earlier aggressive saltationism, having had a bit of 
a thrashing, his current tack is to suggest that perhaps we should 
keep the door open in case he can fi nd some evidence to support 
his pet theories so let us be “pluralist.” (Halstead 1985, 318)
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Steve refers to this three-fold history as an “urban legend” that 
he regards as “about as close to pure fi ction as any recent commen-
tary by scientists has ever generated” (2002c, 1006). Never at a 
loss for a pithy phrase, even when characterizing the rap against 
him, Steve suggests that various accounts of his own writings are in 
line with a classic theme of Western sagas: the “growth, exposure, 
and mortifi cation of hubris.” Or again according to his critics, the 
history of PE has proceeded as “modest origin, bombastic rise, and 
spectacular fall” (2002c, 1007). Steve’s deep frustration with this 
literature stems from what he sees as a misrepresentation of his 
views, particularly the 1980 paper. The misrepresentations, when 
repeated often enough, made his later denials sound like a retreat. 
For example, based on the quotations provided above (from Mayr 
1963, 1980c), it is often claimed that Steve declared Darwinism 
dead (e.g., Dawkins 1986). Steve’s subsequent efforts at clarifi ca-
tion (e.g., he intended only that “the synthesis can no longer assert 
full suffi ciency to explain evolution at all scales” (2002c, 1003)
probably still fall on some unsympathetic ears. Similarly, critics 
pounced upon Steve’s supposed endorsement of Goldschmidt 
saltationism (his original discussion was certainly more nuanced), 
claiming that he was also attempting to revise our notions of micro-
evolutionary mechanics.

In my view, Steve did not substantially change his message 
on the implications of PE. Much of his rhetoric may have been 
intended as a force for “disruptive selection,” if you will, to move 
a more critical mass of practitioners off of the conventional mode, 
in order to expand our collective view of the ways in which evolu-
tion works. Steve provoked his critics to be more explicit about the 
variety of processes acceptable under a neo-Darwinian umbrella 
and what one could and could not extrapolate from microevolu-
tionary processes. So did Steve go too far and then retreat? Or did 
the fi eld itself move and then claim it had been there all along? 
Did Steve set up a neo-Darwinian straw man, or were his own 
arguments so shallowly miscast as to constitute a ridiculous cari-
cature? This is not an issue one can decide by reading the deriva-
tive literature. Wherever one falls along this spectrum, however, 
we can acknowledge Steve’s contribution to putting these issues 
on center stage and forcing all sides to articulate their positions 
more clearly.
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Causes

It seems clear that the patterns predicted by PE have not changed, 
and most would agree that they have largely proven correct. 
Furthermore, I believe that Gould and Eldredge were consistent 
in their view of the lessons for how both science and evolution 
work. In important ways, however, there are basic elements of PE 
that have changed, or at the least, components of the theory about 
which we are less certain now than Gould and Eldredge were thirty 
years ago. In Structure (2002c), Steve concedes that the original 
formulations of PE were wrong in several ways. I focus here on two 
issues: whether or why signifi cant change happens exclusively at 
speciation, and the mechanisms behind stasis (in other words, the 
causes of punctuations and the causes of stasis).

Eldredge and Gould (1972e) viewed the cause of punctua-
tions as “a simple consequence of the allopatric theory.” Mayr’s 
allopatric model was the most widely accepted of the day, and it 
followed logically that evolutionary change in small, peripheral 
populations would transpire in a time frame that appeared instan-
taneous on geologic scales.

Furthermore, “the importance of peripheral isolates lies in 
their small size and the alien environment beyond the species 
border that they inhabit—for only here are selective pressures 
strong enough and the inertia of large numbers sufficiently 
reduced to produce the “genetic revolution” [Mayr 1963, 533]
that overcomes homeostasis” (1972e, 114). Mayr’s “genetic revo-
lutions” were thus a critical component of early versions of PE. 
Mayr’s argument was that the increased homozygosity typical of a 
founder population meant that “every gene may or will have a new 
selective value in the drastically altered genetic environment of 
the founder population” (Mayr 1963, 534). During the resulting 
“genetic revolution, the population will pass from one well-inte-
grated and stable condition through a highly unstable period to 
another period of balanced integration” (Mayr 1963, 538). Thus, 
Eldredge and Gould (1972e; also 1977c) were explicit about the 
fact that change, both morphologic and genetic, occurs predomi-
nantly at speciation.

By 2002, however, Steve frankly admitted that “advocating 
for a direct acceleration of evolutionary rate by the processes 
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of speciation” was a major error (2002c, 798–99). He sees the 
problem resolved, however, in a 1987 paper by Doug Futuyma, in 
which Futuyma makes the case that if there is a correlation between 
punctuations and speciation it is not due to an acceleration of rate 
at speciation. Instead, Futuyma argues that change can occur at 
any time during the life of a species, as evidenced by extensive 
observations of rapid adaptive change in local populations. Unless 
this change is locked in by the establishment of reproductive isola-
tion, however, it will be ephemeral. Change is only retained, or 
stabilized, when speciation via reproductive isolation occurs. In 
Futuyma’s words: “Reproductive isolation confers suffi cient perma-
nence on morphological changes for them to be discerned in the 
fossil record” (1987, 465).

Whether or not Futuyma’s explanation ultimately proves correct 
(or the frequency with which it does), the description of a mecha-
nism that incorporates both the punctuated pattern that geolo-
gists see and the prodigious variability and change that biologists 
see can be viewed as a positive outcome of PE. Writing in 2002,
Steve celebrates this as progress in his characteristically upbeat 
fashion: “Futuyma’s incisive  macroevolutionary  argument . . . offers 
a far richer, far more interesting, and theoretically  justifi ed ratio-
nale for correlating episodes of evolutionary change with specia-
tion” (2002c, 77).

Stasis, on the other hand, has clearly been easier to document 
than to explain. Steve’s views on the cause(s) of stasis changed in 
important ways. The early focus was squarely on developmental 
constraint and internal homeostatic mechanisms: “The coherence 
of a species, therefore, is not maintained by interaction among its 
members (gene fl ow). It emerges, rather, as an historical conse-
quence of the species’ origin as a peripherally isolated population 
that acquired its own powerful homeostatic system” (1972e, 114).
Thus, early views on the causes of stasis were linked to the causes of 
punctuations, and both had their roots in Mayr: “A genuine genetic 
revolution is characterized by a breakdown of genetic homeostasis 
through a loss or a reconstitution of previously existing balancing 
systems” (Mayr 1963, 539). (Mayr, however, has acknowledged that 
he never put such emphasis on long-term stasis [Mayr 1992].)

By 2002, however, Steve admits that criticism of these ideas was 
justifi ed and that he no longer believes that constraint plays a critical 
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causal role in stasis. He enumerates several possible causes of stasis, 
including “conventional” stabilizing selection (e.g., Charlesworth 
et al. 1982), habitat tracking (i.e., Eldredge 1995, 1999), and the 
restrictions imposed by subdivided populations (Lieberman and 
Dudgeon 1996) (2002c). Lieberman and Dudgeon’s proposal is that 
species are commonly subdivided into temporary, semi- autonomous 
populations, each of which may adapt to its local surroundings or 
be subject to drift. Over the entire lifetime of the species, however, 
local changes will be buffered by input from  elsewhere in the species 
range and stasis will prevail (see Eldredge et al. 2005; Lieberman, 
this volume, for further discussion). Steve was favorably inclined 
toward this latter type of explanation for stasis because he considers 
it more explicitly and irreducibly macroevolutionary (2002c). 
He admitted, however, that for the time being, the relative impor-
tance of various proposed causes remains unknown.

The movement away from constraint and homeostasis shifted 
our suite of explanations in an important way; we have gone 
from a view that “species cannot change” (except under unusual 
circumstances) to a view that “species can change (at least locally), 
but generally do not.” A number of authors (e.g., Williams 
1992; McKinney and Allmon 1995; Lieberman and Dudgeon 
1996; Sheldon 1996) view a lack of overall change (stability) as 
a “response” to a fl uctuating environment (or, as Steve put it, a 
“form of compromise” [2002c]).

Overall then, while the reality of the pattern is acknowledged, 
the causes of punctuations and stasis are not well understood. Yet 
this is not a failure of PE. On the contrary, one could argue that 
these uncertainties in our understanding are now more apparent 
and the questions better focused because of the debate over PE. 
Yet the situation forces us to take a careful look at the  implications
of PE. If the PE pattern prevails, but its original explanations were 
wrong or at best the causes are now uncertain, where does that 
leave us? Were Eldredge and Gould right for the wrong reasons? 
Or were they right (about the pattern) and the reasons don’t 
matter? In particular, do the reasons matter to a macroevolu-
tionary theory?

I would argue that the reasons do matter, that understanding 
the causes of stasis and punctuations is critical to the develop-
ment of a causal macroevolutionary theory. It is undeniable that 
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many generations of naturalists could study living organisms with 
no indication of the reality of the PE geometry, and this in itself 
defi nes a higher-level pattern. But the nature of the distinction 
between micro- and macrolevel processes must stem from causes. 
And while the PE pattern in and of itself serves to individuate 
species in geologic time, I think that our changing view of the 
causes of punctuations and stasis renders this individuation more 
descriptive and less causal than it was thirty years ago. The under-
lying biological nature of the micro–macro discontinuity was clearly 
stronger in earlier versions of PE, and has yet to be replaced.

PE does indeed validate a distinct macroevolutionary theory 
because it was not, nor could it have been, predicted from studies 
of microevolution. As argued by Francisco Ayala (a population 
geneticist):

the theory of population genetics is compatible with both punc-
tualism and gradualism; and, hence, logically it entails neither. 
Whether the tempo and mode of evolution occur predominantly 
according to the model of punctuated equilibria or according 
to the model of phyletic gradualism is an issue to be decided by 
studying macroevolutionary patterns, not by inference from micro-
evolutionary processes. (Ayala 1982)

In my view, however, our understanding of the distinction 
between micro- and macroevolutionary processes lags behind 
our rich, yet largely descriptive articulation of macroevolutionary 
pattern (e.g., Erwin 2000).

Most would agree, however, that Steve and Niles were successful 
in bringing a hierarchical approach to the table, into the language 
and thinking of evolutionary biologists and paleontologists, and 
that there is no question that this is an important legacy of punctu-
ated equilibrium. Overall, the degree to which irreducible higher-
level processes have been important in the history of life remains 
to be seen.

The legacy of punctuated equilibrium

Although Steve argued repeatedly that a hierarchical view of 
evolution was PE’s most important implication, there are many 
other important components to the legacy of PE. One is the body 
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of empirical evidence collected with the intent of proving or 
disproving PE. In their papers, Steve and Niles were always direct 
and honest about the limitations of the fossil record, but also clear 
and forceful in arguing for a role for paleontology in formulating 
our thoughts about speciation. Many interesting questions raised 
by PE and subsequent empirical work on the topic of species-level 
change have yet to be understood; important parts of this empirical 
legacy are yet to come. For example, anagenetic gradualism, even 
if relatively rare, is common enough to warrant better explanation 
(Geary 1995). Steve appreciates this in Structure (2002c): “I do not 
think we have even begun to explore the range of potential expla-
nations for the puzzling phenomenon of anagenetic gradualism. 
I, at least, fi nd the subject very confusing and challenging.”

There are many other unresolved issues regarding species-level 
change for which paleontological data are both well suited and 
necessary (e.g., McKinney and Allmon 1995).

Another important part of PE’s legacy is the dialogue that it 
fostered between evolutionary biologists and paleontologists. Of 
course, much of this dialogue could be characterized as conten-
tious. I would say, however, that ground has been given on all sides, 
and that this must represent progress. To put it more positively, 
the engagement itself (between biologists and paleontologists) is 
healthy, and as reasonable people have argued for many decades, 
is critical to the development of evolutionary thinking.

Although PE is specifi cally about change at the species level, 
a general acceptance of nonuniform rates of evolution across all 
levels is part of PE’s legacy. In Structure (2002c), Steve describes a 
broad range of studies, extending across evolutionary biology and 
on to many other disciplines, in which periods of stasis and rela-
tively rapid episodes of transition have been described and their 
recognition at least in part attributed to PE. Steve could not and 
did not claim to have invented the idea of rapid transformations, 
but certainly the extensive discussion and debate about PE helped 
put this notion into the popular lexicon.

Finally, in assessing the overall impact of his ideas, it has long 
seemed to me that much of Steve’s enthusiasm came from a deep 
satisfaction in simply stirring things up. From behind his “modest” 
proposal based on “conventional” ideas, came major challenges to 
evolutionary thinking. Steve clearly valued the unconventional and 
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the heterodox, and in the end seemed quite willing to do whatever 
was necessary to shake things up. As so nicely put by Allen Orr 
(2002): “Gould might well then represent something new in the 
historical strata of science: the fi rst self-consciously revolutionary 
scientist—the fi rst scientist who set out to create a revolution at 
least in part because he felt that the fi eld just needed one.” We can 
all read history and enjoy the perspective of hindsight, but it takes 
a special person to see one’s own moment clearly enough to be a 
real force for change.

A fi nal note

People like Steve don’t come along very often. I’m quite sure 
that I’ve never known anyone else even in his ballpark. A histor-
ical fi gure comes to mind as an apt comparison, who can, at the 
least, facilitate a few fi nal remarks about Steve. Although it seems 
unlikely that Steve will ever have an aircraft carrier named after 
him, there are nonetheless a number of similarities between Teddy 
Roosevelt and Steve Gould. An obvious one is that each had a 
long-term association with New York City, with important forays to 
Harvard University. Both men burst upon their respective political 
or academic scenes at very young ages. Both were simultaneously 
well situated within the elite of their political or academic circles, 
but carried unwavering sympathy for those less advantaged than 
themselves. Each man was a prolifi c writer; not everyone liked their 
writing styles. Their urban backgrounds were apparent in their 
morphologies, rendering them unlikely candidates for fi eldwork, 
but they persevered. Most importantly, each man was a force: a 
force of personality backed up by a real force of intellect. Each 
possessed abundant energy, an energy with deep roots tapped into 
a love of life, a love of the natural world, of history and biology, and 
a love of engagement (they weren’t afraid to mix it up a bit). Both 
men had exceptional personal courage, extending to a near disre-
gard for their own physical suffering or danger. In the early 1980s,
Steve was diagnosed with a highly virulent form of cancer, believed 
at the time to be invariably fatal. Steve approached his disease with 
characteristic zeal; he might have been the type specimen for a 
“positive attitude.” In the midst of his brutal treatment, when his 
body was uncharacteristically thin and immunologically compro-
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mised, he traveled to Arkansas to testify against creationism. Not 
surprisingly, the infection he contracted there nearly killed him. 
As we all know, however, he fought both the infection and the 
mesothelioma and survived another twenty years.

One hundred years ago, Teddy Roosevelt laid the groundwork 
for our system of national parks, codifying a view of humankind’s 
relationship to the wilderness that was novel, indeed antithetical to 
the views of most of his contemporaries. Today’s conservation move-
ment is an unavoidable part of the political landscape, and owes 
many of its roots, acknowledged or not, to Teddy Roosevelt. I am 
confi dent that Steve’s contributions, some acknowledged and some 
perhaps with their roots forgotten, will still be a fundamental part of 
the landscape of evolutionary biology 100 years from now.
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A Tree Grows in Queens

Stephen Jay Gould and Ecology

Warren D. Allmon, Paul J. Morris, 

and Linda C. Ivany

Introduction

Our interests and fascinations can be much more than just our 
idle diversions; they can affect what we do with our lives. If you like 
the color red, or playing the oboe, or driving a car, for example, 
these passions might lead your career in those directions. If your 
personal interest is popular or economically valuable, you may 
succeed in applying it vocationally. If it isn’t, but you’re a virtuoso, 
you may still succeed. But what if you’re a scientist and your inter-
ests must be put against an independent separate reality? The 
answer is that it’s not much different. Scientists largely pursue what 
they are interested in. Yet what if you set out to answer a scientifi c 
question and you’re just not interested in and/or not technically 
able to do what turns out to be what is necessary to fi nd the solu-
tion? It doesn’t matter how good you are if you’re wrong.

Steve Gould’s scientifi c and literary handling of ecology can be 
examined in this context. He just wasn’t personally interested in it. 
Given that he developed macroevolutionary theories that conspic-
uously excluded a major role for ecology, it is thus worth consid-
ering to what degree this personal inclination may have colored 
his theorizing in this direction, and to what degree it affected his 
reactions to data and theories which seemed to suggest ecology did 
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matter in macroevolution. Secondarily, Steve’s role as a popular 
natural history essayist eventually compelled him to address envi-
ronmental themes. Yet his lack of personal interest in the science 
of ecology, combined with his overarching humanistic passions, 
led him to create a “humanistic ecology” in his writing that lacked 
urgency in its calls for environmental conservation.

Steve’s technical macroevolutionary thinking did not leave 
much room for ecology: his emphasis on morphological stasis, 
internal constraint, and nonadaptationism de-emphasized the 
long-term effects of natural selection and biotic interactions in 
causing long-term evolutionary trends, which he attributed largely 
to the sorting of more or less static entities driven by processes 
only distantly related to local ecological factors; any trends that 
might become established, were likely to be derailed by the caprice 
of mass extinction. Here, however, we would like to explore the 
reverse argument, that Steve’s thoughts on ecology predated and 
strongly affected—or at least set the stage for—his later evolu-
tionary theorizing. It is possible, in other words, that one reason 
that Steve came to some of his conclusions about whether ecology 
“matters” in macroevolution was because he didn’t really give it 
much thought at all, and when he did think about it, it did not 
impress him. It would be ironic if this turned out to be the case, 
for Steve was conspicuously aware of the effects of personal bias in 
science (see discussion in Allmon, this volume), and even specifi -
cally criticized colleagues for committing “a classic psychological 
fallacy” in denying signifi cance to a phenomenon (in this case, 
species selection) “by confusing personal interest with general 
importance” (2002c, 711–12).

We, however, lack the hubris to see Steve as simply having 
fallen into the fallacy of confusing personal interest with general 
importance. The explanation is more complex. All three of us 
have struggled for many years, during and after our time as his 
students, with why he was not impressed with ecological inter-
actions, which to us seemed to be of evident importance for 
evolutionary theory. Although trying to understand the psycho-
logical underpinnings of someone’s scientific view point is 
always a dangerous endeavor, we believe that there is a reason-
able explanation for Steve’s views that is grounded in both his 
personal interests and in the fundamental underpinnings of 
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his approach to scientifi c problems. We believe that the near 
absence of ecology from Steve’s evolutionary theories was due 
to a combination of three factors: his personal disinterest in 
ecology, his view of ecology as limited to interactions on geologi-
cally short temporal scales, and to his perception of congru-
ence between environmentalism and the biases that he sought 
to expunge from science.

I. A tree grows in Queens

As anyone who has read Steve’s popular essays knows, he grew 
up as a “street kid” in “the middle of New York City” (e.g., 
1984e), Queens, more precisely, and he remained “a city boy at 
heart”(2000k, 152). Growing up in the city, he had little direct 
access to natural environments, and once described “nature to 
New York kids” as Central Park and Jones Beach (1995m; 1995k,
109). “My youthful ‘splendor in the grass’ was the bustle of build-
ings of New York. My adult joys have been walks in cities, amidst 
stunning human diversity of behavior and architecture . . . more 
than excursions in the woods. . . . I am not insensible to natural 
beauty, but my emotional joys center on the improbable yet 
sometimes wondrous works of that tiny and accidental evolu-
tionary twig called Homo sapiens” (1991a, 13). In this context, the 
following story strongly suggests that Steve’s New York City child-
hood was a major infl uence on his later views of ecology and the 
environment.

Kathy Hoy Burgess was a PhD student at Harvard studying insect 
ecology and also serving as a teaching assistant in Steve’s large 
lecture course, “The History of the Earth and of Life” (see Ross, 
this volume). In 1987 or 1988 (she cannot recall which), she met 
with Steve to discuss her thesis. Here is Kathy’s recollection of that 
meeting (we are very grateful to Kathy for sharing this memory 
with us):

Steve said, “Let’s get a cup of tea.” We were passing in the yellowed 
light and creaking wood of the hallway of the MCZ, and I must have 
looked surprised. He went on that he liked to go out with each of his 
students to hear about their work, and why didn’t we walk together 
down to [Harvard] Square? I don’t know whether I was more 
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shocked that Steve had time, interest, or [that he] considered me 
one of his students. I had taught in Steve’s class . . . a couple of years 
earlier, and had thoroughly enjoyed making use of my experience 
in geology and paleontology. As an  undergraduate at Dartmouth 
I had been a biology major, and had narrowly missed the chance 
for a double major with geology. Being part of the epic class was 
all I could ever have dreamed. Each graduate assistant could offer 
a study section of his or her own design, and Steve supported my 
“History of Plant and Animal Interactions” . . . Steve met with his 
[teaching assistant] team regularly to discuss teaching strategies 
and problem students, and I really couldn’t have had more fun. But 
off for tea, that was a treat.

The walk was long and so was the tea. I was researching the 
ecology of fl ower feeding, and focusing on insects that ate fl owers 
rather than leaves. I was now well into my dissertation work and 
had theory and fi eldwork to present. What is important to know 
is how active a listener Steve was, even on a topic that I was aware 
was not of keen interest to him. Without the shorthand of my fi eld, 
I had the rare challenge of proving the importance of my work to 
Stephen Jay.

The details of the day are dear to me. . . . I rested the monologue 
and asked something that I had been wondering: “From your work 
and your writing, it seems you are not very interested in ecology. 
Why is that?” I had a list of possible reasons. Unexpectedly, Steve 
told me a story, one he seemed to be just remembering as he told 
it. When he was a boy, perhaps eight or ten, he had found a tree 
seedling growing in a crack in the sidewalk in Queens. He knew 
that was a bad place for it so he carefully dug it out and got dirty 
in the process. He found a better place in a wide swath next to 
the sidewalk, pushed in the roots, and ran to get water for it. He 
cared for it for several days, bringing it cups of water after school. 
Then one afternoon he came to see the seedling crushed to the 
ground and broken. “That was it. It was too much effort.” After 
that, [he said,] he was not very interested in observing nature. 
The impressionistic vignette lingered, then I asked, if ecology—the 
interactions of living things and their environment—is not very 
interesting, where does that leave paleoecology? Steve considered 
a few moments, and said he would have to think about that. . . . The 
connection of ecology and evolution was an important issue for me 
as I moved between labs and faculty at Harvard. Even if Steve had 
no enduring interest in caterpillars, it was good to know that day 
that I made him think.
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We fi nd this to be an immensely interesting story; for Steve 
to give a very personal answer to a question in the midst of an 
intellectual discussion was not, at least in our experience, typical. 
Much like his essays, stories on a tangent about intellectually inter-
esting things he had encountered were usual starting points for an 
answer, but this sort of intense personal history, in our experience, 
was not. Each of the three of us frequently heard from Steve varia-
tions on the theme of “ecology isn’t interesting because it does 
little to inform evolutionary theory.” Kathy Hoy’s story, however, 
suggests an additional level to this argument: there was something 
about ecology in relation to individual organisms that simply didn’t 
interest Steve, that there was indeed a personal element of disin-
terest infl uencing his view of ecology.

II. Paleontology plus ecology as paleobiology

Early in his career Steve accepted that natural selection in local 
environments was important in guiding morphological form and 
trends in evolution (1970c) and was actively interested in how 
ecological communities were organized (1969h; see Bambach, 
this volume). With the publication of the theory of punctuated 
equilibrium in 1972, however, Steve began to doubt the hege-
mony of ecology in macroevolution. Still, in a paper published in 
1976, and revised in 1981 (1976c; 1981z), he did explore how 
ecology could matter to paleontology, if not necessarily to all 
long-term evolutionary patterns. Comparison of the two versions 
of this paper is instructive, for they span the period in which some 
of his most radical thinking and writing on macroevolution was 
taking place.

In the original paper, he credited much of the “transformation” 
of paleontology that took place in the 1970s to the infl uence of 
theoretical ecology, including population dynamics, island bioge-
ography, life history studies, and species interactions. Ecology, 
he said, can “encourage palaeontologists to study adaptation 
for its immediate signifi cance. Traditional palaeontology rarely 
worked at this level; it focused instead on the meaning of adapta-
tion as a contribution to long-term evolutionary trends. . . . If we 
are now treating immediate signifi cance seriously with these new 
themes, then almost every empirical study in palaeontology will be 
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conducted differently in the future” (1976c, 233). He even pointed 
to some of his own work (1977g) as “personal testimony” of the 
utility of this approach, and suggested that “adaptive morphology 
must be consulted for the solution of many problems in diversity” 
such as key innovations.

Yet even as these themes were now open to paleontologists, 
their long term signifi cance to macroevolution was less clear. 
Evolutionary trends, Steve ventured, are a “phenomenon that 
probably requires explanation at its own level.” This explanation 
was likely to be rooted in the implications of punctuated equilib-
rium (which, Steve frequently noted, he and Niles Eldredge had 
not completely grasped in 1972): “Events of speciation provide 
an essentially stochastic input to evolutionary trends. The trends 
themselves represent differential preservation and success of a 
subset of speciations. Trends cannot be explained in the ecolog-
ical time of speciation itself, but only in the evolutionary time 
of a higher-order ‘selection’ of speciation events. . . . The laws of 
ecology will not encompass trends, but they do set the speciations 
that serve as their building blocks” (1976c, 235–36). Thus, while 
Steve perceived important contributions from ecology to paleobi-
ology, he was clearly limiting them to the fi rst tier, to the imme-
diate adaptive context of individual organisms. A metaphor in The
Origin of Species that Steve frequently highlighted with his students 
is relevant here. On the penultimate page, Darwin writes: “It is 
interesting to contemplate an entangled bank . . . and to refl ect 
that these elaborately constructed forms . . . have all been produced 
by laws acting around us” (1859, 489). We think that the meta-
phor of “the entangled bank” was very refl ective of Steve’s views 
of the role of ecology in nature—the complex web of interactions 
between individuals of species with their own independent contin-
gent histories, histories that led to those particular individuals with 
their particular character suites happening to live together in that 
place and time, a result of their evolutionary histories.

Steve was particularly struck by the inappropriateness of the 
application of the ecological idea of succession to fossil sequences, 
both in discussions with his students (e.g., LCI and PJM both clearly 
recall Steve explicitly pointing out the inappropriate application of 
ecological succession to a stratigraphic sequence of corals) and in 
print: “Extrapolation from ecological to evolutionary time remains 
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a dangerous game,” he said, and the “concept of succession does 
not include replacement by evolution. The laws of scaling require 
different explanations at contrasting levels” (1976c, 236). These 
cautions were strengthened in the 1981 version, and he cited 
the work of Hansen (1978), Vrba (1980), and himself (1980c) 
in emphasizing “the inadvisability of simple extrapolation across 
levels of analysis” (1981z, 299). The use of succession as a “model 
for microtemporal change” in the fossil record would not work: 
“palaeobiologists must not uncritically extrapolate to their domain 
the models that operate so well in ecological time. Several postu-
lated ‘successions’ in the recent palaeontological literature prob-
ably span too long a time for proper application. . . . May we speak 
of true succession if most species disappear by total extinction 
rather than by local replacement?” (1981z, 303).

The 1981 version also included more on results of his involve-
ment in the so-called MBL studies (1973j, 1974i, 1977a; named for 
some of the work having been carried out at the Marine Biological 
Laboratory at Woods Hole, Massachusetts; see also Bambach, this 
volume) on stochastic factors in evolution. The “predominant 
impression” from these studies, he said “is one of conformity 
between patterns in real and random worlds” (1981z, 312–13). In 
other words, deterministic forces such as natural selection might—
at least occasionally—be less important in shaping long-term evolu-
tionary patterns than had been conventionally believed.

Particularly notable in the 1981 version is the emphasis on 
the end-Cretaceous extinction. He added a long paragraph that 
included the beginnings of what would eventually be a major 
theme: Explanations such as the Alvarez impact hypothesis (Alvarez 
et al. 1980), he said, “may point to a fundamental difference 
between reasons for local extinction in ecological time (primarily 
density-dependent) and mass extinction in geological time.” Steve 
implied, however, that there did need to be an ecological compo-
nent to such analysis (countering, at least at this stage, later criti-
cism (e.g., Erwin, 2004, 25) that he was completely uninterested 
in the ecology of mass extinction): “these catastrophic theories will 
not compel ascent until they can provide an ecologically reason-
able scenario for the differential patterns that characterize mass 
extinctions—a consideration notably lacking in papers by non-
biologists published so far” (1981z, 309).
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III. The hardening of his synthesis

The 1981 revision of “Ecology plus paleontology” marked the last 
time that Steve explicitly discussed in print any signifi cant evolu-
tionary role for ecological interactions. Throughout the 1980s
his views on the irrelevance of ecology for long-term evolutionary 
trends appeared to solidify and became more clearly integrated 
into his evolutionary theorizing. This seems to have been the result 
of at least two scientifi c (as opposed or in addition to personal 
interest) factors. First, he was clearly very impressed by the results 
of the MBL studies, which appeared to show that a large amount 
of pattern could be produced by non-deterministic processes. 
The inappropriateness of the application of succession to the 
fossil record also continued to impress him and to suggest that 
all application of ecology to long-term evolutionary patterns was 
suspect.1 Second, his increasing articulation of a hierarchical view 
of evolution logically excluded ecology as a major causal factor of 
macroevolution.

Many of his technical papers in the early 1980s express this 
nonecological theory of macroevolution. In a landmark paper with 
Brad Calloway, for example, Steve argued that the long-term conse-
quences of competition for major evolutionary patterns, such as the 
switch in dominance between brachiopods and bivalves following 
the Paleozoic, were minimal (1980j). “I have long felt,” he later 
wrote in one of his popular essays, “that images of balance and 
optimizing competition have been greatly oversold, that important 
and effectively random forces buffet the history of life, that most 
groups of organisms make their own way according to their own 
attributes, and that interactions among most groups are, on the 
broad scale of time in millions of years, more like Longfellow’s 
‘ships that pass in the night’ than the Book of Ruth’s ‘whither thou 
goest, I will go’ ” (1994n; 1995k, 100–101).

As Flannery (2002, 54) noted, Steve didn’t like Dobzhansky’s 
(1937) notion of adaptive peaks “because it cedes too much ground 
to natural selection and ecology.” Adaptive peaks, according to 
Wright (1931), Dobzhansky, and many others, explain the exis-
tence of discrete morphologies, such as dogs and cats, “because 
ecological niches exist for dog-like and cat-like creatures, but not 
for in-between kinds. Steve, however, argued that the two discrete 
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types owe their existence to historical constraint in the form of 
their own, separate inheritances from an ancestral dog-like and 
cat-like creature” (Flannery, 2002, 54). Indeed, Steve argued 
for the dominance of history over ecology as a controlling force 
because convergent evolution due to selection was not, in his view, 
very common. (Steve didn’t deny convergence happened, but he 
argued that when it did, it was also possibly explicable by structural 
and fortuitous factors [e.g., 1971i].) Steve eventually came to view 
the adaptive landscape, if he thought about it at all, as the conse-
quence of the contingent histories of species, and thus a product of 
their evolution rather than a cause. He argued this with particular 
enthusiasm of course in the case of the Burgess Shale (1989d). His 
views were countered by, among others, Conway Morris (2003),
who argued explicitly that convergence due to natural selection 
(i.e., ecology) was a major theme in the history of life.

Steve maintained that it was unlikely that ecology could affect 
long-term evolutionary patterns in part because he found it 
unlikely that environments and their selective regimes would 
remain constant over evolutionary time. This was one reason he 
thought that stabilizing selection was unlikely to be the main cause 
of stasis. An “evolutionary trajectory through a temporal series of 
environments encounters so many random effects of great magni-
tude,” he wrote, “that I expect historical individuality to over-
whelm coordination . . . I regard each species as a contingent item 
of history with an unpredictable future” (1994n; 1995k, 103). 
Steve acknowledged the ecological patterns of biotic interaction 
documented by Vermeij (e.g., 1977; 1987), but he did not see 
how they could be translated into evolutionary/geological time 
(1990e); the trends were both too ponderously slow and too tied 
to multiple contingent histories to be explicable in this way. Steve 
also questioned whether we really know how ecological communi-
ties are structured (1995u; 1998x, 404). If we don’t understand 
ecology, he reasoned, it is unlikely that we can apply it successfully 
to evolution.

This view reached its logical extreme conclusion with Steve’s 
three-tiered hierarchical theory of macroevolution (1985f): 
ecological interactions (which he termed “Darwin’s wedge,” in 
reference to Darwin’s Malthusian metaphor of the wedge [Darwin 
1859, 67]) clearly mattered in ecological time, but probably had 
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little effect on speciation (which he believed to be largely caused 
by stochastic accidents). Speciation, via punctuated equilibrium 
and sorting of lineages, was the most important source of long-
term evolutionary trends, and even these trends were upset by 
mass extinctions, which might at least occasionally (and in the 
mid-1980s it was thought that it might be much more frequently) 
be caused by extraterrestrial events clearly independent of the rela-
tive merits of ecological interactions or adaptations that character-
ized “normal times” during intervals of “background extinction.” 
His fi nal exposition of a hierarchical view of evolution (2002c) 
had toned down the effects of mass extinction, but still argued that 
trends due to sorting of species limited the long-term infl uence of 
species interactions with each other and the environment occur-
ring on ecological time scales.

Steve’s invocation of the metaphor of the wedge is particularly 
revealing. The metaphor invokes an image of many indepen-
dent entities, each competing for limited resources, each with its 
position determined by a contingent history of hammer blows. 
Interactions between wedges are fl uid and fl eeting, with only the 
long term fact of limited resources remaining unchanged. This is 
a metaphor of a brutal Malthusian ecology, fi t for the fate of the 
seedling on the sidewalk, a metaphor where the only ecological 
constant is limited resources, and where ecology can be relegated 
to a result rather than a cause of evolution. This seemed to be 
Steve’s view of ecology: the immediate biological context for the 
survival of individual organisms on short time scales.

Each of us recalls instances from our time as graduate students 
when Steve mentioned his lack of personal interest in ecology, and 
his pervasive doubts about the macroevolutionary signifi cance of 
ecology. In 1987, for example, Steve made his fi rst trip to Panama 
to visit Barro Colorado Island (as part of his duties as a member of 
the Smithsonian Council, on which he served from 1976 to 1988).
Upon hearing about the upcoming trip, one of us (WDA2) excit-
edly encouraged him to see as much of the rainforest as possible 
while he was there. Steve replied to the effect that yes of course 
he would see the forest, but he was really going because Panama 
offered a better view of Halley’s comet (see 1993l, 179–80). (He 
admittedly did have a keen interest in astronomy from childhood 
and several times went to great lengths to observe eclipses [see 
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1994t] and the collision of Shoemaker-Levy with Jupiter [1994v].)
In seminars and reading courses, Steve frequently commented 
that he thought paleoecology was little more than the descriptive 
application of modern concepts at the wrong temporal scales to 
the fossil record. We still wonder how much of these comments 
about “paleoecology as not important” was a refl ection of what 
he really thought and how much it was a pedagogical position to 
provoke a reaction from us (which it did; see below), but our gut 
feeling is that it was an expression of what he really thought.

We thus see Steve’s view of ecology as being a mixture of both 
personal disinterest and a relegation of ecology to operation on 
geologically short time scales, confi ned to fi rst tier interactions 
among organisms in the entangled bank, its organisms placed 
together in one place by their own historically contingent evolu-
tionary and biogeographic histories.

IV. A wolf at the door: Steve and environmentalism

In his technical writing, Steve was thus a professional doubter 
of the importance of ecology in the history of life. Yet his other 
professional life as popular natural history essayist made him a 
de facto spokesperson for not just evolutionary biology, but also 
biology and even science in general. In this second role, he was 
less than enthusiastic about using his bully pulpit for preaching 
about environmental issues, yet his position in the literary and 
popular science constellation eventually compelled him to address 
environmental concerns.

The fi rst obstacle to his embracing environmentalism in his 
popular writing was that he did not like, or even know how, to 
write conventional essays about the beauty and wonder of nature 
(what he called the “strange ways of the beaver tradition” of essay 
writing [1995u; 1998x, 394] ). He was, in contrast, more inter-
ested in a “humanistic natural history” (see further discussion 
in Allmon, this volume). Steve’s “personal theory about popular 
writing in science” divided the genre into two modes, which he 
called “Galilean, for intellectual essays about nature’s puzzles, 
and Franciscan, for lyrical pieces about nature’s beauty.” He 
was, he said, “an unrepentant Galilean” working “in a tradition 
extending from the master himself [Galileo], to Thomas Henry 
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Huxley in the last century, down to J. B. S. Haldane and Peter 
Medawar in our own. I greatly admire Franciscan lyricism, but 
I don’t know how to write in that mode” (1994t; 1995k, 10). “I do 
love nature,” he wrote, perhaps somewhat defensively, “as fi ercely 
as anyone who has ever taken up a pen in her service. But I am 
even more fascinated by the complex level of analysis just above 
and beyond . . . that is, the history of how humans have learned to 
study and understand nature. I am primarily a ‘humanistic natu-
ralist’ in this crucial sense. . . . That is, I am enthused by nature’s 
constitution, but even more fascinated by trying to grasp how an 
odd and excessively fragile instrument—the human mind—comes 
to know this world outside, and how the contingent history of the 
human body, personality, and society impacts the pathways to this 
knowledge” (1998x, 5).

Aesthetics also played an important role in this lack of interest 
in ecology. Although he said that “nothing matched the insight 
and satisfaction gained from seeing the whole earth as a resplen-
dent sphere in space” (1995f, 512), his tastes were clearly more 
attuned to humanism and less to nature: “I even believe—though 
I would not push the point, for the concept can too easily cede to 
human arrogance and a discounting of natural forms—that intel-
ligent reconstruction can ‘improve’ upon natural design (though 
only by the criterion of human aesthetic preference, the most 
parochial of all possible judgements)”3 (1998x, 3).

Second, ecology perhaps refl ected too many elements of unifor-
mity (of state) and determinism for Steve to be comfortable with 
the discipline. Near the beginning of each term in his “History of 
Earth and Life” course, Steve would write four words on the black-
board: Progress, Determinism, Gradualism, and Adaptationism. He 
described these four words as pervasive biases in science, and much 
of the course involved examination of episodes in the history of the 
earth and the history of science that illustrated these biases and the 
errors that arose from them. Indeed much of Steve’s writing also 
focused on refuting these four biases. Some elements of ecology, 
in particular ecology as viewed by environmentalists, embody all 
of these biases. For example, a view of environmental protection 
that holds any change to be a bad thing (e.g., any introduced 
species is an inherently a bad thing, any environmental degrada-
tion by human constructions is inherently a bad thing) implies 
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that the present is an optimal end point of progressive evolution. 
Exalting species as the epitome of specialized design produced 
over millions of years of evolution embodies adaptationism and 
progress. Projecting ecology into geological time scales can readily 
involve elements of adaptationism, gradualism and progress, and 
attempting to forecast the future state of environmental systems is 
fundamentally a deterministic exercise. We are not claiming that 
ecology as a discipline is, or was, dominated by these biases (some 
parts of the discipline, such as non-equilibrium dynamics or the 
application of cascades from complex systems theory, are explicitly 
not gradual, progressive, or deterministic). We do, however, suggest 
that Steve could easily have seen too many elements of ecology as 
refl ecting these biases, and thus they were anathema to him.

Third, and perhaps more important, Steve had genuine doubts 
about some of the substantive claims of modern environmen-
talism, and therefore seemingly could not convince himself that 
the environmental crisis was real, or at least that it was/is as big a 
crisis as some environmentalists suggested. For example, he did 
acknowledge that rainforests were “the appropriate focus of the 
environmental movement” because of their high species diversity4

(1993m; 1995k, 383), and stated that with the extinction of “too 
many” species, “the gloriously arborescent tree of life becomes a 
tawdry set of branches, far too sparse and all awry, with a layer of 
rot and decay at the base” (1995f, 514). Yet he also said he had 
trouble getting worked up about current biodiversity loss because 
we didn’t know how many species there are (e.g., 1993m). He 
devoted an entire essay (1997g) to the issue of invasive plants, 
remarkably concluding that they were not entirely a bad thing. 
That essay was criticized by Flannery (2002, 54) who noted that 
“what is astonishing about this argument is that it takes no account 
of ecology.”

Steve fi nally admitted that environmental themes had been 
“curiously underplayed, I must say in self-criticism” in his popular 
essays (1995k, x), and in the early 1990s he emphasized environ-
mental themes in several pieces. For example, he said that if we 
could recognize that we shared a very close genealogical connec-
tion to other species, especially apes, then “We will be a bit freer, a 
bit more enlightened, a bit readier to work for planetary preserva-
tion with the rest of kindred life” (1992r; 1995k, 400). He noted 
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with sadness the loss of the blaauwbock, or blue antelope, which 
became extinct in 1799, just thirty-three years after its formal 
description—the fi rst known extinction of a large-bodied terres-
trial mammal species in historic times (1993q; 1995k, 272). And 
wrote with some measure of disgust about those who had hunted 
animals like the dodo, the passenger pigeon, and the Galapagos 
tortoises to extinction or near extinction simply because they were 
easy prey and no thought was given to their precipitous decline 
(1991, reprinted in 1993). Yet, in describing the fi rst documented 
extinction of a marine invertebrate animal, a group thought to 
be relatively immune to extinction, he seems to take satisfaction 
in pointing out that here we were not to blame. It was simply a 
case of extinction of a specialized animal, the limpet Lottia alveus,
whose habitat was radically altered by a natural contingent turn 
of events (infestation and die-back of their seagrass host). The 
limpet was simply unlucky, and went the way of many before it. 
Admittedly, though, at the close of the essay he suggests that the 
extinction of this limpet may be a harbinger for things to come, a 
“warning against [our] complacency” because it lived “in a realm 
of supposed invulnerability” and yet met with extinction even 
without our help (1991o).

His major statement on environmentalism, however, came in a 
1990 Natural History essay (1990s; restated in part in a later short 
book chapter, 1995f ) in which he made a twofold argument. First, 
he said that, despite the claims of the environmental movement, 
humans will and can have no long-term effect on the Earth, because 
planetary and human time scales are so different. The notion 
that “[h]umans must learn to act as stewards for this threatened 
world” is, he said, “rooted in the old sin of pride and exaggerated 
self-importance. We are one among millions of species, stewards 
of nothing. By what argument could we, arising just a geological 
microsecond ago, become responsible for the affairs of a world 
4.5 billion years old, teeming with life that has been evolving and 
diversifying for at least three-quarters of this immense span?” Such 
an idea makes sense, Steve maintained,

if we, despite our late arrival, now held power over the planet’s 
future. But we don’t, despite popular misconceptions that we 
might. We are virtually powerless over the earth at our planet’s 
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own geological timescale. . . . [after the K-T extinction] the earth 
survived . . . and, in wiping out the dinosaurs paved the road for 
the evolution of large mammals, including humans. We fear global 
warming, yet even the most radical model yields an earth far cooler 
than many happy and prosperous times of a prehuman past. We 
can surely destroy ourselves, and take many other species with us, 
but we can barely dent bacterial diversity and will surely not remove 
many species of insects and mites. On geological scales, our planet 
will take good care of itself and let time clear the impact of human 
malfeasance. (1990s; 1993l:47–48)

Perhaps for Steve, as for many other Earth scientists (including 
ourselves), this fatalistic but long-ranging view actually can offer 
a bit of solace in what otherwise could be seen as an ultimately 
hopeless situation for global biodiversity. While it may make him 
sound insensitive to the ongoing human crisis, the statement is 
most certainly correct on long time scales.

Second, he said that environmental degradation mattered 
precisely because it is occurring at our time scale: “We cannot 
threaten at geological scales, but such vastness has no impact upon 
us. We have a legitimately parochial interest in our own lives, the 
happiness and prosperity of our children, the suffering of our 
fellows” (1990s; 1993l, 47–48). We should not protect species 
and their environments, Steve said, “because we fear for global 
stability in a distant future not likely to include us. We are trying to 
preserve populations and environments because the comfort and 
decency of our present lives, and those of fellow species that share 
our planet, depend upon such stability” (1990s; 1993l, 47–48).

From these two arguments, Steve reached a conclusion and 
recommendation for the future that revealed much about his 
views of environmentalism, and perhaps also about his reasons for 
not embracing it more enthusiastically. Steve, the “street kid” and 
grandson of poor immigrants clearly found the  socioeconomic back-
ground of many modern environmentalists deeply distasteful:

We must squarely face an unpleasant historical fact. The conser-
vation movement was born, in large part, as an elitist attempt 
by wealthy social leaders to preserve wilderness as a domain for 
patrician leisure and contemplation. . . . We have never entirely 
shaken the legacy of environmentalism as something opposed to 
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immediate human needs, particularly of the impoverished and 
unfortunate. . . . Environmental movements cannot prevail until 
they convince people that clean air and water, solar power, recy-
cling, and reforestation are best solutions (as they are) for human 
needs at human scales—and not for impossibly distant planetary 
futures. (1990s; 1993l, 47–48)

Steve’s phrase “we fear for global stability in a distant future” 
embodies a perspective of ecology as deterministic (with the ability 
to predict states in the distant future) and static (with change from 
a perceived current stable state as being worrisome), a perspec-
tive clearly at odds with the fundamental underpinnings of his 
approach to science. If ecology is simply the entangled bank of 
interactions that emerges from the converging history of species 
living in one place, then it must be so complexly dependent on 
contingent histories as to be unpredictable when scaled into 
geologic time. From the human centered bias of the present as the 
peak of natural progress, any change from stable ecological states 
must be a bad thing, but from the perspective of geologic time, 
ecological change and extinction are the normal and expected 
processes. Environmentalism, from Steve’s perspective, was in 
many ways fundamentally at odds with the biases he spent his 
career trying to expunge from science.

V. Coordinated stasis

In the spring of 1992, two of us (PJM and LCI) participated in a 
reading course with Steve, together with fellow graduate students 
David Kendrick, Ken Schopf, Loren Smith, and Peg Yacobucci. The 
readings focused on important papers in paleobiology published 
between 1900 and 1980, and included, concomitant with our 
interests, several examples from the early work in paleoecology. 
At this juncture of the course, it became clear that Steve’s view of 
paleoecology was that it was little more than the descriptive appli-
cation of concepts drawn from modern ecology theory, usually at 
the wrong temporal scales, to the fossil record—a sort of “we can 
do it too” mentality that contributed no new insights into evolu-
tionary process or cause.

Coincidentally, over this same interval of time, Ivany, Morris, 
and Schopf had been joining Carlton Brett, then at the University 
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of Rochester, and his students on a number of fi eld trips to the 
Paleozoic rocks of New York State. On these occasions as well as 
during several formal invited lectures at Harvard, we were exposed 
to Carl’s thoughts about the nature of faunal assemblages in 
these rocks and how they change over time. Carl was convinced 
that ecological assemblages and the taxa that comprise them 
exhibited what he called coordinated stasis (see, e.g., Brett and 
Baird 1995), wherein change seemed to be intermittent, abrupt, 
and separated by long intervals of stasis across the vast majority 
of taxa. The juxtaposition of Steve saying that paleoecology had 
nothing to offer evolutionary theory and Carl’s observations about 
coincident punctuated equilibrium among many coexisting taxa 
in ecological assemblages fomented the development of what we 
called “ecological locking” (thanks to Loren Smith for the term!) 
(Morris et al. 1995). We argued that ecological interactions within 
well-established assemblages were capable of limiting evolutionary 
change in the component taxa. In developing ecological locking, 
we were trying in particular to address the need (spurred by 
Steve’s comments) for mechanistic links between macroevolution 
and selection, and this was one of the main drivers behind the 
“spaghetti diagram” in the Morris et al. paper.

Over the course of the spring of 1992, Ivany, Morris, and Schopf 
spent lots of time whispering in corners (at least that is how it felt 
to us; Steve’s students were almost always very open about what 
they were working on), sketching out ideas about how ecological 
systems might scale into geological time to explain the apparent 
patterns of coordinated stasis. Late in the spring we brought 
ecological locking as a relatively complete concept to Steve ( just 
the four of us in the seminar room with a blackboard) by means 
of an extended version of the “spaghetti diagram.” A key point we 
made in that meeting (again driven by his earlier comments about 
ecological time scales and geological time scales being different) 
was that there could be and probably were ecological dynamics 
working on population-level time scales that were capable of 
producing long term patterns that would be visible on the time 
scales preserved in the fossil record. A very strong undercurrent in 
that meeting was the three of us telling Steve that he was wrong—
that paleoecology was important and that it had important things 
to say about evolutionary processes.



Figure 4.1. Morris et al. The Challenge of Paleoecological Stasis: Reassessing Sources of Evolutionary Stability. Proceedings of 
the National Academy of Sciences USA, Vol. 92, 11269–273, Copyright 1995 National Academy of Sciences, U.S.A.



 Stephen Jay Gould and Ecology  165

After that meeting, the concepts of coordinated stasis and 
ecological locking were more generally discussed around the lab. 
Steve was very encouraging about our working out how to publish 
our ideas. He suggested Proceedings of the National Academy of Sciences
as a venue, and offered to put forward the paper as a member. He 
was also very encouraging to us in thinking about how ecological 
locking might help to explain other macroevolutionary patterns 
(such as onshore/offshore patterns; e.g., Jablonski and Bottjer 
1990). This encouragement contributed to the ultimate orga-
nization and publication of a symposium on coordinated stasis 
and related ideas at the 1994 national meeting of the Geological 
Society of America (Ivany and Schopf 1996). During all of this, 
we had the sense that he didn’t think that we were right in the 
details, but that there were ecological sorts of things he had to go 
off and think about some more (and work into his tiered view of 
the world). Judging from his later discussions of ecology, it seems 
that he did indeed think about it, and decided that ecology was 
still something to relegate to the fi rst tier. Nonetheless, he devoted 
some space to it in Structure (2002c, 920).

VI. Does ecology matter?

Steve thus had both personal and technical reasons for de-
emphasizing the importance of ecology in his world view and 
evolutionary theorizing. Whatever the origins of these views, 
however, they do not currently appear to be very popular, even 
among colleagues generally friendly to Steve’s ideas. Steve’s 
co-advocate for the importance of stasis, for example, has long 
argued for a major role for stabilizing selection in maintaining 
that apparently pervasive pattern (e.g., Eldredge 1985, 1989;
Eldredge et al. 2005). Other authors who are generally amenable 
to the punctuated view of evolution are also comfortable granting 
to ecology a larger role in macroevolution (e.g., Stanley 1979;
Vrba 1980; Jackson 1988; Bambach 1993, 1999; Allmon, 1994;
Kelley and Hansen 2001; Jablonski 2005). Although mass extinc-
tion is now widely recognized as a major factor in the history of 
life, Steve’s extreme view of mass extinction as an independent 
tier of macroevolutionary process largely detached from events 
and processes in ecological time has generally not fared well, and 
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the study of recovery from mass extinction is almost completely 
an ecological subject (e.g., Hart 1996; Lockwood 2004, 2005;
Payne 2005). As Erwin puts it:

I have little qualm with Steve’s analysis of the evolutionary signifi -
cance of mass extinctions, but the ecological poverty of his analysis 
is particularly evident in this discussion [in Structure]. Steve has long 
had a particular aversion to the inclusion of G. Evelyn Hutchinson’s 
ecological play in his evolutionary theater. Yet all macroevolu-
tionary events, mass extinctions chief among them, play themselves 
out through macroecological processes. Changing biogeographic 
patterns, competition between species or clades, and the acquisi-
tion of resources and space matter for macroevolution as much 
as microevolution, albeit at a different spatial and temporal scale 
(hence macroecology). Without inclusion of these processes we 
have little likelihood of understanding either mass extinctions or 
the biotic rebounds that follow them, and their exclusion ultimately 
renders Structure fascinating but incomplete as a new theory of 
macroevolution. (2004, 25)

Although, as Steve long maintained, “evolutionary paleo-
ecology” may not yet have a fully coherent body of its own 
theory, research results continue to appear regularly in the 
recent paleobiological literature on how ecology may affect 
macroevolutionary change (e.g., Dietl et al. 2000; Sepkoski 
et al. 2000; Connolly and Miller 2001, 2002; Allmon and Bottjer 
2001; Kowalewski and Kelley 2002; Todd et al. 2002; Kelley et al. 
2003; Peters 2004; Finnegan and Droser 2005; Jablonski 2005;
Aberhan et al. 2006). Even within his own sphere of hierar-
chical macroevolution, Steve may have missed “a good bet by 
overlooking so much of ecology,” says Jablonski (2002, 370): 
if, for example, “geographic range or rarity are species-level 
traits or are at least likely to confer emergent fi tness, then the 
burgeoning fi eld of macroecology is rich in potential cases of 
species selection.”

Steve had a very clear understanding of the scope of geologic 
time, and for him, ecological processes occurred on time scales 
far too short to affect long term macroevolutionary patterns. 
Ecological time, while long on human terms, was fl eeting in a 
geological context, and became simply part of the fl uid selec-
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tive context of individual species. For Steve, Darwin’s metaphors 
of the entangled bank and the wedge suggested that although 
ecology was the immediate environmental context for individual 
organisms, it was the largely the result of their independent 
contingent evolutionary histories, rather than a cause of evolu-
tionary change. The extension of ecology beyond such histori-
cally contingent interactions seemed to Steve to fall afoul of 
the biases of science that he spent his career fi ghting, such as 
determinism and uniformity. Furthermore, views held by some in 
the environmental movement of the ecological consequences of 
human environmental degradation in particular seemed to Steve 
to be futile deterministic attempts to predict the future state of 
an unpredictably complex system. That little tree that lived, and 
died, in Queens may well have inspired some of Steve’s attempts 
to transform evolutionary theory. So far, however, that transforma-
tion has not included the relegation of ecology to the ash heap of 
macroevolutionary causes.
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Stephen Jay Gould’s Winnowing Fork

Science, Religion, and Creationism

Patricia H. Kelley

Gould and the Creationists

One of the fi rst things I remember seeing, when I moved into 
my graduate student offi ce a few doors down the hall from Steve 
Gould’s, was a clipping posted in the hallway with an alarmist title 
proclaiming that Gould had disproved evolution. I was a bit taken 
aback; I had come to Harvard to study paleontology with Stephen 
Jay Gould, and I began to wonder what I had gotten myself into!

I didn’t waste too much time before asking Steve about the 
article. He greeted my query with a chuckle; I don’t remember 
his exact reply, but it was something like, “Those silly creationists, 
thinking punctuated equilibrium supports their views. Of course 
it does nothing of the sort.”

It was 1975, a few years after the publication of the seminal paper 
introducing the concept of punctuated equilibrium (1972e), and 
at the time Steve’s reaction struck me as one of mild amusement 
and perhaps a little pride that his work had become well known 
enough to attract creationists’ attention. And yet over the next few 
years Gould’s attitude toward creationism seemed to go through 
its own evolution from this initial stage of amusement to one 
of irritation to outright animosity towards creationism. Indeed, 
Gould became one of creationism’s harshest critics, testifying in 
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the McLean v. Arkansas evolution-creationism balanced treatment 
case and lashing out against creationism in numerous popular 
essays, particularly through his monthly venue in Natural History
magazine. Indeed, this acrimony is still evident in The Structure of 
Evolutionary Theory (2002c). Why such personal animosity?

Gould’s rancor toward creationism was spurred by the misuse 
of punctuated equilibrium to support creationist tenets, either 
by confl ating punctuated equilibrium with Goldschmidt’s salta-
tionism or by using it to claim that the fossil record contains no 
intermediates between higher taxa. Decades later, Gould (2002c)
refl ected on the treatment of his ideas by creationists, citing half a 
dozen creationist references that distorted or misquoted his work. 
For instance, Gould (2002c, 987) cited a pamphlet titled “Harvard 
scientists agree: Evolution is a hoax!!!” (perhaps the very item I 
saw posted outside Steve’s offi ce door?) that claimed “the facts of 
‘punctuated equilibrium’ . . . fi t the picture that Bryan insisted on, 
and which God has revealed to us in the Bible. Every species of 
organism was separately created during the six ‘days’ of creation.” 
Another creationist work quoted by Gould (2002c, 987) claimed 
that the repudiation of gradualism by “the new theory of punctu-
ated equilibrium brings the thinking of science remarkably closer 
to the biblical view. It is notable that the more evidence scientists 
discover (or fail to discover), the closer scientifi c theory moves 
toward the unchanging biblical pattern.”

In a telling statement in Discover Magazine, Gould (1981f, 36)
commented, “creationists rely upon distortion and innuendo to 
buttress their rhetorical claim. If I sound sharp or bitter, indeed 
I am—for I have become a major target of these practices.” Gould 
responded to such attacks by taking every opportunity to expose 
creationist approaches as “modern pseudoscience” and “intellec-
tual dishonesty.” For instance, in a Natural History essay on the 
refutation of fl ood geology in the early 1800s (reprinted in The
Flamingo’s Smile), Gould (1985o, 124) stated, “Modern creation-
ists . . . do no fi eld work to test their claims (arguing instead by 
distorting the work of true geologists for rhetorical effect) and will 
not change one jot or tittle of their preposterous theory.” Gould 
used an essay on Nebraska Man (reprinted in Bully for Brontosaurus)
to contrast the self-correcting process of science with the approach 
of creationists, concluding that “The world of creationism is too 
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imbued with irrefutable dogma, and they don’t seem able even 
to grasp enough about science to put up a good show in imita-
tion” (1991n, 447). Gould repeatedly drew a distinction between 
true science, which is based on hypothesis testing, and creation 
“science,” the tenets of which are untestable and based on biblical 
literalism.

Gould’s Winnowing Fork

His winnowing fork is in his hand, and he will clear his threshing 
fl oor and gather his wheat into the granary, but the chaff he will 

burn with unquenchable fi re.

(Matt. 3:12)

John the Baptist’s metaphor of impending judgment in the third 
chapter of Matthew’s gospel strikes me as an apt image to describe 
Gould’s differentiation of creationism and religion. Although 
his bitterness toward creationism might have led to an overall 
animosity toward religion, the unquenchable fi re of Gould’s vitri-
olic chastisement of creationism did not extend to religion in 
general. Perhaps remarkably for a nonbeliever, Gould was able to 
winnow the chaff of creationism from the wheat of religion. Gould 
realized from the start that creationism was not synonymous with 
religion, writing that creationists have been “disowned by leading 
churchmen of all persuasions, for they debase religion even more 
than they misconstrue science” (essay on “A Visit to Dayton,” 
reprinted in1983d, 275). Gould’s essays repeatedly assert that the 
enemy of science is not religion, but irrationalism, dogma, and 
intolerance (see, for example, 1985o, 125).

Gould’s attitude toward religion is best expressed in his 1999
book Rocks of Ages: Science and Religion in the Fullness of Life. In this 
short volume, Gould expanded on a 1997 Natural History article in 
which he defi ned the principle of “nonoverlapping magisteria” or 
NOMA (magisterium signifying a “domain of authority in teaching”; 
i.e., a “site for dialog and debate”). Gould (1999n) argued that 
science and religion represent separate and nonconflicting 
realms; science deals with the empirical realm, developing theo-
ries to explain the observed facts of nature. Religion, as described 
by Gould, represents the moral realm, addressing questions of 
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ultimate meaning and value. According to him, both magisteria 
are necessary for human fulfi llment.

Under the NOMA principle, the relationship between science 
and religion should be characterized by “respectful noninterfer-
ence” as well as “intense dialogue” between the two magisteria. 
According to this view, there should be no inherent conflict 
between the two magisteria; instead, apparent confl ict occurs 
when the principle of NOMA is violated by either side, for instance 
when scientists draw moral conclusions from their fi ndings or 
when creationists impose their dogma on the magisterium of 
science. Gould (1999n, 209–10) castigated as violators of NOMA 
both scientist colleagues “who tout their private atheism . . . as a 
panacea for human progress against an absurd caricature of ‘reli-
gion’ ” and creationists who “try to suppress the uncomfortable 
truths of science.”

Gould’s Rocks of Ages might be viewed as a manifestation of a trend 
of expanding interest in the relationship of science and religion. In 
recent years, scientifi c societies, such as the American Association for 
the Advancement of Science and the National Academy of Sciences, 
opened science-religion dialogues; publications on the subject have 
burgeoned; institutions have been established to address the issue 
(e.g., the Chicago Center for Religion and Science and the Center 
for Theology and Natural Sciences in Berkeley); and universities 
such as Cambridge, Oxford, and Princeton have made joint faculty 
appointments in science and theology (see Easterbrook 1997, and 
Bryan 1999, for summaries). Newsweek magazine even went so far 
as to publish an article titled “Science Finds God” (Begley 1998). 
Widely differing views of the relationship have been propounded, 
ranging from the notion that science and religion are inherently 
confl icting to the idea that the two should be fully integrated. 
Ian Barbour (1990; 1997) has provided a convenient, if perhaps 
simplistic (Bryan 1999), taxonomy for existing views concerning 
the relationship of science and religion. Barbour classifi ed views of 
science and religion into the four categories of confl ict, indepen-
dence, dialogue, and integration.

The view of science and religion as irreconcilably confl icting 
is prevalent in American society today (Kelley et al. 1999). In my 
own teaching experience, which has been mostly in the southern 
United States, students entering my class frequently have had the 
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preconceived notion that science and religion are incompatible 
and that they must either make a conscious decision to reject 
science or to reject religion (Kelley 1999; see also Gibson 1999).
As described by Gould (1999n), this notion of warfare between 
science and religion was popularized in the late nineteenth 
century by books written by Andrew Dickson White and John 
William Draper. Interestingly, this view has been perpetuated by 
both scientists (e.g., the scientifi c materialism of zoologist Richard 
Dawkins) and by young-earth creationists who require a suppos-
edly literal reading of the Bible (Barbour 1990). Gould repeatedly 
argued against the view that science and religion are inherently 
confl icting, emphatically stating, “No battle exists between science 
and religion” (1991a, 400). Much of Rocks of Ages is devoted to 
reinforcing this point.

Gould’s NOMA principle occupies a middle ground on the 
continuum of views concerning the relationship of science and 
religion. Using Barbour’s (1990; 1997) taxonomy, the NOMA prin-
ciple represents the “independence” category (Bryan 1999), in 
which the two fi elds are considered distinct, with science confi ned 
to the empirical realm and religion to the moral realm. Obviously 
this view is not unique to Gould; for instance, a resolution by the 
National Academy of Sciences in 1981 (see National Academy of 
Sciences 1984, 6) stated, “Religion and science are separate and 
mutually exclusive realms of human thought whose presentation 
in the same context leads to misunderstanding of both scientifi c 
theory and religious belief.” This view of science and religion as 
independent has been criticized as a sort of “coward’s way out,” a 
means of avoiding controversy. Gould (who was never one to avoid 
controversy) anticipated this criticism, writing (1999n, 9–10), 
“NOMA represents a principled position on moral and intellec-
tual grounds, not a merely diplomatic solution.” Indeed, he chas-
tised those who adopt an avoidance strategy in which neither side 
engages the other in debate (1999n, 220–21).

Under NOMA, Gould (1999n) advocated that the relation-
ship between science and religion should be characterized by 
“intense dialogue.” NOMA thus appears to also share some 
aspects of Barbour’s third category, “dialogue.” Barbour (1990,
17) suggested that “for many scientists, exposure to the order of 
the universe, as well as its beauty and complexity, is an occasion 
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of wonder and reverence,” which opens the scientist to religious 
answers. Barbour thus envisioned dialogue as taking place at the 
boundary of science and religion, a boundary that Gould (1999n)
described as complexly interdigitating at all scales. For Gould, 
addressing of the “interesting questions” requires contributions 
from both magisteria, through the vehicle of “talking to each other 
in mutual respect” (1999n, 211). When this occurs, “science can 
then forge true partnerships with philosophy, religion, and the 
arts and humanities, for each must supply a patch in that ultimate 
coat of many colors, the garment called wisdom” (1999e, 2087).

Barbour (1990) suggested that the dialogue of science and reli-
gion can be fostered by consideration of their respective methodol-
ogies, and he reviewed claims of methodological parallels between 
science and religion. Despite arguments that science is not as 
objective as once thought and that it is “theory-laden” and depen-
dent on prevailing paradigms (views with which Gould would have 
agreed wholeheartedly), Barbour (1990, 23) concluded that the 
methodological distinctions between science and religion are still 
valid: “The kinds of data from which religion draws are radically 
different from those in science, and the possibility of testing reli-
gious beliefs is more limited. . . . Religious belief must always be seen 
in the context of the life of the religious community and in rela-
tion to the goal of personal transformation.” Gould (1999n, 210)
supported the methodological distinctions between science and 
religion: “NOMA honors the sharp differences in logic between 
scientifi c and religious arguments.” Nevertheless, dialogue must 
still occur.

Barbour’s fourth category is integration, a view that advocates 
direct interaction, even fusion, between the realms of science 
and religion (an approach Gould, 1999n, termed “syncretism”). 
Syncretism often relies on arguments based on apparent design 
in nature (which in a previous century would have been referred 
to as “natural theology”). Modern incarnations of design argu-
ments include “intelligent design,” which argues that the “irreduc-
ible complexity” of nature requires the existence of a “blueprint” 
and the actions of an “intelligent agent” (see Scott, 2004b, for a 
concise summary of the main ID arguments). Despite its avoid-
ance of overtly religious terminology, ID appears to many as simply 
another vehicle to slip creationist views into the public school 
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curriculum (Numbers 1998; Bryan 1999; Forrest and Gross 2005;
see also the decision in the Kitzmiller et al. v. Dover Area School District
by Jones 2005).

A related concept is the anthropic principle, which exists in 
a bewildering array of forms (e.g, Weak Anthropic Principle, 
Strong Anthropic Principle, Participatory Anthropic Principle, 
Final Anthropic Principle) discussed at length by Barrow and 
Tipler (1986). The Weak Anthropic Principle (WAP) was defi ned 
by Barrow and Tipler (1986, 16) as “The observed values of all 
physical and cosmological quantities are not equally probable but 
they take on values restricted by the requirement that there exist 
sites where carbon-based life can evolve and by the requirement 
that the Universe be old enough for it to have already done so.” 
Gould (1999n, 218–19) dismissed the WAP as “utterly trivial,” 
stating, “The weak version only tells us that life fi ts well with 
nature’s laws, and couldn’t exist if the laws were even the tiniest 
bit different. Interesting, but I see no religious implications.” The 
Strong Anthropic Principle (SAP) states “The Universe must have 
those properties which allow life to develop within it at some stage 
in its history” (Barrow and Tipler 1986, 21); it has been used to 
argue that the unique set of conditions and circumstances that 
makes our universe habitable requires the existence of an intel-
ligent creator. Gould (1999n, 219) argued against the illogic of 
this conclusion drawn by SAP.

What Did Gould Get Right?

Although the NOMA principle has been criticized for presenting 
a simplistic view of the relationship between science and reli-
gion, I believe Gould to be fully correct in insisting that science 
and religion are not inherently incompatible. In an essay on the 
Huxley-Wilberforce debate reprinted in Bully for Brontosaurus,
Gould (1991n, 400) observed that “many prominent  evolutionists
have been devout, and many churchmen have placed evolution 
at the center of their personal theologies.” Indeed, a recent 
Paleontological Society Short Course (Kelley et al. 1999) on 
the evolution/creationism controversy included presentations 
by several geologists who are persons of faith (Bryan, Bambach, 
Young, Dodson, and Kelley are those known to me to be  practicing
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Christians). Several books have been published in recent years 
by other paleontologists and evolutionary biologists who fi nd no 
confl ict between their faith and science (e.g., K. R. Miller 1999;
K. B. Miller 2003; Godfrey and Smith 2005). According to a recent 
poll, approximately 40 percent of biological and physical scientists 
(including mathematicians) consider themselves to be believers, a 
result remarkably consistent with that of a similar poll conducted 
in 1914 (Larson and Witham 1997, 1999). Public avowals of faith 
by prominent scientists are becoming commonplace (see summary 
in Easterbrook 1997). Thus religious belief is not inimical to the 
practice of science.

Gould correctly stated that most mainline religions support 
evolution, including the Roman Catholic Church, the American 
Jewish Congress, and various Protestant denominations. A number 
of religious organizations have released offi cial statements either 
supporting evolution or opposing the teaching of creationism 
in public school science classes. A sampling of such statements 
is included in table 5.1; see Matsumura (1995) for additional 
comments.

In the same vein, Gould (1999n) recognized that clergy and 
religious scholars are typically supporters of NOMA and the 
First Amendment. As he pointed out (and as always shocks my 
students, even after I browbeat them that science and religion are 
not incompatible), a large number of the plaintiffs in the Arkansas 
“balanced treatment” court case were clergy or religious scholars. 
Included were the Arkansas leadership of the United Methodist, 
Episcopal, Roman Catholic, African Methodist Episcopal, and 
Presbyterian Churches; additional United Methodist, Presbyterian, 
and Southern Baptist clergy; and the American Jewish Congress, 
Union of American Hebrew Congregations, and the American 
Jewish Committee as organizational plaintiffs.

Gould would not be surprised by the success of The Clergy 
Letter Project, a grassroots movement spearheaded by biologist 
Michael Zimmerman of Butler University (www.butler.edu/clergy 
project/rel_evol_sun.htm). The project was initiated in response 
to antievolution policies passed by the Grantsburg, Wisconsin, 
school board in 2004 and has since become a nationwide project. 
As of November 2007, more than 11,000 clergy had signed the 
following statement:

www.butler.edu/clergyproject/rel_evol_sun.htm
www.butler.edu/clergyproject/rel_evol_sun.htm


Table 5.1. Offi cial statements of religious organizations regarding 

evolution and/or creationism.

Organization Date Statement

Roman Catholic 
Church (Pope John 
Paul II)

1981 “The Bible . . . does not wish to 
teach how heaven was made but 
how one goes to heaven”

General Convention of 
the Episcopal Church

1982 “Be it Resolved, that the 67th 
General Convention affi rm the 
glorious ability of God to create 
in any manner, whether men 
understand it or not, and in this 
affi rmation reject the limited 
insight and rigid dogmatism of 
the “Creationist” movement”

Central Conference of 
American Rabbis

1984 “The principles and concepts of 
biological evolution are basic to 
understanding science.”

United Church of 
Christ

1983 “We acknowledge modern 
evolutionary theory as the best 
present-day scientifi c explana-
tion of the existence of life on 
earth; such a conviction is in no 
way at odds with our belief in a 
Creator God.”

American Jewish 
Congress

1984 “It is our position that scientifi c 
creationism is a religious theory 
and that, therefore, the First 
Amendment’s establishment 
clause prohibits its being taught 
as science in public school 
classes.”

United Presbyterian 
Church USA

1983 “Calls upon Presbyterians . . . 
to resist all efforts to establish 
any requirements to teach. . . 
‘creation science’

United Methodist 
Church

1984 “The Iowa Annual Conference 
opposes efforts to introduce 
“Scientifi c” creationism into the 
science curriculum of the public 
schools”
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We the undersigned, Christian clergy from many different tradi-
tions, believe that the timeless truths of the Bible and the discov-
eries of modern science may comfortably coexist. We believe that 
the theory of evolution is a foundational scientifi c truth, one that 
has stood up to rigorous scrutiny and upon which much of human 
knowledge and achievement rests. . . . We believe that among God’s 
good gifts are human minds capable of critical thought and that 
the failure to fully employ this gift is a rejection of the will of our 
Creator. To argue that God’s loving plan of salvation for humanity 
precludes the full employment of the God-given faculty of reason 
is to attempt to limit God, an act of hubris. We urge school board 
members to preserve the integrity of the science curriculum by 
affi rming the teaching of the theory of evolution as a core compo-
nent of human knowledge. We ask that science remain science and 
that religion remain religion, two very different, but complemen-
tary, forms of truth.

Beginning on February 12, 2006, The Clergy Letter Project has 
also sponsored an annual Evolution Sunday involving hundreds 
of congregations from the United States, Canada, Australia, 
the United Kingdom, and Nigeria, addressing in sermons, 
classes, or other venues the compatibility of science and reli-
gion. Denominations and faiths represented include Jewish, 
Roman Catholic, Baptist, Christian Church/Disciples of Christ, 
Congregational, Episcopal, Lutheran, Mennonite, Metropolitan, 
Presbyterian, Swedenborgian, United Church of Christ, United 
Methodist, Unitarian Universalist, and Unity churches, and a 
variety of nondenominational congregations.

What Did Gould Get Wrong, and Why?

Although Gould understood that creationism is not synonymous 
with religion, he vastly underestimated the extent and power of 
creationism. Throughout his writings, Gould portrayed creationism 
as a uniquely American phenomenon that was characteristically 
southern, rural, and poor. He also viewed the legislative challenge 
posed by creationism as essentially over. Gould was incorrect on 
all these counts.

In an article originally published in Time magazine and reprinted 
in his last collection of essays (2003e, 214), Gould wrote: “No other 
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Western nation has endured any similar movement, with any polit-
ical clout, against evolution—a subject taught as fundamental, 
and without dispute, in all other countries that share our major 
sociocultural traditions.” Gould viewed creationism as uniquely 
American because of its dependence on a literalist interpretation 
of the Bible, “a doctrine only well developed within the distinctively 
American context of Protestant church pluralism” (1999n, 130).
Nevertheless, a perusal of recent issues of the Reports of the National 
Center for Science Education, which monitors creationist activities 
worldwide, indicates that creationism has become an issue in such 
countries as Australia, the United Kingdom, Germany, Hungary, 
Norway, and Poland (which share our Western traditions) as well 
as in Japan and Turkey. The anti-evolution movement is particu-
larly strong in Turkey; for example, Numbers (1998) reported 
on the distribution of creation-science books to teachers by the 
ministry of education in Turkey. Perhaps the most obvious vehicle 
for Turkish anti-evolutionism is the Atlas of Creation (Yahya 2006),
an extravagantly illustrated diatribe written by Adnan Oktar under 
the pen name Harun Yahya and distributed gratis to schools and 
universities in several countries, including the United States. The 
goal of the Atlas is to “show everyone that this theory [evolution] 
is a deception,” which the author considers “the basis for all anti-
spiritual philosophies” (Yahya 2006, 6).

Numbers (1998) also discussed the rise of creationist orga-
nizations internationally. Perhaps the most successful of these 
organizations are the Creation Science Foundation, established 
in Queensland, and the Korea Association of Creation Research, 
both founded in 1980. Each of these organizations established 
outreach branches in the United States (Numbers 1998). As long 
ago as 1980, books by leading creationist Henry Morris had been 
translated into Chinese, Czech, Dutch, French, German, Japanese, 
Korean, Portuguese, Russian, and Spanish, making creationism 
“an international phenomenon” (Numbers 1982, 544).

The international spread of creationism is also demonstrated by 
the Council of Europe’s Parliamentary Assembly approval of a reso-
lution in October 2007 titled, “The dangers of creationism in educa-
tion.” The resolution (full text available at: http://assembly.coe.int/
Main.asp?link=/Documents/AdoptedText/ta07/ERES1580.
htm#P16_91) states that, “Creationism, born of the denial of the 

http://assembly.coe.int/Main.asp?link=/Documents/AdoptedText/ta07/ERES1580.htm#P16_91
http://assembly.coe.int/Main.asp?link=/Documents/AdoptedText/ta07/ERES1580.htm#P16_91
http://assembly.coe.int/Main.asp?link=/Documents/AdoptedText/ta07/ERES1580.htm#P16_91
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evolution of species through natural selection, was for a long time 
an almost exclusively American phenomenon. Today creationist 
ideas are tending to fi nd their way into Europe and their spread is 
affecting quite a few Council of Europe member states.” The reso-
lution urges member states to strengthen the teaching of evolution 
and to “fi rmly oppose the teaching of creationism as a scientifi c 
discipline on an equal footing with the theory of evolution and 
in general resist presentation of creationist ideas in any discipline 
other than religion” (Resolution 1580, art. 19.4).

Thus, Gould misjudged creationism as a “uniquely American” 
phenomenon. Within the United States, Gould (1999n) also 
misjudged creationism to be a marginal, minority form of 
Christianity that was characteristically southern, rural, and poor. 
This conclusion is perhaps understandable based on the notoriety 
southern states have gained for their antievolution/pro-creationism 
activities (e.g., Scopes trial in Dayton, Tennessee; balanced treat-
ment laws enacted in Arkansas and Louisiana). Ronald Numbers 
(1998) has convincingly argued, however, that the popular stereo-
type of the American South as uniquely and traditionally hostile to 
evolution is incorrect.

Numbers investigated the history of Darwinism from the 1860s
to late 1920s and found the South was far from unifi ed in atti-
tudes toward evolution. During this period, evolution was taught 
at many southern colleges, including Tulane University and 
the state universities of Mississippi, Alabama, Georgia, Virginia, 
North Carolina, and South Carolina. Evolution was also taught at 
colleges with religious affi liations, including Presbyterian (e.g., 
Davidson College, North Carolina), Southern Baptist (Baylor 
University, Texas), Methodist (Wofford College, South Carolina) 
and Quaker (Guilford, North Carolina) schools. Although anti-
evolution laws were indeed passed in Tennessee, Mississippi, 
and Arkansas in the fervor of fundamentalism in the 1920s, 
anti-evolution bills were defeated in Alabama, Georgia, North 
and South Carolina, Kentucky, Louisiana, Texas, Florida, and 
Oklahoma, and in Virginia the bill failed even to fi nd a sponsor 
(Numbers 1998). The fact that the anti-evolution movement 
progressed as far as it did in these states is evidence of how 
well accepted evolution had become in the South by the 1920s
(Numbers 1998).
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Nor are modern creationist activities restricted to the South 
(Numbers 1998). True, Arkansas and Louisiana both passed laws 
in the late 1970s mandating balanced treatment of “evolution 
science” and “creation science” (both laws were declared uncon-
stitutional), and in 1995 Alabama inserted an anti-evolution 
disclaimer in all biology textbooks used by the state. However, 
beginning in the mid-1990s creationist activities spread far 
beyond Gould’s putative “Southern, rural, and poor” regions 
to such states as Pennsylvania, New Hampshire, Ohio, Indiana, 
Michigan, Wisconsin, New Mexico, California, and Washington 
(Numbers 1998). More recently, according to the Reports of the 
National Center for Science Education, creationist activities have 
surfaced in Massachusetts, Minnesota, Iowa, Wyoming, and 
Montana, among others.

In addition to underestimating the extent of creationism, 
Gould misjudged the political power of creationism. He prema-
turely celebrated victory in 1987 when the U.S. Supreme Court 
in Edwards v. Aguillard found the Louisiana balanced treatment 
law unconstitutional. In an essay titled “Genesis and Geology,” 
reprinted in Bully for Brontosaurus, Gould (1991n, 403) declared, 
“Our legislative victory . . . ended an important chapter in American 
social history . . . the legislative strategy of passing off dogma as 
creation science and forcing its instruction in classrooms has been 
defeated.” However, creationist legislation continues to be intro-
duced, at the national, state, and local levels.

At the federal level, the Santorum Amendment, which would 
have singled out evolution as a controversial topic requiring special 
treatment, was introduced as an amendment to the No Child Left 
Behind Act in 2001 but was ultimately not included in the bill that 
was signed into law. Creationist legislation has also continued to 
be introduced in such states as South Carolina, Georgia, Alabama, 
Mississippi, Louisiana, Missouri, Oklahoma, Texas, Kansas, Ohio, 
Michigan, Minnesota, and New Mexico, as detailed in recent issues 
of the Reports of the National Center for Science Education (see Scott 
2004b, for the text of several such bills). And local school boards 
prove fertile ground for the current iteration of creationism, intel-
ligent design. Gould would have applauded the decision by Judge 
Jones in the Kitzmiller et al. v. Dover Area School District intelligent 
design court case that played out in Dover, Pennsylvania: “the 
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Board’s ID Policy violates the Establishment Clause. In making 
this determination, we have addressed the seminal question of 
whether ID is science. We have concluded that it is not, and more-
over that ID cannot uncouple itself from its creationist, and thus 
religious, antecedents” ( Jones 2005, 136). However, the long-term 
infl uence of this decision is yet to be seen.

Gould remained optimistic that creationist victories would 
be but temporary. In 1999 he wrote a piece for Time magazine 
decrying the Kansas school board’s decision to delete evolution 
from the curriculum, and predicting that this strategy would be 
only temporarily successful. The reprinted article, appearing 
in his collection I Have Landed (2003e), included a footnote 
rejoicing that the subsequent Kansas school board election in 
2000 defeated creationist candidates and resulted in the rein-
statement of evolution in the curriculum. However, elections in 
2004 tipped the balance of school board membership in favor 
of creationism, resulting in the approval of anti-evolution stan-
dards in 2005. School board composition again changed in 2006
following widespread criticism of these standards, and in February 
2007 evolution was returned to the curriculum in a scientifi cally 
appropriate way. In Kansas, as elsewhere, creationism has proven 
to be a tougher adversary than Gould expected.

Why was Gould so wrong about the persistence and power of 
creationism? Is NOMA too simplistic a concept, and was Gould 
naïve in proposing it? Perhaps the intermediate positions of inde-
pendence and dialogue between science and religion are unten-
able, and resolution will only be one of confl ict or integration? 
Must an extreme solution prevail, in which “either science and 
religion must battle to the death, with one victorious and the other 
defeated; or else they must . . . be fully and smoothly integrated into 
one grand synthesis” (1999n, 51)?

I don’t think so. Clearly, science and religion need not confl ict, 
as those of us who are both scientists and persons of faith will testify 
(e.g., Dodson 1999; Miller 1999; Kelley 2000, in press; Miller 
2003). Nor can or should science and religion be integrated; 
science tests hypotheses about the natural world, and hypotheses 
about the supernatural (the realm of religion) are not open to 
scientifi c testing (Scott 2004a). As a person of faith, I bristle at 
the idea that my faith should depend upon validation by science, 
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as it seems to me that “scientifi c creationists” and advocates of 
intelligent design wish to do. Admittedly, each individual must 
achieve a balance in his or her own life between the distinct realms 
(magisteria, in Gould’s terminology) of science and religion. As 
Gould (1999n, 59) stated, “these two domains hold equal worth 
and necessary status for any complete human life; . . . they remain 
logically distinct and fully separate in styles of inquiry, however 
much and however tightly we must integrate the insights of both 
magisteria to build the rich and full view of life traditionally desig-
nated as wisdom.”

If NOMA is not an overly simplistic, overly idealistic view, then 
why did Gould so severely underestimate the power and extent of 
creationism? Gould saw creationism as a political issue, declaring 
that “the rise of creationism is politics, pure and simple” (1981f,
34). Certainly creationism is part of a political agenda, as evidenced 
by the insertion of creationist planks in the platforms of various 
state Republican parties beginning in the 1990s (Numbers 1998).
However, creationism (though not synonymous with religion) is 
a religious concept, the power of which Gould, as a nonbeliever, 
could not understand.

In Rocks of Ages, Gould (1999n) described his upbringing as 
lacking in formal religious training; his parents, although retaining 
pride in their Jewish heritage, rejected any form of religious belief. 
Though Gould expressed great respect for religion, he considered 
himself an agnostic. Nevertheless, his knowledge of religious history 
was broad, and he knew the Bible well, often sprinkling his essays 
with biblical allusions. Indeed, he presented his own exegesis of 
Genesis 1 in several of his essays: “Genesis and Geology,” reprinted 
in Bully for Brontosaurus, and “The First Day of the Rest of Our Life” 
and “The Narthex of San Marco and the Pangenetic Paradigm,” 
reprinted in I Have Landed. (Compare Gould’s insights with those 
of Genesis scholars such as Conrad Hyers 1984, 1999.)

Although Gould possessed considerable knowledge of reli-
gious and church history, as well as familiarity with the Bible, he 
lacked personal knowledge of the role that faith plays in the life 
of the believer. Despite his professed respect for religion, he could 
be very dismissive of others’ religious beliefs. One incident in 
particular stands out in my mind. As part of a macroevolutionary 
course in which I was enrolled, Steve and colleague Dick Lewontin 
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had scheduled a day-long symposium for a Sunday. Fellow student 
Anne Raymond and I approached Steve to see if the schedule could 
be altered so that we could attend church. Steve did not under-
stand why corporate worship was important to us, and responded 
to our request by snapping, “I don’t know what you people do!” 
He wasn’t going to change the symposium so that we could do 
whatever it was that we did when we went to church. (We ended 
up going to an early service before the symposium.) Though Steve 
mellowed with time (he even thanked me when I told him he was 
in my prayers, a few weeks before his untimely death), he never 
understood the importance of faith in the believer’s life. At best, 
he viewed it as a psychological crutch in a world that can be over-
whelming with hardship, tragedy, and confusion (1999n).

Scott (1999) reported the results of several Gallup polls as 
well as surveys of college students that suggest that 90 percent 
of Americans believe in God but that less than half accept some 
form of evolution. In part, I believe this disparity is due to the 
fact that the American public (including school teachers; Scott 
1999) has very little understanding of what science is (let alone 
what evolution is) and how it differs from religion. Individuals 
often feel forced to choose (unnecessarily) between their faith 
and accepting evolution. For the believer, a personal relationship 
with the divine brings meaning to human existence, a meaning 
to which the agnostic Gould was blind. Nevertheless, as paleon-
tologist and devout Roman Catholic Peter Dodson (1999, 183)
stated, “When forced to choose between a religion that enriches 
human experience and an evolutionary science that ignores 
human experience and minimizes humans as a species, people 
will unhesitatingly choose the religion that gives meaning to their 
daily struggles.” Our task, as scientists, is to make it clear, as Steve 
did, that such a choice is not necessary.
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Stephen Jay Gould and Mass Extinctions

David C. Kendrick

Only thirty-six pages out of 1,343, about 2.7 percent of the total, 
in The Structure of Evolutionary Theory (Gould 2002c) are explicitly 
devoted to mass extinction and the role it plays in shaping the 
history of life. That’s thirty-six pages in a book that Steve Gould 
worked on for twenty years, a book that detailed how Darwin’s 
theory “has been transformed, along his [Darwin’s] original lines, 
into something far different, far richer, and far more adequate to 
guide our understanding of nature” (2002c, 24), a book so unabash-
edly a product of Steve’s prodigiously intelligent, thoughtful, and 
idiosyncratic self that it will likely remain one of those unread 
tomes that populate people’s shelves.1 In fact, the section on mass 
extinction in Structure is so short that it could even be viewed as his 
greatest extended footnote. It seems almost paradoxical—so little 
space for what has become the focus of so much intense interest, 
debate, and controversy in the fi elds of paleontology and evolu-
tionary biology. The casual reader might therefore equate the 
amount of space devoted to mass extinction in Structure with mass 
extinction’s importance in Steve’s evolutionary worldview (i.e., 
small, thus unimportant). That, however, would be wrong—the 
brevity of this section belies the import Steve attributed to mass 
extinctions, not only as the operator effecting the boldest-scale 
patterns in life’s history but also as the ultimate example of the 
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quirky contingency recorded in that history and the ultimate foil 
for natural selection as the primary agent of evolutionary pattern 
at the scale of geologic time.

The Structure of Science B-16

Science B-16 (“The History of the Earth and Life”), Steve’s long-
time signature course at Harvard, introduced hundreds, maybe 
thousands, of Harvard undergraduates to geology, Earth history, 
the nature of science, and Steve’s take on the history of life (see 
also Ross, this volume). The changing syllabus and the content 
of lectures refl ected the development of his thoughts and were 
often a bellwether of what would later turn up in an essay or book. 
Time’s Arrow, Time’s Cycle (1987c), for example, Steve’s book on 
the discovery of geologic time and the nature of history, grew 
out of the lectures on geologic time that he developed for the 
course, rather than the other way around. In the late 1980s and 
early 1990s B-16 classes, Steve approached mass extinction from 
two different but intertwined perspectives: pattern, and process. 
Pattern focused on the changes in diversity history wrought by the 
event. Process included things like testing periodicity or explora-
tion of mechanism—like extraterrestrial impact. Though inter-
dependent, it was pattern that mattered most in these lectures, 
because the patterns dictated by mass extinctions meshed with his 
beliefs in the nonprogessive and hierarchical nature of evolution 
and the primacy of unpredictable contingency. What Steve was 
really interested in was how these mass extinction events affected 
(or effected, as the case might be) the direction of evolution and 
how that interfaced with Darwinian theory.

Steve emphasized this interest in the structure of the portion 
of B-16 devoted to mass extinction. Instead of starting the lecture 
sequence with either of the two classic slides—a titanic meteor 
plummeting toward the earth or the Gary Larson Far Side cartoon 
“What really killed the dinosaurs,” which depicts delinquent dinos 
smoking cigarettes, Steve started with the question of Darwin’s 
views on mass extinction. In Origin of Species, Darwin argued that 
what appeared to be simultaneous extinction of fossil organisms 
at particular horizons were in fact artifacts resulting from the 
extreme imperfections of the geologic record. If the record were 
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better, the argument continued, such “events” would be shown to 
be either completely spurious or, at most, times of slightly elevated 
rates of extinction. That the abysmal quality of the fossil record 
masks the true pattern of gradual extinction and origination was 
Darwin’s interpretation, but not the only one consistent with the 
data. It could instead be true that the patterns of apparent stasis 
and abrupt simultaneous extinction displayed in the rock record 
are the correct interpretation. Why then, Steve asked the class, 
would Darwin argue for the former and so strongly against the 
existence of mass extinction, particularly when there is nothing 
about evolution or the mechanics of natural selection incompat-
ible with either interpretation?

The answer fed back into one of Steve’s leitmotifs—the fallacy 
of progress in evolution. Darwin, Steve said, was committed to a 
worldview in which progress toward increasing complexity and 
competitive ability, toward fundamentally “better” organisms, was 
innate. But Darwin also knew that natural selection per se does 
not guarantee progress; it works by differential survivorship and 
reproduction with respect to the local environment. As the envi-
ronment, including biotic and abiotic factors, changes, so will the 
selective pressures—and not necessarily in any particular direc-
tion. To reconcile the inherently nonprogressive nature of natural 
selection with the belief that organisms had become “better” over 
time, Darwin felt that the dominant cause of extinction was failure 
in biotic competition. If that were true, the fossil record should 
record a sequence of better organisms superseding inferior organ-
isms throughout life’s history. In this view, increasing complexity 
and progress are inherent and natural selection, over the full-
ness of geological time, will, by steady accumulation, produce the 
entire pattern of macroevolutionary diversity. Steve explained to 
the class, however, that mass extinctions “throw a wrench into the 
comfortable, progressive works here” because they may abrogate 
natural selection as the cause of extinction.

But, Steve asked, does mass extinction automatically preclude 
progress? To answer this question he presented three models of 
what determines which lineages survive and which lineages perish 
during mass extinction events: (1) “Turning Up the Gain” (TUG), 
(2) “Random,” and (3) “Different Rules.” Each of these models, 
he said, has different implications for the nature of life’s history.
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In the “TUG” model, we are increasing the intensity of extinc-
tion, and there’s no denial we are outside the rates of “normal” 
evolution; mass extinctions, however, simply supercharge the 
causes in ordinary evolutionary processes, rather than refl ect 
processes qualitatively outside natural selection. Adaptation is 
boosted because times are really tough, “turning up” the ordinary 
stresses. As environmental pressures increase, so do selection pres-
sures, thereby increasing the rate at which competition, lowering 
of reproduction, or increasing mortality drives species to extinc-
tion. Species that would eventually go extinct anyway, because they 
are competitively inferior, just drop out sooner. Species that would 
survive under ordinary levels of stress survive. Though the rates at 
which it takes place are greatly accelerated, natural selection, in 
this model, remains the primary agent of macroevolutionary (at 
the level of lineages and clades) pattern. Whatever groups survive 
to re-diversify would have done so whether there had been a mass 
extinction or not and the unfolding of the history of life remains 
perhaps as Darwin envisioned.

The “Random” model is the other end of the spectrum of 
models of survivorship and extinction during mass extinction 
episodes. Instead of the steady hand of selection weeding out 
the losers due to inferior characteristics, there is no relationship 
whatsoever between survivorship and any morphological or physi-
ological characteristic in this scenario. Here the probability of 
extinction of any particular lineage during a mass extinction is 
truly random (cf. Raup 1991), regardless of what its morpholog-
ical adaptations to normal survivorship are, or anything else about 
that lineage—it’s simply and chillingly a throw of the dice. Victims 
were just in the wrong place at the wrong time. This model of mass 
extinction abrogates any macroevolutionary patterning by “pure” 
Darwinian mechanisms. If this model is the dominant mode, then 
each mass extinction event is a kind of slate-cleaning reset. Unlike 
the TUG model, surviving clades may be the worst suited for what-
ever comes next, the best, or something in between.

Finally, in the “Different Rules” model, the adaptations that 
have given your lineage (to make it personal) your edge in the 
competitive Darwinian world are suddenly worthless, because of 
an abrupt change in environmental conditions. For example, you 
may be the ultimate in fi sh evolution, but if the water dries up, 
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that won’t matter—you’re gone. In this scenario, survivorship is 
not conferred by being a better Darwinian organism, but instead 
by some quirk, some characteristic or characteristics evolved 
for reasons unrelated to utility in this extinction event or for no 
particular reason at all. Different Rules differs from the Random 
model in that while it doesn’t matter whether you’re advantaged 
or not under normal situations, your survival is not random—it 
hinges on some feature you possess. Steve liked to cite Kitchell 
et al. (1986), who argue that diatoms survived the postulated K-T 
impact-induced darkness scenario (Alvarez et al. 1980) because 
they have dormancy mechanisms evolved in response to the long 
night of high-latitude winters or to intervals of silica-poor seawater 
produced by their own exuberant reproduction. The linchpin of 
this interpretation is that diatoms did not evolve dormancy mecha-
nisms to survive the effects of an impact, but for other reasons. 
Different rules for survival means a different patterning agency for 
macroevolutionary diversity history.

Presentation is an important part of argument, and Steve usually 
presented these three scenarios in this order to the class as a rhetor-
ical device, giving the Different Rules model the last and weightiest 
position and the TUG model the noteworthy but weaker position 
at the front. It is perhaps obvious, but this order also matched 
the relative weight he assigned to each model in evolutionary 
theory. Steve always took pains to state that there is no denying 
that turning up the ordinary stresses in evolution does occur and 
regularly praised Vermeij’s (1987) Evolution and Escalation as the 
best and most thoughtful demonstration. Nevertheless, it was the 
Different Rules model that he emphasized as his preferred domi-
nant mode for mass extinction.

Many paleontologists would now agree that it is a dominant mode, 
but championing it was important to Steve because it dovetailed with 
a second guiding leitmotif, the primacy of historical contingency in 
life’s history. If mass extinctions are dominated by Different Rules 
survivorship, then mass extinctions become the primary patterning 
agent in redirecting, re-canalizing, and nullifying evolutionary direc-
tion; they impose the largest-scale contingencies on the pattern of 
life’s history. Different Rules also allows historical explanation of 
(or at least allows us to try to explain) why lineages survive or don’t, 
something that the Random model does not.
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The Random model always ended up in the middle and weakest 
rhetorical position. Steve allowed that it could be true and felt 
that it probably applied in clades with few lineages (because the 
fewer the lineages in your clade, the more likely that you might 
be snuffed for no particular reason at all, other than you were 
near the nadir of your clade’s particular diversity at the time of 
the extinction). Steve liked to point out that the random nature 
of atomic decay and the ahistorical nature of atoms were precisely 
what allows us to accurately date historical events, but he was 
least interested in a random model of mass extinction because, 
if extinction were truly random, there would be no history to be 
discovered. A dominantly ahistorical mechanism for mass extinc-
tion would have been as anathema for Steve as mass extinction 
itself was for Darwin. We all have our biases. According to Steve, 
Darwin’s was progress. Steve’s was historicity.

The Alvarez Impact

Mass extinctions fi t perfectly into Steve’s belief in contingency as 
long as they were “catastrophic”, that is, they represented events of 
such short duration (geologically speaking) and ubiquity or great-
ness of effect that the normal working of Darwinian adaptation 
was incapable of causing (or avoiding) a lineage’s fate. Steve was
interested in extinction mechanism, but this interest was always 
linked to how different mechanisms affected the duration, inten-
sity, and uniqueness of any extinction event.

As Taylor (2004) noted, research from two directions kick-
started the relatively dormant research area of extinction into 
one at the forefront of the fi eld during the 1980 s: (1) work by 
Raup and Sepkoski (e.g., Raup and Sepkoski 1982, 1984, 1986;
Sepkoski and Raup 1986) on extinction rates and periodicity, 
based on Jack Sepkoski’s Phanerozoic invertebrate familial and 
generic range compilations,2 and (2) the publication of the 
Alvarez hypothesis (Alvarez et al. 1980) of terminal Cretaceous 
extraterrestrial impact. For Steve, both these lines of inquiry 
supported his assertion that mass extinctions were bigger, more 
frequent, quicker, and “more different” than previously thought 
(e.g., 1985f), bolstering the position of mass extinction as the 
ultimate contingent event.
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In particular, the impact theory appealed to him for several 
reasons. First, it was attractive because of its external (extraterres-
trial), rather than internal (sea-level, for example), induction. In 
B-16 lectures he frequently associated, rightly or wrongly, external 
causes with catastrophic results, while internal causes he implied 
were more likely to produce effects longer in gestation and that 
appeared more gradually. (Obviously he knew that either kind 
of event could produce either kind of outcome; he just leaned 
toward one.) Second, the proposed “kill mechanism” of global 
darkness shutting off primary productivity that the Alvarez hypoth-
esis implied perfectly dovetailed with a Different Rules model of 
causation. Third and fi nally, unlike so many previous hypotheses 
about mass extinctions, this one was testable; it made lots of predic-
tions amenable to rigorous analysis. Steve always emphasized to 
students that science is about posing answerable questions; untest-
able questions, in contrast, though often interesting, do no fall 
within the purview of science. For example, Steve felt that much 
of the confl ict surrounding evolution and creation resulted from a 
basic misunderstanding about the kinds of things science can and 
cannot answer, sometimes on both sides.

Steve became a powerful advocate of the Alvarez hypothesis 
because it was external, catastrophic, non-random, and testable. 
He also derived a certain amount of pleasure from what seemed 
to him a great irony. The Alvarez hypothesis had initially seemed 
to provide a general theory of mass extinctions based on repeated 
bolide impacts (e.g., Alvarez et al. 1984), and Steve himself 
appeared to embrace that possibility (e.g., 1985 f). As the 1980s
passed, however, and the evidence for impacts at the other major 
extinctions was not realized (but see Becker et al. 2001; Ellwood 
et al. 2003; Olsen et al. 2002), it eventually seemed that instead of 
producing a general theory, the Alvarez team had instead discov-
ered the ultimate example of contingency—the explanation for a 
single, wonderful, extinction, the K-T. Perhaps he was only making 
the best of how the data seemed to point, but Steve seemed to tell 
this story with a kind of quiet glee. He remained, however, always 
grateful for and respectful of the insight, work, and contribution 
that the Alvarezes and their colleagues had made.3

In retrospect it may be that both opinions are correct. Workers 
are now identifying combinations of internal environmental factors 
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and external events that may together result in mass extinction. 
Bottjer (2004), for example, documents that events of the end-
Triassic extinction may be linked to a combination of extended 
environmental stress coupled with a trigger mechanism.

Tiers of Time

At the end of the mass extinction unit in B-16, Steve reviewed 
his documentation of Darwin’s methodological bias—an inherent 
extrapolationism tied up with Lyell’s uniformities of rate and state 
(sensu 1965b, 1967d). For Darwin, Steve would say, the world was 
smooth enough that extrapolation of small processes operating 
over time allowed and explained the great events in life’s history. 
Steve then would pose the following question: “But, what if time 
is tiered?” In other words, what if effects at different timescales 
operate in different ways? Rather than picturing a smooth, rolling 
(and implicitly genteel) temporal landscape where Darwinian 
evolution has the same set of effects everywhere, Steve asked us 
to imagine a rugged, stepped, and possibly forbidding4 landscape 
where other processes, though rarely encountered, effect the 
boldest changes on life’s history.

It fascinates me that although contingency was one Steve’s 
primary themes in person, as a speaker, and as a writer, his treat-
ment of the most powerful, far-reaching, and “pure” examples of 
contingency in the history of life—mass extinctions—feels almost 
peripheral. He himself never did any primary research on the 
topic; he says as much in Structure. Maybe he just thought it was 
obvious. I wonder if it was because his real love was working “with” 
Darwin, that is, discovering the interplay between selection and 
contingency, not against him.

Epilogue: One Individual in Darwin’s World

Steve felt a strong personal connection to Charles Darwin. He used 
the last line of The Origin of Species as the title for his Natural History
column. He modeled the structure of Structure on that book. More 
than once he talked about touching Darwin “through only two or 
three intermediaries” (1993l, 223): Colbert to Osborn to Darwin, 
or Colbert to Osborn to Huxley to Darwin, depending on whether 
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you counted Osborn’s story of once shaking hands with the great 
man himself. More importantly, Darwin was not far from the 
surface in any technical discussion as Steve turned ideas over in 
his mind and probed how each related back Darwin’s perspectives 
or predictions. Even Steve’s cherished iconoclasm resonated in a 
small way, for him, I think, with the effects of the publication of 
The Origin. I write these comparisons not to antagonize those who 
will feel they’re an extension of hubris, nor to end with an effusive 
panegyric, but to say that every instance of connection is telling, 
because Steve fully saw himself as extending Darwin’s work beyond 
the limits imposed by the scientifi c knowledge and cultural under-
standing of his (Darwin’s) day. Adding to our understanding of 
how evolution works was Steve’s way of celebrating that he was part 
of Darwin’s world.
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Stephen Jay Gould—What Does It 

Mean To Be a Radical?1

Richard C. Lewontin and Richard Levins

The public intellectual and political life of Steve Gould was 
extraordinary, if not unique. First, he was an evolutionary biolo-
gist and historian of science whose intellectual work had a major 
impact on our views of the process of evolution. Second, he was, 
by far, the most widely known and infl uential expositor of science 
who has ever written for a lay public. Third, he was a consistent 
political activist in support of socialism and in opposition to all 
forms of colonialism and oppression. The fi gure he most closely 
resembled in these respects was the British biologist of the 1930s,
J. B. S. Haldane, a founder of the modern genetical theory of 
evolution, a wonderful essayist on science for the general public, 
and an idiosyncratic Marxist and columnist for the Daily Worker
who fi nally split with the Communist Party over its demand that 
scientifi c claims follow Party doctrine.

What characterizes Steve Gould’s work is its consistent radi-
calism. The word radical has come to be synonymous with extreme
in everyday usage: Monthly Review is a radical journal to the readers 
of the Progressive, Steve Gould underwent radical surgery when 
tumors were removed from his brain; and a radical is someone who 
is out in left (or right) fi eld. But a brief excursion into the Oxford 
English Dictionary reminds us that the root of the word radical is, 
in fact, radix, the Latin word for root. To be radical is to consider 
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things from their very root, to go back to square one, to try to 
reconstitute one’s actions and ideas by building them from fi rst 
principles. The impulse to be radical is the impulse to ask, “How 
do I know that?” and, “Why am I following this course rather than 
another?” Steve Gould had that radical impulse and he followed 
it where it counted.

First, Steve was a radical in his science. His best-known contri-
bution to evolutionary biology was the theory of punctuated equi-
librium that he developed with his colleague Niles Eldredge. The 
standard theory of the change in the shape of organisms over 
evolutionary time is that it occurs constantly, slowly, and gradually 
with more or less equal changes happening in equal time inter-
vals. This seems to be the view that Darwin had, although almost 
anything can be read from Darwin’s nineteenth-century prose. 
Modern genetics has shown that any heritable change in develop-
ment that is at all likely to survive will cause only a slight change in 
the organism, that such mutations occur at a fairly constant rate 
over long time periods, and that the force of natural selection 
for such small changes is also of small magnitude. These facts all 
point to a more or less constant and slow change in species over 
long periods.

When one looks at the fossil record, however, observed changes 
are much more irregular. There are more or less abrupt changes 
in shape between fossils that succeed each other in geological time 
with not much evidence for the supposed gradual intermediates 
between them. The usual explanation is that fossils are relatively 
rare, and we are only seeing occasional snapshots of the actual 
progression of organisms. This is a perfectly coherent theory, but 
Eldredge and Gould went back to square one and questioned 
whether the rate of change under natural selection was really as 
constant as everybody assumed. By examining a few fossil series in 
which there was a much more complete temporal record than is 
usual, they found evidence of long periods of virtually no change 
punctuated by short periods during which most of the change 
in shape appeared to occur. They generalized this fi nding into a 
theory that evolution occurs in fi ts and starts, and provided several 
possible explanations, including that much of evolution occurred 
after sudden major changes in environment. Steve Gould went 
even farther in his emphasis on the importance of major irregular 
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events in the history of life. He placed great importance on sudden 
mass extinction of species after collisions of large comets with 
Earth and the subsequent repopulation of the living world from 
a restricted pool of surviving species. The temptation to see some 
simple connection between Steve’s theory of episodic evolution 
and his adherence to Marx’s theory of historical stages should be 
resisted. The connection is much deeper. It lies in his radicalism.

Another aspect of Gould’s radicalism in science was in the form 
of his general approach to evolutionary explanation. Most biolo-
gists concerned with the history of life and its present geograph-
ical and ecological distribution assume that natural selection is 
the cause of all features of living and extinct organisms and that 
the task of the biologist, insofar as it is to provide explanations, is 
to come up with a reasonable story of why any particular feature 
of a species was favored by natural selection. If, when the human 
species lost most of its body hair in evolving from its apelike 
ancestor, it still held on to eyebrows, then eyebrows must be good 
things. A great emphasis of Steve’s scientifi c writing was to reject 
this simplistic Panglossian adaptationism, and to go back to the 
variety of fundamental biological processes in the search for the 
causes of evolutionary change. He argued that evolution was a 
result of random as well as selective forces and that characteris-
tics may be the physical byproducts of selection for other traits. 
He also argued strongly for the historical contingency of evolu-
tionary change. Something may be selected for some reason at 
one time and then for an entirely different reason at another time, 
so that the end product is the result of the whole history of an 
evolutionary line and cannot be accounted for by its present adap-
tive signifi cance. Thus, for instance, humans are the way we are 
because land vertebrates reduced many fi n patterns to four limbs, 
mammals’ hearts happen to lean to the left while birds’ hearts lean 
to the right, the bones of the inner ear were part of the jaw of our 
reptilian ancestors, and it just happened to get dry in east Africa at 
a crucial time in our evolutionary history. Therefore, if intelligent 
life should ever visit us from elsewhere in the universe, we should 
not expect them to have a human shape, suffer from sexist hier-
archy, or have a command deck on their space ship.

Gould also emphasized the importance of developmental rela-
tions between different parts of an organism. A famous case was 
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his study of the Irish Elk, a very large extinct deer with enormous 
antlers, much greater in proportion to the animal’s size than is 
seen in modern deer. The invented adaptationist story was that 
male deer antlers are under constant natural selection to increase 
in size because males use them in combat when they compete for 
access to females. The Irish Elk pushed the evolution of this form 
of machismo too far and their antlers became so unwieldy that 
they could not carry on the normal business of life and so became 
extinct. What Steve showed was that for deer in general, species 
with larger body size have antlers that are more than proportion-
ately larger, a consequence of a differential growth rate of body 
size and antler size during development. In fact, Irish Elk had 
antlers of exactly the size one would predict from their body size 
and no special story of natural selection is required.

None of Gould’s arguments about the complexity of evolution 
overthrows Darwin. There are no new paradigms, but perfectly 
respectable “normal science” that adds richness to Darwin’s orig-
inal scheme. They typify his radical rule for explanation: always go 
back to basic biological processes and see where that takes you.

Steve Gould’s greatest fame was not as a biologist but as an 
explicator of science for a lay public, in lectures, essays, and books. 
The relation between scientifi c knowledge and social action is a 
problematic one. Scientifi c knowledge is an esoteric knowledge, 
possessed and understood by a small elite, yet the use and control 
of that knowledge by private and public powers is of great social 
consequence to all. How is there to be even a semblance of a 
democratic state when vital knowledge is in the hands of a self-
interested few? The glib answer offered is that there are instru-
ments of the popularization of science, chiefl y science journalism 
and the popular writings of scientists, which create an informed 
public. But that popularization is itself usually an instrument of 
obfuscation and the pressing of elite agendas.

Science journalists suffer from a double disability: First, no 
matter how well educated, intelligent, and well-motivated, they 
must, in the end, trust what scientists tell them. Even a biolo-
gist must trust what a physicist says about quantum mechanics. 
A large fraction of science reporting begins with a press confer-
ence or release produced by a scientifi c institution. “Scientists at 
the Blackleg Institute announced today the discovery of the gene 
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for susceptibility to repetitive motion injury.” Second, the media 
for which science reporters work put immense pressure on them to 
write dramatic accounts. Where is the editor who will allot precious 
column inches to an article about science whose message is that it 
is all very complicated, that no predictions can be made, that there 
are serious experimental diffi culties in the way of fi nding the truth 
of the matter, and that we may never know the answer? Third, the 
esoteric nature of scientifi c knowledge places almost insuperable 
rhetorical barriers between even the most knowledgeable journalist 
and the reader. It is not generally realized that a transparent expla-
nation in terms accessible to the lay reader requires the deepest 
possible knowledge of the matter on the part of the writer.

Scientists, and their biographers, who write books for a lay 
public are usually concerned to press uncritically the romance of 
the intellectual life, the wonders of their science, and to propa-
gandize for yet greater support of their work. Where is the heart 
so hardened that it cannot be captivated by Stephen Hawking 
and his intellectual enterprise? Even when the intention is simply 
to inform a lay public about a body of scientifi c knowledge, the 
complications of the actual state of understanding are so great that 
the pressure to tell a simple and appealing story is irresistible.

Steve Gould was an exception. His three hundred essays on 
scientifi c questions, published in his monthly column in Natural
History, many of which were widely distributed in book form, 
combined a truthful and subtle explication of scientifi c fi ndings 
and problems, with a technique of exposition that neither conde-
scended to his readers nor oversimplifi ed the science. He told the 
complex truth in a way that his lay readers could understand, while 
enlivening his prose with references to baseball, choral music, and 
church architecture. Of course, when we consider writing for a 
popular audience, we have to be clear about what we mean by 
popular. The Uruguayan writer Eduardo Galeano asked what we 
mean by writing for “the people” when most of our people are illit-
erate. In the North there is less formal illiteracy, but Gould wrote 
for a highly educated, even if nonspecialist, audience for whom 
choral music and church architecture provided more meaningful 
metaphors than the scientifi c ideas themselves.

Most of the subjects Steve dealt with were meant to be illustra-
tive precisely of the complexity and diversity of the processes and 
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products of evolution. Despite the immense diversity of matters on 
which he wrote there was, underneath, a unifying theme: that the 
complexity of the living world cannot be treated as a manifesta-
tion of some grand general principle, but that each case must be 
understood by examining it from the ground up and as the realiza-
tion of one out of many material paths of causation.

In his political life Steve was part of the general movement 
of the left. He was active in the anti-Vietnam War movement, in 
the work of Science for the People, and of the New York Marxist 
School. He identifi ed himself as a Marxist but, like Darwinism, it 
is never quite certain what that identifi cation implies. Despite our 
close comradeship in many things over many years, we never had 
a discussion of Marx’s theory of history or of political economy. 
More to the point, however, by insisting on his adherence to a 
Marxist viewpoint, he took the opportunity offered to him by his 
immense fame and legitimacy as a public intellectual to make a 
broad public think again about the validity of a Marxist analysis.

At the level of actual political struggles, his most important activ-
ities were in the fi ght against creationism and in the campaign to 
destroy the legitimacy of biological determinism including sociobi-
ology and racism. He argued before the Arkansas State Legislature 
that differences among evolutionists or unsolved evolutionary 
problems do not undermine the demonstration of evolution as 
an organizing principle for understanding life. He was one of 
the authors of the original manifesto challenging the claim of 
sociobiology that there is an evolutionarily derived and hardwired 
human nature that guarantees the perpetuation of war, racism, 
the inequality of the sexes, and entrepreneurial capitalism. He 
continued throughout his career to attack this ideology and show 
the shallowness of its supposed roots in genetics and evolution. 
His most signifi cant contribution to the delegitimation of biolog-
ical determinism, however, was his widely read exposure of the 
racism and dishonesty of prominent scientists, The Mismeasure of 
Man. Here again, Gould showed the value of going back to square 
one.

Not content simply to show the evident class prejudice and 
racism expressed by American, English, and European biologists, 
anthropologists, and psychologists prior to the Second World 
War, he actually examined the primary data on which they based 
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their claims of the larger brains and superior minds of northern 
Europeans. In every case the samples had been deliberately biased, 
or the data misrepresented, or even invented, or the conclusions 
misstated. The consistently fraudulent data on IQ produced by 
Cyril Burt had already been exposed by Leo Kamin, but this might 
have been dismissed as unique pathology in an otherwise healthy 
body of inquiry. The evidence produced by Steve Gould of perva-
sive data cooking by an array of prominent investigators made it 
clear that Burt was not aberrant, but typical. It is widely agreed that 
ideological commitments may have an unconscious effect on the 
directions and conclusions of scientists. But generalized deliberate 
fraud in the interests of a social agenda? What more radical attack 
on the institutions of “objective” science could one imagine?

Being a radical in the sense that informs this memorial is not 
easy because it involves a constant questioning of the bases of 
claims and actions, not only of others, but also of our own. No one, 
not even Steve Gould, could claim to succeed in being consistently 
radical, but, as Rabbi Tarfon wrote, “It is not incumbent on us to 
succeed, but neither are we free to refrain from the struggle.”
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Evolutionary Theory 

and the Social Uses 

of Biology1

Philip Kitcher

Introduction

Stephen Jay Gould was well known to many people for many 
different reasons: as a prominent paleontologist and evolu-
tionary theorist, as a historian of the earth and life sciences, but 
perhaps most of all as a brilliant essayist who was able to make 
all sorts of diffi cult ideas accessible. From his earliest columns 
in Natural History, there was a clear desire to inform, to clear up 
widespread confusions, and to make the sciences he loved come 
alive for his readers. Steve’s enthusiasms led him to undertake 
taxing evangelical missions; he was tireless in exposing the falla-
cies and distortions of “Creation Science,” for example.2 But I 
want to start with a different set of social concerns, those which 
stemmed from his deep sympathy with the disadvantaged and his 
resolute opposition to ventures in biology that were misleadingly 
portrayed either by scientists or by their public interpreters as 
buttressing inegalitarian views.

So, quite early in his career, Steve wrote columns in Natural 
History—collected in the fi rst volumes of his essays—on muddled 
thinking about race, on brain size and intelligence, on human 
sociobiology, and on the wrongs that eugenics had done to 
specifi c people. Some of this work was drawn together in his 
prize-winning book The Mismeasure of Man (1981l), which probed 
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the uses and abuses of nineteenth-century craniometry, biolog-
ical theories of criminality, and twentieth-century intelligence 
testing. In some instances his investigations drew him away 
from the areas of science in which he was an active contributor. 
Human sociobiology, however, was directly linked to evolutionary 
theory, and, in criticizing it, Steve was led to elaborate some of 
the themes that were central to his revisionist views about the 
evolutionary process.

The early criticisms are quite gentle and quite specifi c. In 
“Biological Potentiality vs. Biological Determinism” (1976n), 
Steve admitted admiration for much of the material in 
E. O. Wilson’s Sociobiology: The New Synthesis (Wilson 1975). He 
objected to the sweeping claims of that book’s fi nal chapter on 
the grounds announced in the title of his article. Wilson had 
advocated a crude genetic determinism, and, in reviewing a wide 
range of historical episodes, Steve had become convinced both 
that determinist claims are frequently adopted prematurely and 
uncritically, and that their social impact is extremely damaging. 
He ended his essay by noting that, although “Wilson’s aims are 
admirable,” his “strategy is dangerous,” vitiated by a commitment 
to determinism.

Between 1975 and 1980, Steve’s reactions to the use of biology 
in support of inegalitarian doctrines became both more wide-
ranging and more entangled with his vision of a more expansive 
evolutionary theory. He had, of course, already created a consid-
erable stir among theoretical evolutionists with the publication 
in 1972 of the fi rst paper on punctuated equilibrium (or at least 
the fi rst paper to use that term), jointly authored with Niles 
Eldredge, to whom Steve, with characteristic openness, has always 
given primary credit for the central idea (1972e). Punctuated 
equilibrium was originally explained within the context of the 
then-orthodox Mayrian view of speciation, and it focused on 
the geometry of phylogenetic trees. As the 1970s proceeded, 
however, the emphasis on stasis as the dominant mode of 
a species’ existence was linked to Steve’s interest in develop-
mental constraints (the major theme of his academic—or, as 
he sometimes unfairly called it, “unreadable”—book Ontogeny 
and Phylogeny [1977e]); by the early 1980s, he was also embed-
ding the original account of punctuated equilibrium within an 



 Evolutionary Theory and the Uses of Biology 209

expanded, hierarchical view of selection, one that would, he 
claimed, generate a more complete evolutionary theory than 
the orthodox legacy from Darwin (1982g).3 Delighted creation-
ists loved to misquote him, and popular magazines ran head-
lines on the demise of Darwinism; Steve persistently, and lucidly, 
exposed the mistakes.

Yet, as I’ve suggested, his emphasis on an expansion of 
Darwinian evolutionary theory shifted the ways in which he viewed 
the social uses, and particularly the abuses, of biology. He came to 
regard the unsavory ventures, particularly in sociobiology, as an 
elaboration of a crude and blinkered evolutionary viewpoint, one 
trapped in a narrow adaptationism and insensitive to the subtle 
multiplicities of the modes of selection. The charge was leveled 
forcefully in one of his most famous papers, “The Spandrels of 
San Marco,” jointly authored with Richard Lewontin (1979k), 
in which the pop sociobiologist David Barash was lambasted in 
the context of a more general argument for liberalizing evolu-
tionary theory. By the mid-1980s, Steve was fi rmly committed to 
the exposure of “cardboard Darwinism” (1986j), a vulgar prac-
tice that he came to attribute to Richard Dawkins in particular, 
and to writers like Helena Cronin and Daniel Dennett whom he 
often conceived (unfairly, I think) as Dawkinsian satellites. The 
hardening of the antithesis continued from then until the end 
of his career.

I’ve reviewed a small part of Steve’s work because I think that 
the prominence of the controversy with Dawkins is likely to distort 
our understanding of the issues and of the value of what Steve 
accomplished. In effect, evolutionary theorists, anthropologists, 
psychologists, and philosophers seem to be invited to buy one of 
two—and only two—packages. Either you are against pop socio-
biology and its equally vulgar descendants, in which case you are 
a revisionist who believes in expanding Darwinism, or you are an 
orthodox evolutionist who must accept, perhaps regretfully, the 
in-your-face, like-it-or-lump-it, news from the pop sociobio front. 
I don’t want either of these packages, and I think our options are 
more extensive. In what follows, I’ll try to explain why. The result 
will be an appreciation of Steve that doesn’t correspond at all 
points to his own self- conception—but I hope it will be an appre-
ciation, nonetheless.
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Local critique

How should we think of evolutionary theory and its applications 
to controversial issues? One possible answer is to suggest that the 
theory consists of a set of principles, more or less general truths, 
that are supplemented by detailed claims about particular contexts 
and used to derive conclusions that apply in those contexts. So 
conceived, the project of expanding evolutionary theory would 
take the form of adding new principles and/or replacing existing 
principles by more inclusive versions. One means of doing so 
would be to focus on some particular concept deployed in the 
standard formulations of evolutionary theory and to propose that 
it’s unnecessarily restrictive. For example, one might think that 
our current notions of “selection” or “adaptation” are too narrow, 
that they need to be replaced by more general concepts.

There are familiar reasons for worrying about this approach 
to evolutionary theory. For more than two decades, philosophers 
have argued that the attempts to axiomatize the theory trivialize it 
(Lloyd 1983; Kitcher 2003, chap. 9). An alternative, and I think 
more fruitful, perspective is to view the theory as a collection of 
models (Lloyd 1988; Thompson 1988) or strategies for answering 
questions about the history of living things, sometimes locally and 
in the short term, sometimes more globally and with attention to 
a large temporal range (Kitcher 1993, chap. 2). To expand evolu-
tionary theory, according to this conception, would be to increase 
the arsenal of the working evolutionist, by showing how to devise 
new kinds of models or question-answering strategies. Paradigms 
of expansion are provided in major works of the modern synthesis, 
particularly those of Fisher, Wright, Dobzhansky, and Simpson, and, 
more recently in the development of evolutionary game theory by 
Maynard Smith, in the theory of kin selection (among other things) 
by Hamilton, and the revival of group selection by D. S. Wilson 
and Elliott Sober (Hamilton 1996; Maynard Smith 1982; Sober 
and Wilson 1998; for elaboration of my perspective on the work of 
Hamilton and Maynard Smith, see chap. 3 of Kitcher 1985).

Distinguishing these perspectives on evolutionary theory is 
important for reconstructing the controversies in applying evolu-
tionary considerations to social issues. Frequently, pop socio-
biologists and evolutionary psychologists portray themselves as 
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elaborating the consequences of Darwinian evolutionary theory; 
these consequences may be disturbing or regrettable, but the only 
way of avoiding them is to become a creationist (Alexander 1987).
In effect, these manifestoes for pop sociobiology and evolutionary 
psychology conceive evolutionary theory as a set of general princi-
ples that bold new researchers are resolutely applying to the study 
of human behavior. The actual situation is quite different. The 
low-budget ventures of pop sociobiology and their debased reca-
pitulations in the work of David Buss, Randy Thornhill, and Craig 
Palmer offer loose sketches of evolutionary models in support of 
conclusions about xenophobia, jealousy, sexual desire, and rape 
(Buss 1994; Thornhill and Palmer 2000; for critique see Vickers 
and Kitcher 2003). When those models are closely scrutinized, they 
are seen to depend on dubious assumptions; alternative models 
are available, models that generate very different conclusions. 
So, from the perspective of the second approach to evolutionary 
theory, there’s an easy way to avoid the claims of pop sociobiology 
without embracing creationism. We should accept the usefulness 
of the tools that Darwinian evolutionary theory provides, but insist 
that they are carefully and rigorously deployed. Just as there’s no 
general argument for pop sociobiology as a whole, so too there’s 
no single refutation, no “stake-in-the-heart move” (Oyama 1985),
but rather a need to scrutinize each of the uses of evolutionary 
strategies that the pop sociobiologists make.

To be sure, a detailed review of pop sociobiology or pop evolu-
tionary psychology may display recurrent patterns—a yen for 
avoiding any precision in presenting evolutionary models or a 
predilection for using only a minute fragment of the strategies 
available. So, faced with a new claim about the evolutionary basis 
of familial homicide (say) one may suspect that one of the typical 
misuses has been perpetrated. But that has to be shown in the case 
at hand, by focusing on the details of the evolutionary explanation 
that has been offered.

It’s worth having a name for this way of exposing the abuses of 
evolutionary theory, and I’ll call it the practice of local critique. Local 
critique is time consuming, and the enemy often seems hydra-headed, 
prompting a yearning for something more global, a “stake-in-the-
heart” move (Oyama 1985; Kitcher 2000). Of course, if there were 
some deep, systematic error in contemporary  evolutionary theory, 
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some respect in which it was too limited, those who recognized the 
need for expanding it might be able to settle issues more effi ciently. 
I trace a route from the most exacting and time-consuming version 
of local critique to a much more ambitious project. Consider the 
following four possibilities: (1) The misuses of evolutionary theory 
occur because of faulty deployment of the available evolutionary 
strategies and there is no pattern to the mistakes; (2) The misuses 
of evolutionary theory occur because of faulty deployment of the 
available evolutionary strategies and there are systematic biases that 
generate these mistakes (neglect, for example, of certain kinds of 
available models); (3) The misuses of evolutionary theory occur 
because the arsenal of available strategies is too limited (that arsenal 
needs expanding); (4) The misuses of evolutionary theory occur 
because the principles employed by the misusers are mistaken (they 
are limited by containing overly narrow concepts).

First, local critique is the best we can do. Second, Steve was 
often extremely effective in local critique, and, in particular, he 
offered important defenses of (2). Third, Steve hoped to argue for 
more ambitious claims, sometimes for (3), sometimes for (4), and 
his attempts to offer an expansion of evolutionary theory were not 
successful. I’ll try to defend these claims and to do so in a way that 
brings out what I take to be Steve’s important accomplishments.

Two routes from San Marco

Let’s start with a famous and controversial paper (1979k), one 
that has inspired much discussion among people from many disci-
plines. What exactly is the signifi cance of the spandrels? Gould 
and Lewontin begin by characterizing an “adaptationist program,” 
an approach that atomizes organisms into traits and then subjects 
them to optimality analysis. There’s a relatively straightforward way 
to develop the critique of this program, namely by noting that for 
a trait to be given an explanation by appeal to natural selection it 
has to be the case that its genetic basis is such that among the suite 
of characteristics to which that basis gives rise (in the typical envi-
ronments) variation in the forms of the focal trait is the dominant 
contribution to variation in reproductive success, and, furthermore, 
that the genetic variation available in the population has to allow for 
the attainment of the optimum. When biologists simply assume that 
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the effects of a single characteristic on reproductive success can be 
considered in isolation from the impact of other traits to which the 
pertinent genetic basis gives rise, they are frequently making quite 
unwarranted assumptions; and, as a plethora of well-known exam-
ples–the simplest of which is heterozygote superiority—demon-
strates, there is no guarantee that fi xation of whatever genotype 
is associated with the optimal phenotype is to be expected (see 
Templeton 1982, and chap. 7 of Kitcher 1985).

Yet if that is the principal point of the criticism, a diagnosis of 
a systematic error that might be uncovered in recurrent pieces 
of local critique, then there’s an obvious reply. This is old news. 
Evolutionary biologists were already aware that the operation of 
selection is constrained by the ways in which a suite of phenotypic 
traits is bound together in ontogenesis, and any immersion in stan-
dard population genetics ought to teach the moral about optimi-
zation. Gould and Lewontin saw the dismissive reply coming, and 
they attempted to forestall it.

[S]ome evolutionists will protest that we are caricaturing their 
view of adaptation. After all, do they not admit genetic drift, allom-
etry, and a variety of reasons for nonadaptive evolution. They do, 
to be sure, but we make a different point. In natural history, all 
possible things happen sometimes; you generally do not support 
your favored phenomenon by declaring rivals impossible in theory. 
Rather, you acknowledge the rival but circumscribe its domain of 
action so narrowly that it cannot have any importance in the affairs 
of nature. Then, you often congratulate yourself for being such an 
undogmatic and ecumenical chap. We maintain that alternatives to 
selection for best overall design have generally been relegated to 
unimportance by this mode of argument. (1979k)

As they went on to note, what is preached as possible on the 
holy days is often dismissed from consideration in the workaday 
world.

In terms of the view of evolutionary theory as providing a 
collection of question-answering strategies, it’s easy to see what 
this version of the critique of adaptationism amounts to: certain 
strategies that ought to be considered in devising explanations 
are being forgotten in evolutionary practice and that means that 
evolutionary theory has effectively been narrowed. It’s not old 
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news to remind practitioners of this and to demonstrate by citing 
prominent examples how pervasive the neglect of nonadaptive 
approaches is. Much of the ensuing discussion does precisely that, 
and does it brilliantly—Gould and Lewontin pointed out the pecu-
liarity of seeking a selective account of the reduced front limbs of 
Tyrannosaurus, and the sloppiness of David Barash’s tale of anti-
cuckoldry behavior in mountain bluebirds. Yet the essay doesn’t 
restrict itself to exposing such follies. It proceeds to offer a rein-
terpretation of Darwin’s own commitments to adaptationism, to 
offer a “partial typology” of alternatives and to propose that some 
developments of evolutionary theory in continental Europe indi-
cate possibilities for enriching the standard framework.

These later passages tend to undermine the signifi cance of the 
line of argument I’ve been praising, for they suggest that the invo-
cation of spandrels is worth nothing until some new expansion 
of the class of evolutionary strategies has been provided. Many 
readers, even readers as different as Ernst Mayr (1983) and Daniel 
Dennett (1995, 267–82), have reacted to the latter sections of the 
paper by maintaining (i) that insofar as Darwin offered genuine 
alternatives to natural selection they are already embraced by 
contemporary evolutionary theory, (ii) that the partial typology of 
alternatives are recognized as theoretical possibilities within stan-
dard evolutionary theory, and (iii) that insofar as the appeal to 
Baupläne resists incorporation into the standard framework, it’s 
completely unintelligible. In essence, the last three sections of the 
essay shift the claim from stage (2) of my four-stage progression 
to stage (3) or stage (4). Those readers who conclude that no new 
model has been provided and that no new evolutionary principle 
has been articulated then take these failures to be crucial. The 
genuine achievements at stage (2) are overlooked, and the essay 
is written off as much ado about nothing.

I suggest that the right route from “Spandrels” is to backtrack 
and embed the essay fi rmly in the project of local critique. That 
was not, however, the route that Steve chose. In the large book he 
bequeathed to evolutionary theorists and to historians and philoso-
phers of biology (2002c), he provided an extended commentary on 
the signifi cance of spandrels. Some passages can readily be assimi-
lated to the more modest project of local critique, especially impor-
tant in connection with evolutionary accounts of human behavior.
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A failure to appreciate the central role of spandrels, and the 
general importance of nonadaptation in the origin of evolutionary 
novelties, has often operated as the principal impediment in efforts 
to construct a proper evolutionary theory for the biological basis 
of universal traits in Homo sapiens—or what our vernacular calls 
“human nature.” (2002c, 1264)

Two slight amendments: perhaps not “the principal impedi-
ment” but surely an important one; and not an “evolutionary 
theory” directed at human nature but bits and pieces of evolu-
tionary explanation. With those amendments, I’m tempted to 
insist that aspiring evolutionary psychologists meditate on the 
sentence every day before beginning their work.

But Steve wanted to go much farther and regard the apprecia-
tion of the importance of spandrels as an important part of an 
expanded evolutionary theory. He writes:

The expansion of spandrels under a hierarchical theory of selection 
establishes the most interesting and intricate union between the 
two central themes of this book—the defense of hierarchical selec-
tion (as an extension and alteration of Darwin’s single-level organ-
ismal theory) on the fi rst leg of the tripod of essential components 
in Darwinian logic; and the centrality of structural constraint (with 
non-adaptively originating spandrels as a primary constituent) for 
a rebalancing of relevant themes, and as a correction to the overly 
functionalist mechanics of selection on the second branch of the 
tripod (or branch of the tree—see fi gs. 1–4). (2002c, 1267)

Setting aside details (details which are, I think, diffi cult even for a 
reader of the whole book to identify clearly), two important things 
seem to go on in this complicated sentence. First, Steve rises to the 
challenge of saying what differentiates his appreciation of span-
drels from the recognition of constraint within standard evolu-
tionary theory (the “old news” challenge) by declaring that his 
account of “hierarchical selection” expands the role of spandrels; 
second, he appears to be conceiving evolutionary theory not as a 
collection of strategies or models but rather as a set of principles, 
of which he is providing more general versions.

I believe that Steve should be given credit for an important 
expansion of the evolutionary theory that descended from the 
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modern synthesis: together with Niles Eldredge he developed a 
strategy for extrapolating from the fossil record to reconstruct 
phylogenetic trees, presenting a revolutionary geometry that views 
speciation events as relatively fast (in geological terms) and stasis 
as the predominant mode of a species’ life (1972e; 1977c). His 
defense of the applicability of this strategy (given in chap. 9 of 
[2002c]) is, so far as I can judge, extraordinarily thorough and 
cogent. It is the product of immense knowledge of details of the 
records of various lineages, details that are used to explore the 
credentials of rival phylogenetic hypotheses. If the “Spandrels” 
essay criticized evolutionary practice for failing to consider the 
full range of possible explanations and neglecting to use data to 
decide among alternatives, then Steve’s defense of the broad appli-
cability of punctuational models can be seen as an object lesson 
in how to avoid being vulnerable to that criticism. From the stand-
point of the original essay of 1972 (1972e), he should surely have 
seen this extended vindication as a tremendous achievement.

From the late 1970s on, however, he was advertising more. The 
reform of phylogenetic geometry was to be only the prelude to an 
expansion of our understanding of the mechanisms of evolution. 
Partly inspired by the philosophical thesis that species are indi-
viduals (a thesis proposed by Michael Ghiselin [1974] and David 
Hull [1978]), Steve has been arguing that species are “units of 
selection,” and that we need a “hierarchical” account of selection 
that accommodates these “higher-level” processes. As The Structure 
of Evolutionary Theory candidly admits (2002c, 29), his attempts to 
articulate an account of species selection have sometimes been 
misguided and confused; characteristically, he acknowledges the 
contributions of students, co-authors, and friends who tried to put 
him right. The main task of the book is to present the version of 
the hierarchical theory at which he has fi nally arrived.

Expansion defl ated

The ambitions of this project have often been derided by Steve’s 
detractors, by biologists and philosophers who have claimed that 
he was saying nothing new or that his proposals were thoroughly 
confused (Dawkins 1988; Dennett 1995, chap. 10). In my judg-
ment, the critics have not seen the issues completely clearly, and 
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they have overlooked the real importance of some of Steve’s ideas 
about macroevolution, in particular his well-defended claims 
about the geometry of phylogenetic trees. Yet, uncharitable as 
they have often been, I think they have recognized two important 
points. The fi rst is that theses about the metaphysical status of 
species are unlikely to issue in novel claims about evolutionary 
processes. The second, and more signifi cant, is that despite the 
vast amount of ink lavished upon the idea of “higher-order” 
selection, there has been no obvious addition to the class of 
evolutionary strategies. Two other great evolutionary theorists, 
Hamilton and Maynard Smith, were able to demonstrate in brief, 
precise essays the power of a novel method of conceiving evolu-
tionary phenomena. The writings on species selection don’t yield 
anything remotely comparable.

Perhaps this is unfair. For there have been, for almost two 
decades now, central exemplars to illustrate how species selec-
tion is supposed to work. The most widely cited of these is what 
Steve identifi es as the “classic example” (2002c, 660) of Tertiary 
gastropods: some species form large populations; others break 
up into a large number of small populations. The latter charac-
teristic—a characteristic of species, not of individuals—raises the 
speciation rate, allowing for the opportunity of a broader range 
of characteristics among descendants and enhanced possibility 
of surviving major environmental shifts (2002c, 709–10). So far 
as one can tell, the planktotrophic gastropods (those that form 
large populations) aren’t individually either fi tter or less fi t that 
the nonplanktotrophic gastropods (those that form small popula-
tions), but there are important differences at the level of species 
range, duration and long-term consequences. Species of plank-
totrophic gastropods occupy larger ranges and endure longer; 
nonplanktotrophic gastropods seem able to pass through evolu-
tionary bottlenecks.

A standard negative response to the citation of this example is 
to suggest that it is a single instance, and one that can be written 
off as an evolutionary curiosity. This seems to me incorrect. As 
Steve himself points out, evolutionary investigations geared to 
the standard framework aren’t likely to uncover a multitude of 
examples of higher-level selection; and, in any case, the gastro-
pod example plainly has importance for our understanding of 
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large-scale evolutionary phenomena. I think that the real diffi -
culty is more fundamental, that unlike the expansions of our 
evolutionary arsenal I’ve taken as paradigmatic—the contribu-
tions of Hamilton and Maynard Smith—this case can’t serve as an 
exemplar of a new evolutionary strategy, one that was not previ-
ously accommodated.

To explain why I believe this, it will help to start with a simpler 
example, one that Steve uses to motivate his ideas about higher-
order selection. In this hypothetical example, designed strictly for 
illustrative purposes, we’re to imagine a “wondrously optimal fi sh, 
a marvel of hydrodynamic perfection,” living in a pond. Darwinian 
individual selection has shaped the gills so that these fi sh thrive 
in well-aerated water, and the competition has been suffi ciently 
fi erce to allow virtually no variability in gill architecture. In the 
same pond lives another species of fi sh, the “middling fi sh,” with 
less wonderful gills, a species that manages a marginal existence 
on the muddy fringes. Steve writes:

Organismic selection favors the optimal fi sh, a proud creature who 
has lorded it over all brethren, especially the middling fi sh, for ages 
untold. But now the pond dries up, and only a few shallow, muddy 
pools remain. The optimal fi sh becomes extinct. The middling 
species persists because a few of its members can survive in the 
muddy residua. (2002c, 666)

Steve goes on to claim that we can’t explain the persistence of the 
middling species in terms of individual selection alone.

The middling species survived qua species because the gills varied 
among its parts (organisms) . . . the middling species prevailed by 
species selection on variability—for this greater variability imparted 
an emergent fi tness to the interaction of the species with the 
changed environment.

Is this right?
The obvious fi rst reaction to this scenario is to note that we 

don’t have a detailed model of just how the fi tness values work. 
That’s crucial, because a simple-minded model would divide the 
pond into two environmental types—Clear and Muddy. Optimal 
fi sh have high fi tness in Clear and zero fi tness in Muddy; middling 
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fi sh have signifi cantly lower fi tness in Clear and slightly more than 
zero fi tness in Muddy. The initial state is one in which there are 
vast patches of Clear and small patches of Muddy. The fi nal state 
is one in which the entire environment is Super-Muddy. If Super-
Muddy is lethal for all the middling fi sh, then no evolutionary 
explanation of their persistence, however many levels of selection 
we allow, looks promising. If Super-Muddy isn’t lethal, then we 
can expect individual selection to shape the characteristics of the 
middling species after the cataclysm, and after all the optimal fi sh 
have vanished.

Let’s take this a step further. Let G be some representative geno-
type for the optimal fi sh at those chromosomal regions where there 
are differences with the middling fi sh, and let G* be a corresponding 
genotype among the middling fi sh. (It would be more realistic to 
consider ranges of species-distinctive genotypes, but there’s no 
harm in simplifying.) There’s an obvious way to approach the perti-
nent fi tnesses. Start by assuming that the only difference consists 
in probabilities of survivorship to sexual maturity; fecundity, ability 
to attract mates, and so forth are constant across genotypes and 
across environments. Given Steve’s account, it seems reasonable to 
suppose that the rates of survivorship might be as follows:

Table 8.2

Clear Muddy Super-Muddy

G 1 0 0

G* 0.5 1 1

Table 8.1

Clear Muddy Super-Muddy

G 1 0 0

G* 0.5 0.1 0.01

If we now formalize fi tnesses in each environment in the usual way, 
we shall have the following relationships.

Assuming that the populations are reasonably large and that 
the fecundity rates are high, it is not hard to show that the effect 
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of selection across many generations will be to set the frequency 
of G at virtually 100 percent in Clear, and the frequency of G* at 
virtually 100 percent in Muddy.

Now add a further assumption. There’s a small probability 
that, in each generation, the environment will switch from 
95 percent Clear and 5 percent Muddy to 100 percent Super-
Muddy (with a signifi cant probability of subsequent reversion). 
It is not hard to show that, under these conditions, the expected 
outcome, after a long enough run of generations, is that what-
ever the environment then found G* will be completely prevalent. 
Moreover, this will hold even if the probability of the environ-
mental switch is extremely small. (In fact, the crucial assump-
tions for the scenario are: (a) that there be no significant 
probability of mutations that will generate G from G*, and (b) 
that the fecundity rate is suffi ciently high that, even with the low 
rate of survivorship of G* in Super-Muddy, the fi sh population 
will not decline to zero.)

There’s nothing particularly novel here—and that’s the point. 
Resistance to the hypothetical example rests on the suspicion that 
the scenario can adequately be treated by deploying the familiar 
tools of unexpanded, nonhierarchical, evolutionary theory. Does 
the same apply to the much-cited example of the gastropods?

I think it does. Again let G, G* be representative genotypes at the 
chromosomal regions where the planktotrophic and nonplank-
totrophic species are differentiated. In the actual environment, 
I’ll assume that the fi tnesses of G and G* are the same. We now 
consider a spectrum of environments such that each member of 
the spectrum has some tiny probability of replacing the current 
environment. Thus, in considering the long-run representation of 
each genotype, we must focus on the probabilities that particular 
environments come to obtain and on the fi tnesses that the geno-
types would have in such environments. Because the nonplankto-
trophs break up into smaller breeding populations, the range of 
genomes in which G* is embedded is going to be larger— probably
considerably larger—than the range of genomes in which G is 
embedded. There’s going to be a sizable subclass of the spectrum 
of environments in which the fi tness of G* is nonzero while the 
fi tness of G is zero, and the converse won’t hold. Given a suffi -
ciently long time-span, we can predict that there’s a high prob-
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ability that one of the environments present will come to obtain, 
and thus that G* will become prevalent.

Perhaps, however, we can save species selection by amending the 
example slightly, supposing that the outcome is not one in which 
the frequencies of G and G* are different but one in which they are 
differently distributed among species: suppose, for concreteness, 
that there are just as many of each genotype at the time at which 
we take stock, but the Gs are all found in a single species, while 
the G*s are discovered in ten species.4 Plainly the kinds of proba-
bilistic argument I have outlined will not explain this outcome. 
Yet a slight modifi cation will do the trick. Instead of focusing on 
the one-generation probabilities of survivorship (and the standard 
fi tnesses that derive from them), we can consider the probabili-
ties that, after m generations, a genotype will have bearers in n
different species. Specifying these probabilities we can model the 
evolutionary process in a way that will enable us to derive descrip-
tions of distributions.

This last suggestion brings out a general feature of the approach 
I am recommending. In effect, I’m considering probabilistic 
models that focus on individual genotypes but that expand the 
kinds of probabilities normally considered, effectively generalizing 
the notion of fi tness to consider effects across many generations 
and other effects besides replication. But the expansion envisaged 
hardly counts as revolutionary, for it is continuous with the types 
of reasoning and modeling that are part and parcel of everyday 
neo-Darwinism.

I anticipate a standard response. The model I’ve sketched for 
the example of the gastropods is simply a bookkeeping maneuver, 
and it hides the crucial causal details of the case. As Steve rightly 
claims “natural selection is a causal process” (2002c, 665), and 
he concludes from this that we can’t view genic (or genotypic) 
models as adequate. But what exactly are the causal details behind 
the process of selection that ends with the victory of nonplank-
totrophic gastropods? These gastropods come to be prevalent 
because they form small breeding populations, so that there’s a 
higher incidence of speciation events and a higher chance that a 
descendant species will acquire characteristics that allow for life 
in a radically different environment. That’s one way to give the 
causal description.
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Here’s another. Because they have G* the individual organisms 
disperse in particular ways that increase the chances that the G*

genotype will be associated in later generations with a broad variety 
of genetic backgrounds, and hence increase the probability that 
G* will be embedded in a genome that can interact with a radically 
different environment to give rise to organisms that can survive, 
reproduce and transmit G*. To be concrete, and perhaps absurdly 
simple, suppose that the difference between G* and G is expressed 
in different forms of fi ve enzymes, and that the G* versions of these 
enzymes provoke movements at various stages in the gastropod’s 
life that lead to small, discrete populations, that those discrete 
populations increase the rate of speciation, that the higher rate of 
speciation increases the chance of survival in a radically different 
environment, and that, in consequence, the nonplanktotrophs win 
and the G* genotype spreads. Here we have a causal story. There 
is no particular reason to think that this causal story has to be 
analyzed in a particular fashion for the purposes of talking about 
selection; no particular segmentation of it is privileged. Thus, once 
we have the model (which I’ve only outlined) and the whole causal 
story, it’s a matter of convention whether we say that selection is 
at the “level” of the species, at the “level” of the organism, or at 
the “level” of the genotype (or even the gene). Consistent with 
honoring the causal story we can declare that the non-planktotro-
phic gastropods, or their genotypes, are, in a certain sense, indi-
vidually fi tter than their planktotrophic rivals, for their genotypes 
have higher probability of being represented in future generations 
as a result of the activity of the enzymes which those genotypes produce.

I’m indulging in what Steve called “Necker cubing,” an error he 
was inclined to see as less dire than that of proclaiming the gene as 
the one and only unit of selection—he called it “a kindly delusion” 
(2002c, 656); the “error” descends from Richard Dawkins (1982),
and was fully embraced in Sterelny and Kitcher (1988). But I think 
that Steve, like many other philosophers and biologists, makes the 
charge that this is an error because he is held captive by a picture. 
Darwin gave us a metaphor, the image of natural selection. Now 
the breeder, interested in a particular property of the fl ower or the 
pigeon, does select for a particular trait. Nature doesn’t. Where 
there are causes of differential  reproduction we rightly focus on 
them in providing explanations in terms of natural selection, but 
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the ways in which the causal chains are to be segmented is entirely 
up to us. If we choose, then we can attend to the most proximate 
causal factors, and this will sometimes incline us to talk of higher 
levels of selection; but we can always press the causal analysis 
further back, and, if we do so, we’ll identify different units. All 
that matters is that the models we construct be adequate to the 
phenomena, generating the right predictions and doing so in a 
way that fi ts the causal process that produces the outcomes.

Conclusion

In aiming to provide a hierarchical expansion of evolutionary 
theory, Steve neither provided his colleagues with a new class of 
precise mathematical models (as both Hamilton and Maynard 
Smith did) nor did he draw attention to an important type of 
evolutionary phenomenon that can only be modeled in a novel 
way. That, I believe, is why his claims about the expansion of 
evolutionary theory were often dismissed, sometimes caustically, 
by those who admire the work of Hamilton and Maynard Smith. In 
consequence, Steve’s enormous range of insights and accomplish-
ments are in danger of being undervalued. The original thesis of 
punctuated equilibrium, supported through nearly thirty years of 
patient research and reasoning—research and reasoning summa-
rized in chapter 9 of The Structure of Evolutionary Theory (2002c)—
is one of the principal contributions to evolutionary theory in the 
past decades.

Beyond that were Steve’s insightful exercises in local critique. 
As I’ve already suggested, the “Spandrels” provides a general diag-
nosis of ills in evolutionary practice, supplementing it with atten-
tion to individual examples of abuse. Steve loved to quote the 
aphorism that God (or sometimes the devil) resides in the details. 
Whichever version one chooses, he was both gourmand and 
gourmet for details, and, throughout his career, he offered innu-
merable new perspectives on particular phenomena, biological 
and nonbiological. His work demonstrated clearly that we don’t 
need an expanded evolutionary theory to expose the misuses 
of biology. What’s required is to probe with a sensitivity to the 
exact character of the claims and the evidence provided, to press 
the details. And in other, less polemical, contexts too, Steve’s 
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delight in detail led people to understand issues that they might 
have thought beyond them, to promote public appreciation of 
science among a broad population of readers. He showed how 
it is possible to make the sciences accessible without vulgarizing 
them, and at a time when we need greater public involvement 
in scientifi c research, his accomplishment was extraordinary. It 
would be deeply wrong, I believe, either to ignore, or to deni-
grate, that aspect of his work. In fact, I am not sure what we shall 
do without him.
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Stephen Jay Gould’s Evolving, 

Hierarchical Thoughts on Stasis

Bruce S. Lieberman

Introduction

Steve Gould made so many lasting contributions to paleontology 
and evolutionary biology that it is hard to identify any one as most 
signifi cant. It is clear, however, that his work developing punc-
tuated equilibrium with Niles Eldredge (e.g., Eldredge, 1971;
1972e; 1977c) will rank as one of the most important. Punctuated 
equilibrium posits that speciation takes place relatively rapidly 
compared to the total duration of the species and occurs in small, 
isolated populations usually along the margin of the species range. 
Because of the relatively sudden nature of speciation and because 
it happens in small, isolated populations, its occurrence in the 
fossil record will be diffi cult to observe. Punctuated equilibrium 
also posits that throughout most of their evolutionary history 
species are stable, displaying what was termed morphological stasis; 
stasis may be punctuated equilibrium’s “most important contri-
bution to evolutionary science” (2002c, 874). The development 
of punctuated equilibrium represented an important theoretical 
breakthrough by Eldredge and Gould made possible because each 
author had collected abundant data from the fossil record, and 
also each author had a thorough understanding of evolutionary 
theory. The latter was particularly important.
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Eldredge and Gould (1972e) incorporated elements of the 
work of Mayr (1963), especially his ideas on allopatric speciation. 
They also incorporated elements of Simpson’s (1944) work, espe-
cially his ideas on the nature of evolution in the fossil record and 
his recognition that sometimes evolution in the fossil record was 
glacial and other times rapid. Simpson (1944), however, focused 
primarily on the sudden appearance of higher taxa in the fossil 
record and argued that this was due not to gaps in the fossil 
record, as Darwin (1859, 1872) and subsequent generations of 
evolutionary biologists argued, but due rather to times of rapid 
evolution. Eldredge and Gould (1972e), by contrast, focused 
primarily on the sudden appearance of new species in the fossil 
record and the relevance of this to evolutionary theory. While indi-
rectly Darwin (1859, 1872) and even Simpson (1944) (directly) 
argued that this sudden appearance of new species was merely a 
preservational bias or gap in the fossil record, Eldredge and Gould 
(1972e) contended that it was a result of the allopatric model 
of speciation, and that small, isolated populations tend to evolve 
much more rapidly than large panmictic ones.

Eldredge and Gould (1972e) also added various insights on the 
nature of the fossil record and species, and drew on the data they 
had collected (e.g., Eldredge 1971; Gould 1969i) about closely 
related subspecies complexes in the fossil record and how these 
evolved through time. They blended these various elements and 
insights into what amounted to something new: a theory—in some 
ways Darwinian at base because it, of course, implied common 
descent but reliant on profound variation in evolutionary rates 
and identifying species as an entity of paramount evolutionary 
importance. The two latter precepts were in direct contrast to 
Darwin (1859, 1872), who had largely emphasized the uniformity 
of evolutionary rates and who had in effect categorized species as 
an arbitrary milestone (see Mayr 1982, 1988) within a continuum 
of evolutionary change.

In some ways Gould and Eldredge’s work and its emphasis on 
the value of the fossil record for evolutionary theory was antithet-
ical to the work of Darwin, who in some ways denigrated the signif-
icance of the fossil record. Yet clearly neither Gould nor Eldredge 
thought that Darwin was completely wrong. The suggested revi-
sions of Darwin’s ideas were not only well founded but done in a 
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respectful and tasteful way and thus part of a general vision that 
in order for science to progress ideas and theories needed to be 
revised. Steve’s perspective was for expansion, not replacement of 
Darwinism (1982g; Futuyma 2002). Part of the reason Steve may 
have received so much criticism for being an anti-Darwinian is 
because the current scientifi c generation has witnessed the apothe-
osis of Darwin, a phenomenon partly explicable as a reaction to 
creationism. In fact, Steve had tremendous respect for Darwin as 
a person and a scientist. For example, he often described Darwin 
as his personal hero in his Natural History essays, and indeed the 
title of these essays, “This View of Life,” was derived from the last 
sentence of Darwin’s (1859) Origin of Species. Moreover, part of the 
theoretical impetus for the genesis of punctuated equilibrium, the 
work of Mayr and Simpson, should have suggested that Eldredge 
and Gould were squarely in line with the traditions of evolutionary 
biology, from Darwin on down to the founders of the evolutionary 
synthesis: Dobzhansky, Mayr, and Simpson. It was probably no 
coincidence that Eldredge and Gould developed their ideas at 
the same institution that hosted the founders of the evolutionary 
synthesis during the critical parts of their careers: the American 
Museum of Natural History (AMNH).

Stasis and Punctuated Equilibrium

How common is stasis?

Two provocative aspects of punctuated equilibrium, in terms of 
the new ground it broke, the reaction it engendered, and the criti-
cism it received, had to do with the extent to which stasis within 
individual species lineages was the rule and what caused stasis. The 
former issue has been dealt within in a series of papers that were 
reviewed in Stanley and Yang (1987), Lieberman et al. (1995), 
Eldredge et al. (2005) and the references therein. Within sexual 
species, stasis appears to be the dominant mode, but important 
exceptions have been documented, especially by Geary (1990), 
notably a student of Steve’s. Eldredge and Gould (1972e; Gould 
and Eldredge 1977c, 1993j; Eldredge 1985a; Gould 2002c) 
emphasized that stasis as an aspect of punctuated equilibrium 
could not be refuted or corroborated with a few cherry-picked 
examples. Instead, the relevant scientifi c question that needed 
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to be addressed was one of relative frequency; the answer to this 
question could emerge only from a large number of analyses.

Gould and Eldredge’s views on punctuated equilibrium and the 
prevalence of stasis were never really dogmatic. It was clear that 
Eldredge and Gould (1972e; Gould and Eldredge 1977c) regarded 
punctuated equilibrium as the dominant, though not exclusive, 
evolutionary mode, just as Darwin (1859, 1872) regarded uniform 
gradual change as the dominant, though not exclusive, mode. For 
example, Darwin’s (1859, 1872) iconography of evolution from 
the lone fi gure in his book did show a few lineages that were stable 
over long periods of time out of many that were gradually evolving. 
Similarly, in Eldredge and Gould’s (1972e) hypothetical fi gure 
of anticipated species morphology through time, all species are 
shown to be stable. Probably part of the reason for this iconog-
raphy is that Darwin and Eldredge and Gould sought to distin-
guish their work from that of earlier conceptions, and thus they 
were bound to emphasize their viewpoint more, as is standard 
practice in science (Kuhn 1962; Hull 1988).

Eldredge and Gould (1972e) and Gould (1989d, 1996d) also 
tried to make the case that punctuated equilibrium described a 
general pattern of change in a variety of systems, not just evolu-
tionary biology. It was the very predilection for making the 
connection between such seemingly disparate subjects as baseball 
and biology that was part of Steve’s genius, but it also raised the 
hackles of other scientists who were predisposed to disagree with 
his ideas on evolutionary theory. Notably the discussions of Steve’s 
penchant for Marxism in Eldredge and Gould’s (1972e) paper 
probably created in some an almost visceral reaction (see further 
discussion of this point in Allmon, this volume).

I have come to the conclusion that stasis is probably the rule, 
though exceptions also exist, and even in stable lineages oscilla-
tion does occur. This is based on: my reading of the literature 
(see Lieberman et al. 1995; Eldredge et al. 2005); morphometric 
measurements of more than one thousand specimens of two 
species of Middle Devonian brachiopods, including statistical 
analyses of patterns of change in these measurements during the 
species’ roughly fi ve million year history, which showed overall 
stasis (see Lieberman et al. 1994, 1995); and similar studies 
(still unpublished) on the morphology of the Middle Devonian 
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trilobites Dipleura dekayi and Greenops boothi that were again based 
on statistical analyses of measurements from hundreds of speci-
mens that also showed stasis (the former during undergraduate 
research at the AMNH, the latter as a graduate student at the 
AMNH and Columbia University working along with undergrad-
uate researcher Courtney Reich).

There was and is a strong scientifi c selection pressure to identify 
patterns of gradual change in fossil lineages (Gould 1972e, 1977c). 
This is for no other reason than that examining large numbers of 
samples, taking thousands of measurements, and applying various 
statistical analyses seems like a Sisyphean effort if the result is to 
document little or no change; such an interpretation is mollifi ed, 
however, if one accepts the statement that emerged from Gould 
and Eldredge (1977c) like a mantra, “Stasis is data.” Based on the 
effort involved, such studies as that of Stanley and Yang (1987),
which documented stasis in a large number of species, are particu-
larly impressive. In spite of all of these data showing stasis, some 
evolutionary biologists continue to subscribe to a view of species 
as evanescent where species morphology is continually changing. 
This again points out how correct Eldredge and Gould (1972e)
were when they argued that outlook and training partly infl uence 
the patterns that scientists see.

Defi ning stasis

One aspect that deserves consideration is how Gould (and 
Eldredge) sought to defi ne stasis. They always emphasized that 
tests of stasis must rely on statistical treatments of large quantities 
of data, not generalities (1977c). Furthermore, because stasis did 
not require lineages to be obdurate (Lieberman and Dudgeon 
1996), some evolutionary change through time was permissible 
and indeed expected, as long as that change was oscillatory and 
produced no net statistically discernible shift (1977c, 2002c). 
Notably, this is also the defi nition of stasis in Lande (1986). This 
is why Sheldon’s (1993) operational defi nition of stasis, which 
assumes even oscillatory change is a partial refutation of the 
stasis model, is not an accurate characterization of stasis under 
punctuated equilibrium. Bookstein’s (1987) interesting ideas 
on testing stasis using techniques from the statistics of random 
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walks are also noteworthy in this regard. In effect, he argued that 
recovering a pattern of morphological change compatible with 
a random walk would refute punctuated equilibrium’s predicted 
pattern of stasis. Given that Eldredge and Gould (1972e; Gould 
and Eldredge 1977c; Eldredge 1989; Gould 2002c) never argued 
that stasis must be monolithic, a variety of morphological random 
walks through time could in fact be compatible with stasis, while 
some, of course, would not be. Again, although Bookstein’s (1987)
approach was innovative, his concept of stasis and the null hypoth-
esis he defi ned for stasis, in effect allowing no change through 
time, was overly strict and not in line with what the authors of 
punctuated equilibrium intended.

The ontology of species and its relevance to identifying stasis

Another crucial aspect of punctuated equilibrium and issues of 
stasis has to do with the ontology of species and their epistemology 
in the fossil record (Eldredge 1982, 1985b). The Darwinian 
ontology of species as arbitrary waypoints in an evolutionary 
stream differed fundamentally from the vision of species as real, 
stable entities suggested by Eldredge and Gould (1972e) and laid 
out in detail by Eldredge (1979, 1982, 1985a, b), Gould (1980c,
1982g, f, 1990e, 2002c), and Vrba (1980, 1984). Eldredge and 
Gould (1972e) needed to reorient their readers to their revised 
ontology of species. This is why punctuated equilibrium is more 
a theory about the nature of species than the nature of specia-
tion, and it was this aspect of the theory that was particularly novel 
(Lieberman, 1995). (Gould [1982g], Eldredge [1979], Vrba 
[1980, 1984], and Vrba and Eldredge [1984] in fact recognized 
that this aspect of punctuated equilibrium also had important 
implications for species selection.)

Noteworthy here is the vision of stasis and change that emerges 
from scientists whose theoretical outlook and species ontology 
differed from that of Eldredge and Gould; for example, Phillip 
Gingerich. Gingerich (1976) published several diagrams 
presenting data he had collected on molar tooth morphology from 
Cenozoic mammals occurring in the Bighorn basin of western 
North America. Gingerich (1976, 1983) concluded that his data 
showed evidence of gradual change, and he divided many of his 
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species up into gradually diverging anagenetic lineages. Some of 
these lineages seemed to show oscillatory change and doubled 
back on earlier lineages such that Gould and Eldredge (1977c)
and Eldredge (1989) argued that there were several stable species 
that changed in an oscillatory manner. Part of the difference in 
interpretation has to do with different views on the ontology and 
epistemology of species. Gingerich, because of his species ontology, 
epistemology, and theoretical orientation, might predict to see 
gradually anagenetically diverging lineages existing as continua 
that could be broken up into different species, while Eldredge 
and Gould, because of their species ontology, epistemology, and 
theoretical orientation, might predict to see stable species that 
show some reversible oscillations. Eldredge and Gould’s paper 
(1972e), in fact, was one of the fi rst scientifi c papers that I know 
of (though not the fi rst scholarly paper, as they acknowledge), that 
stated that theoretical outlook and orientation partly infl uenced a 
scientist’s conclusions, and Eldredge and Gould deserve credit for 
their intellectual honesty in this regard.

Gould on the Causes of Stasis

Early mechanisms for stasis, developmental constraint

There are several mechanisms that might explain why stasis is 
such a prominent pattern, and in effect this is the opposite side 
of the coin of the issues considered by Ross and Allmon’s (1990)
important paleontological perspective on the causes of evolu-
tion. Eldredge et al. (2005) recently comprehensively reviewed 
the mechanisms for stasis, and therefore this will not be the focus 
here (see also Williamson 1987); instead, the emphasis will be 
explicitly on Steve’s views on the causes of stasis and how and why 
his views changed through time. Steve’s ideas on the mechanisms 
of stasis span thirty years of published work from 1972 to 2002.
The original mechanism for stasis emphasized by Eldredge and 
Gould (1972e) focused on lower-level entities in the genealogical 
hierarchy and invoked some form of constraint relating to genetic 
homeostasis and the stability inherent in individual development.
Van Valen (1982) also endorsed this mechanism, and Steve 
(1980c) concentrated more specifically on developmental 
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constraint, arguing that change within species might be restricted 
to relatively few morphological pathways. This emphasis on self 
regulation and organismal development was clearly an attractive 
idea to Steve given his interest in development and ontogeny (e.g., 
1973i, 1977e). Since 1972, however, numerous examples have 
emerged in which that developmental constraint is absent. This 
includes the recognition of the substantial morphological changes 
that occurred during the domestication of plants and animals by 
humans (Williamson 1987); here Steve (2002c, 880) argued that 
constraint “does not play the strong role that I initially advocated.” 
Rather, he argued that such constraints were more important at 
higher taxonomic levels. This was probably related to a funda-
mental shift in Gould’s theoretical interests regarding organismal 
development. Early on he was mostly, though not solely, interested 
in patterns of morphological change within closely related lineages 
and their ontogenetic expression: for example, his work on allom-
etry (1966b) and then ontogeny and phylogeny (1973i, 1977e).
Later, however, his interests in development came to focus more 
on how it affected the origin of bauplans, fi rst with his interests in 
the Burgess Shale (1989d) and later homeobox genes (1997m, 
2002c; see also Dorit, this volume).

Stabilizing selection and stasis

Stabilizing selection is a mechanism that has frequently been 
cited as contributing to stasis (e.g., Charlesworth et al. 1982; Van 
Valen 1982; Williamson 1987; Cheetham et al. 1994) although 
Eldredge and Gould (1972e) did not mention it. There are in fact 
various problems inherent with invoking stabilizing selection as a 
mechanism for stasis. For example, such a mechanism requires an 
invariant environment over long periods of time, and such condi-
tions are known not to prevail (see Williamson 1987; Eldredge 
et al. 2005). Also, stabilizing selection was originally framed for 
the case of single populations and did not consider what would 
happen to species containing several populations; extrapolating 
between patterns and processes in the single population case and 
the patterns and processes in a species containing several popula-
tions is not straightforward (Lieberman et al. 1995; Lieberman and 
Dudgeon 1996, 2002c; Eldredge et al. 2005). In addition to the 
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theoretical problems, the mechanism is also weakened by a lack 
of empirical support from paleontological studies. For example, 
in a test of stasis and its causes in Middle Devonian brachiopods, 
Lieberman et al. (1994, 1995; Lieberman and Dudgeon 1996)
found no evidence that stabilizing selection played a role in medi-
ating stasis

Stasis and the nature of subdivided populations
Instead of stabilizing selection, Lieberman et al. (1995) and 
Lieberman and Dudgeon (1996) described a mechanism that 
focused on the organization of species into several demes, each 
of which occur in distinct environments (see also Eldredge et al. 
2005). In effect, stasis emerges as each deme within the species 
adapts or randomly drifts individualistically to a particular habitat 
in a subsection of the entire species’ geographic range; the result 
within the species will tend to be stasis, because as different parts 
of the species are diverging independently the sum of the changes 
will tend to cancel each other out and lead to no net change. The 
more environments a species is distributed in at any one time, 
the less change it will show through time (Lieberman et al. 1995;
Lieberman and Dudgeon 1996, 2002c). Steve referred to this as a 
mechanism mediating stasis that was related to the nature of subdi-
vided populations (2002c). The mechanism also predicts that a 
species broken up into a few or even one deme distributed in a few 
or even one environment will be more likely to diverge through 
time. The latter prediction makes sense in light of the allopatric 
model of speciation because it is the isolated, single population 
that tends to diverge.

Likely one reason this mechanism of stasis appealed to Steve was 
that it is a macroevolutionary explanation that focused on levels 
in the genealogical hierarchy (sens. Eldredge and Salthe 1984
and Eldredge 1986) above the level of the individual organism 
(2002c, 881). Steve argued that this mechanism explained stasis in 
a way that is not reducible to strict Darwinian, organismally based 
natural selection (2002c, 884).

Given the important role that Steve saw for stasis in evolutionary 
theory (2002c, 874), it was probably crucial that there might be 
some macroevolutionary explanation for it. (This was given added 
signifi cance now that developmental constraint did not seem to be 
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a prominent explanation for stasis.) This also meshed with Steve’s 
view that to understand evolution there needed to be some under-
standing of the uniqueness and common features of all the hier-
archical levels in the biological world (2002c, 830). In effect, this 
matches the contention (Feynman 1965; Lieberman et al. 1993)
that advancing our understanding in science requires expanding 
our knowledge of the connections between various hierarchies. 
Further, Steve probably thought it was advantageous that stabi-
lizing selection could not be the sole or even an important mecha-
nisms for stasis (2002c, 874) since this mechanism was simply in 
line with standard population genetic thinking and largely ignored 
hierarchical inputs.

Steve’s ultimate emphasis on hierarchies refl ected his deep 
commitment to macroevolutionary theory. This interest in macro-
evolution was one of the links between all of his different intellec-
tual and research endeavors.

Other mechanisms for stasis

The mechanism relating to the subdivided nature of populations 
differs from Sheldon’s (1996) plus ça change model in several 
respects. Sheldon’s (1996) model suggests that in a varying envi-
ronment species morphology will tend to remain stable, whereas 
by contrast environmental stability leads to change in species 
morphology. The model was developed to explain something 
that has troubled scientists since Darwin’s day: how such species 
as the wooly mammoth could persist unchanged through the 
dramatic environmental swings it experienced during the glacial 
period (Falconer 1868: see discussion by 2002c). Lieberman 
et al. (1995) and Lieberman and Dudgeon (1996) differed with 
the plus ça change model in that they argued it was important to 
distinguish between the species level and the population level; 
what matters is the environmental context of the populations 
within the species. This is the level where the adaptations to the 
various habitats a species experiences occur, not at the species 
level. By focusing solely on the environment the whole species 
experiences, not the various populations of the species, the plus 
ça change model misses an important aspect of the patterns and 
processes of stasis.
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Worthy of note regarding causes of stasis is Steve’s (2002c, 
801–2) discussion of Futuyma’s work (1987). Futuyma (1987)
argued that the spatial locations of habitats tend to shift through 
time as environments change. Because of this, local populations 
may merge and interbreed or even go extinct, making much of the 
geographic differentiation of populations ephemeral. Speciation 
is important because reproductive isolation and speciation guard 
evolutionary change and make it permanent. Thus, Futuyma’s 
idea (1987) is more a theory about how the formation of species 
leads to change rather than why species are stable through time. 
He described how change is injected into the phylogenetic stream. 
If one were to try to visualize Futuyma’s (1987) theory as being 
about stasis, however, as Futuyma (2002) viewed it, then his theory 
makes a set of predictions about stasis and its causes. Specifi cally, 
his theory predicts that as environments change through time, 
as they tend to do, habitats shift. Populations adapted to these 
habitats will merge and homogenize, and this gene fl ow will 
promote stasis (Futuyma 2002). This in fact partly matches the 
predictions of the plus ça change model, if one were to extend 
Sheldon’s (1996) focus to the population level, as during times 
of environmental and habitat change separate populations might 
merge more frequently. Futuyma (1987) (see also discussion in 
Gould 2002c, 801–2) also suggested, however, that the local 
extinction of populations that accompanies habitat shifts might 
make much of the geographic differentiation that occurs within 
species ephemeral. In one respect this is clearly true. In another 
respect, however, based on the work of Lieberman et al. (1995),
Lieberman and Dudgeon (1996), and the discussion in Gould 
(2002c), one might predict that a species with fewer populations 
present in fewer habitats should have greater potential for future 
evolutionary change. Thus, actually sometimes the phenomenon 
described by Futuyma (1987) could accelerate change rather 
than promote stasis.

Although Steve did not single out Futuyma (1987) as presenting 
a general mechanism for stasis, one thing that likely appealed to 
him about the mechanism was that it is hierarchical to the extent 
that it focused on populations existing within species and the effect 
this has on patterns of stasis and change within species lineages 
through time.
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Conclusions

One of the most groundbreaking theoretical advances in evolu-
tionary biology during the last thirty years was Eldredge and 
Gould’s (1972e) development of punctuated equilibrium. This, 
with the recognition that species are stable for long periods of 
time, contributed to a hierarchical expansion in evolutionary 
biology, as scientists came to focus more on the patterns and 
processes in entities above the level of the individual organism 
(Lieberman 1995). For instance, ideas on group selection did 
not originate with Eldredge and Gould (1972e), but these 
concepts and the related concept of species selection were given 
added signifi cance by the fact that species are not ephemeral 
(Lieberman 1995; Lieberman and Vrba 1995, 2005). Stasis also 
means that the fossil record is the only place to observe the long 
term dynamics of species; being evolutionarily signifi cant enti-
ties, this has real relevance to evolutionary biology. Thus, as 
mentioned already, there were many key contributions that Steve 
made to evolutionary theory, but twin themes that frequently 
emerged from his research and writings were the signifi cance 
the fossil record and a hierarchical way of thinking had for evolu-
tionary theory.

Paleobiology as a discipline benefi ted immensely from Steve’s 
contributions, because they advanced the prestige of the fi eld 
and spurred new insights. Sometimes biologists were (and are) 
more reluctant to acknowledge Steve’s contributions, yet one of 
the leaders in the fi eld of evolutionary biology acknowledged 
that “evolutionary biology has an immensely broader perspective 
than [before 1972 and punctuated equilibrium and now recog-
nizes] stasis, constraints, multiple levels of selection, differential 
clade diversifi cation, and historical contingency as valid prin-
ciples worthy of research; and that Gould played a leading role 
in bringing about these changes” (Futuyma, 2002, 663). It is 
depressing that Steve will not be around to witness, comment on, 
and contribute to the changes in evolutionary biology and pale-
ontology in the coming decades. Still, as scientists crawl along the 
road toward some emergent truth, we recognize that Stephen Jay 
Gould, because of the impetus of his research and vision, spurred 
a quantum leap forward down that road.
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Stephen Jay Gould

The Scientist as Educator

Robert M. Ross

In Steve Gould’s reply after receiving the National Association of 
Geoscience Teacher’s Neil Miner Award for teaching in 1984, he 
started his article: “I have never understood how people can read 
newspapers and drink coffee, never gazing out of the window, 
as they fl y over the folded Appalachians. We must make our 
students unable ever again to commit such a sin against nature’s 
beauty and their own intellects” (1984g). This, in fact, was the 
same example that Steve often used with his teaching assistants 
to explain what he wanted undergraduate students to get out of 
his popular Harvard course. Twenty years later, long after they’d 
forgotten all the factual details of the course, he hoped they 
would be more likely to look out their plane window with wonder 
and inquire about the origin of the sights below. This, at least he 
so claimed, summarized his most basic view of science education 
for the nonscientist done well.

Stephen Gould received the Neil Miner Award not for his 
writing, for which he received so many other awards and with 
which we are all so familiar, but for his undergraduate teaching. 
Because teaching is by its nature so much more local, few outside 
Harvard were exposed directly to Steve’s teaching and therefore 
most missed his more coherent approach to teaching an entire 
body of knowledge spread over the course of a semester.
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Many authors have commented on Gould’s scientifi c legacy and 
his life as a popular writer, but few have examined his life as an 
educator, particularly in the classroom. For example, it is notable 
that in Michael Shermer’s (2002) excellent review of Gould’s 
work, the only reference to Gould’s writings on education is one 
mention of “teaching” as one of the topics within the bin titled 
“interdisciplinary” (one of several that Shermer used to categorize 
all of Gould’s writings). Because few have examined Gould as a 
teacher, many seem not to have recogized his long service in this 
aspect of his career. Goldberg (1997) writes, interestingly, “Strictly 
speaking, Stephen Jay Gould is not an educator. He’s a paleontolo-
gist, Harvard professor, and arguably America’s fi nest and most 
commercially successful serious science writer . . . his career in 
education has been devoted to highly motivated graduate students 
and undergraduates.”

The present chapter is a brief attempt, personal and anecdotal, 
to recount Gould’s approach to education, undergraduate educa-
tion in particular. It is informed in part from my own experience 
as a graduate student “teaching fellow” (Harvard’s term for a 
teaching assistant) for three years in his large undergraduate class, 
from input from a number of people who knew him and saw him 
teach from the late 1950s on, and of course from his writings.

Like many of us, Steve was a teacher in many different contexts: 
he mentored several dozen PhD students; he taught several 
undergraduate courses, from one of Harvard University’s most 
popular “core” classes for nonscience majors to advanced classes, 
and he ran a weekly “brown bag” seminar on current research. 
I will concentrate more on Steve’s popular core class “History of 
Life” (Science B-16) than other areas of teaching, fi rst, because 
I am most familiar with it, but more substantively, because it is 
the one course he taught consistently throughout his career and 
because it refl ected many of the essential intellectual themes that 
also pervade his scientifi c interests in paleontology and in his 
popular writing.

1. Science B-16

Science B-16, the “History of the Earth and its Life” (later short-
ened to the “History of Life”) was to his teaching what his stretch 
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of 300 essays in Natural History were to his writing: over twenty-fi ve 
years of consistent devotion. Steve is well known to have made 
every lecture every year, even through two bouts of cancer, as if 
to emulate the hitting streak of DiMaggio that he so admired 
(Gould 1988h). When he arrived at Harvard in the late 1960s he 
began team teaching in what was more of an introductory geology 
class. After about ten years he began his own course, “Nat Sci 10,”
which evolved into Science B-16, a course that became renowned 
at Harvard and that he taught for more than twenty years.

Nat Sci 10 and Science B-16 took about 100 to 300 students 
per year (peaking in the early 1980s when his course was most 
popular) on a trip through the intellectual world of Stephen 
Gould, perhaps the most integrated look one could get of Steve’s 
mind, his last book (2002c) notwithstanding. A good account 
of this course by Steve himself is available in his published reply 
for the Neil Miner Award (Gould 1984g). In the course, using 
the style so characteristic of his essays, Steve told stories to get at 
bigger ideas, including planetary geology, the signifi cance of size 
and shape, contingency, rates of change, and understanding the 
history of ideas to put into perspective our own current under-
standings. He wrote (Gould 1984g) that he stuck to fi ve princi-
ples, which would be well applied to any large class for nonscience 
majors. Paraphrased, they were to:

 1. convey the subject’s excitement by focusing on those general 
theories that alter a layman’s perception of the world such as 
plate tectonics and evolution;

 2. use a history approach to emphasize the social human side of 
science;

 3. emphasize the different styles of science and recognize multi-
faceted ways of knowing;

 4. convey the practice and human side of science by assigning 
carefully selected research publications for reading (these 
went into a fat “source book” for the course);

 5. increase personal contact with the students by carefully choosing 
section leaders to run what he called “parallel courses.”

Steve insisted that he receive enough teaching fellows each 
semester to allow them to run discussion-based sections of ten to 
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twenty students. These sections, though containing some standard 
hands-on labs on rocks and fossils that reinforced or supported his 
lectures, were mainly intended to be mini-courses run indepen-
dently by the teaching fellows. Each teaching fellow chose their 
own section topics according to their interests and background, 
and in principle undergraduate participants chose their section 
according to the topics being offered.

Nat Sci 10 included three fi eld trips: to Cape Cod, to Essex 
Co., Massachusetts, and an overnight camping fi eld trip to 
the Connecticut River Valley. Former teaching fellow Patricia 
Kelley remembers, “That was quite a trip, with multiple buses 
and making all these kids do campfi re cooking and sleep in 
tents! We TAs taught the students actual physical geology and 
Steve talked about whatever was on his mind (Thomas Burnet 
or whatever—I would often see these topics appear as Natural 
History columns). He did some geology too—I remember one 
demonstration where he gleefully tore a strand of asbestos off a 
hand sample, as if he were defying death (interesting foresight 
there)” (pers. comm. 2006). Eventually this fi eldwork was stan-
dardized as one full day geological fi eld trip along the North 
Shore of Boston with all 300 students, many buses, and lots of 
donuts.

With such a large number of assistants, Steve could also afford 
to insist that exams were problem-based with essay-format answers. 
Steve and the teaching fellows created the tests collaboratively. 
Gould encouraged unusual or even bizarre questions that would 
make students think and apply essential concepts. Patricia Kelley 
(pers. comm.) remembers creating a question based on course 
content and being asked by Steve, “Where’s the anomaly in that?” 
In January 1986, one of the exam questions asked what we might 
expect to see on Miranda, a moon of Uranus, as the Voyager 2 was 
taking fl yby pictures that very day(see Schneiderman, this volume). 
To deal with such a large number of written answer exams, Steve and 
his TAs together spent an entire eight- to twelve-hour day grading 
and discussing the completed exams (Steve bought the pizza).

At best Steve Gould was a natural “showman”; he taught with 
energy and force. He was honest and straight-talking, and there-
fore provocative, even if not intentionally so. He had a reputation 
for being well prepared for lectures, and his lecture topics and 
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usually his individual lectures, like his essays, had a beginning and 
an end, with a take-home message.

The course was consistently very highly rated by students. 
Comments from Harvard CUE Guides (a student-edited review of 
Harvard course evaluations produced by Harvard’s Committee on 
Undergraduate Education) refl ect that Gould was an outstanding 
lecturer, and many of the comments run parallel to the sorts of 
comments one generally reads about his writing.

[Students] note that Stephen J. Gould is one of the most knowledge-
able and outstanding lecturers they have encountered at Harvard. 
Gould’s lectures are reportedly lively and interesting and make 
the subject comprehensible to virtually everyone listening. His 
knowledge of the material is unquestioned, and while he may seem 
distant and unapproachable at times, several respondents note that 
he is actually quite willing to help with questions. [1980]

Many students say that, because of the charm and brilliance of 
Professor Stephen Jay Gould and his section leaders, Science B-16
is the best course they have had at Harvard.

Students describe Professor Gould as witty, brilliant, and articulate, 
a showman who knows how to raise the interest of non-scientists 
and to make students think about what they are learning. [1983]

Nearly all respondents pronounce Professor Stephen Jay Gould 
a brilliant and dynamic lecturer; his wit and lucidity particularly 
delight enrollees. [1986]

Respondents are enthralled with Professor Stephen J. Gould’s presen-
tations, describing them as engrossing, lucid, and brilliant. [1989]

His lectures were, however, also frequently cited for pomp and 
bias:

He is criticized for being a bit pompous and egotistical; this turns a 
good number of students off, and some speculate that it even affects 
the way he deals with controversial issues in the course. While he 
freely admits his biases to the class and does deal with opposing views, 
many feel he could do even more to explain the opposition. [1980]

Some criticize him for being fairly dogmatic because of his comic 
discussions of opposing viewpoints. But others consider his treat-
ment of alternative views fair and entertaining. [1983]
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While a large number of those surveyed accuse Professor Gould 
of arrogance and pomposity, a few claim that he takes pains to be 
accessible. A minority of respondents complain that his presenta-
tion of the material is highly biased. [1986]

A few of those commenting, however, label him supercilious, 
arguing that he is both inaccessible outside of class and intolerant 
of questions during lecture. [1989]

His distractibility in the classroom was also a long-running theme:

. . . [a] small number report that he is easily distracted from his theme 
by students’ speech and movement in the lecture hall. [1986]

Over two fi fths of surveyed enrollees complain that he is an easily 
distracted or arrogant lecturer. Polled students specifi cally cite his 
frequent interruptions when students arrive late or leave early. [1992]

As many have suggested about his writings, his lectures seem to 
have lost their focus over the years:

. . . a large minority applaud his engrossing lectures. One sixth, 
however, bemoan their discursive nature. [1995]

Just over one-fi fth marvel at the brilliance that he brings to his 
presentations. However, an equal number gripe that lectures often 
digress. [1998]

Those polled describe Professor Stephen J. Gould as an excellent 
instructor (25%), calling him interesting (34%) and knowledge-
able (25%). Others state that he can be boring (22%), disorga-
nized (22%), and digressive (22%). [2001]

Student ratings of Gould’s effectiveness as a lecturer declined 
over the course of the two decades that he taught B-16, even as 
the average rating for Harvard professors increased slightly (fi gure 
10.1). Having been one of the most popular lecturer’s on campus 
in the early 1980s, by the late 1990s he was rated below average.

The workload and competitiveness of Science B-16 were not 
particularly noteworthy, being generally average or even slightly 
below. The grade distribution was fairly low, however, and the 
material was challenging. Students considered the course content 
engaging, even if they didn’t always “get it.” Many students took 
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Figure 10.1. Student ratings of Gould as an instructor for his course Science 
B-16, The History of the Earth and of Life, on a scale of 1 to 5 at three-year 
intervals from 1980 to 2001.
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the class because of Steve’s celebrity and perhaps did not make the 
effort they might have to grasp what he was trying to convey. Many 
or even most students had some diffi culty trying to fi gure out what 
was expected of them, being accustomed to memorizing large 
quantities of material as opposed to listening for a central concept 
that could be applied to other problems such as on exams.

Of course, like his essays, the very nature of his eclectic interests 
and dedication to preserving the complexity of the story also sacri-
fi ced clarity and comprehensibility in some cases. Teaching fellows 
in fact were frequently of the opinion that the ultimate success of 
the course depended on their absorbing Steve’s views especially 
well and then “translating” them to their section students. Steve 
was well known for not dumbing down his essays, and he similarly 
did not skip challenging topics in his lectures. Teaching fellows 
occasionally discovered that he assumed some concepts such as 
plate tectonics and the relative position of major events in geologic 
time to be common knowledge, overestimating enormously what 
students actually knew before coming into the class. This quality of 
being a bit out of touch with the background of his audiences may 
be in part what prompted him to approach topics at a high level 
without cluttering his teaching with detailed content reviews.
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The content of Science B-16 changed through the years, as he 
noted in an interview (Brown 2000): “I’ve taught this course on 
the history of Earth and life pretty much since I started; of course 
the content changes enormously.” The course syllabus, however, 
reveals that although the science changed through time (in fact, 
Gould was sometimes reporting on science that he and colleagues 
were in the process of creating), a glance at syllabi from 1986 and 
2001 (see table 10.1) show that the major concepts and topics 
remained more or less the same. (As of August 2008, material for 
the 2001 B-16 course, including syllabus and sourcebook refer-
ences, could still be found online at the “SJG Archive” (www.sjg
archive.org), a compilation of various Gould documents.)

Opinions vary even among his former teaching fellows regarding 
the effectiveness of his undergraduate teaching. A safe conclu-
sion is that probably most undergraduate students absorbed at 
least some concepts, but few came away with all. It was, ironi-
cally, perhaps the graduate students serving as teaching fellows 
for several years who benefi ted most, because one grasped Steve’s 
worldviews more clearly through repeated exposure and discus-
sion. It would be fascinating to be able to test Steve’s long-term 
teaching success with respect to his own criterion—how many of 
his students really are more likely to look out the plane window 
with interest in the origin or the landforms below?

It might have been his obvious dedication to teaching that had the 
greatest impact on his teaching assistants. Former graduate student 
Linda Ivany (Ivany 2002) wrote, “One thing that comes up over 
and over again when I talk with students of Steve was his unfailing 
dedication to teaching, particularly with respect to the large under-
graduate survey course that he taught. Steve was so unlike many 
other research professors, who often treat teaching like a chore and 
put into it only the minimum required effort. Steve taught us to 
value and aspire to excellence in our own teaching. In all the years I 
was at Harvard, I don’t recall him ever missing a lecture, and he was 
just as diligent about his offi ce hours. His current students . . . tell me 
that in the last semester of teaching his big History of Life course, 
he missed two classes because of brain surgery and chemotherapy. 
Good excuses, you’d think, for canceling class. But he insisted on 
making up those lectures at the end of the semester, and he gave 
the last one only a week and a half before he died.”

www.sjgarchive.org
www.sjgarchive.org
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Table 10.1 

Science B-16: The History of Life Course Syllabus, Spring 2001

I. Styles of Science, Modes of History, and Theories of the Earth

February 1

Questioning the New Millenium: Why we can’t predict the future but 
can (in principle at least) explain the past.

February 6

The nature of science and the nature of history.

February 8

Contingency, and Laplace’s demon at the battle of Gettysburg. The 
kinds of questions that science can and cannot answer.

February 13

Deep time as geology’s greatest revolutionary concept. Absolute and 
relative dating for the earth’s history.

February 15

Inherit the Wind.

February 20

The scientifi c revolution and the early history of paleontology.

February 22

The arrows and cycles of time. Thomas Burnet’s late 17th century 
Sacred Theory of the Earth.

February 27

James Hutton’s “world machine.” “Time is, to nature, endless and as 
nothing.”

March 1

Charles Lyell and the principle of uniformity. The power of cultural 
expectations in theories about the nature of things.

II. Evolutionary Theories and Fallacies

March 6

Charles Darwin’s revolution in thought.

continued
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Table 10.1  Continued

March 8

The factual basis of evolution.

March 13

Creationism as an American sociocultural phenomenon

March 15

Where adaptation and physical modeling work: size and shape from 
planetary surfaces to human brains to the architecture of the cathedral.

March 20

Critique of adaptationism and “evolutionary psychology”: sandals and 
spandrels.

March 22

Midterm exam

April 3

Critique of gradualism and the theory of punctuated equilibrium.

April 5

Full House: critique of progress and the perennial Age of Bacteria, or 
why no one hits .400 in baseball anymore.

April 10

Wonderful Life: critique of determinism and the fractality of contin-
gency from the origin of animals to patterns of human history.

III. Evolution and the Patterns in the History of Life

April 12

The origin and early history of life: problems of drawing conclusions 
from one experiment and thoughts on the grandest of all unanswerable 
(for now) questions: intelligent life (or life at all) on other worlds.

April 18

Using the fossil record and the developmental genetics of modern organ-
isms to understand the relationship and early history of animal phyla.

April 20

The Earth’s fi rst two multicellular faunas: Ediacara and the Cambrian 
Explosion.

continued
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2. General views on undergraduate education

Gould was well aware that large research-based universities such as 
Harvard are not ideal educational centers for undergraduates, and 
he made occasional reference to the excellent education he felt he 
had received at Antioch, a small liberal arts college. In a passage 
in Wonderful Life (1989d, 279), he writes:

Several years ago, Harvard University, in an uncharacteristic act of 
educational innovation, broke conceptual ground by organizing 
the sciences according to procedural style rather than conven-
tional discipline within the core curriculum. We did not make the 
usual twofold division into physical versus biological, but recog-
nized the two styles just discussed—the experimental-predictive 
and the historical. We designated each category by a letter rather 
than a name. Guess which division because Science A, and which 
Science B? My course on the history of earth and life is called 
Science B-16.

In this passage he manages to say something interesting about 
approaches to science and how it is taught, while taking a jab at 
both the Harvard educational system and at undervaluation of the 
historical sciences.

Table 10.1  Continued

April 24

Mass extinctions: Are they catastrophic? How do they pattern the 
history of life: expeditors of progress or the joker in the deck?

April 26

Contingent patterns in the evolution of vertebrates.

May 1

Human origins and modern racial variation: equality as a contingent 
fact of history.

May 3

Why contingent human history will not allow us to forecast and indeter-
minate future. Reasons for optimism despite these deepest uncertainties.
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Farther on in Wonderful Life, Gould notes the impact upon 
the emphasis of the mentor-graduate student relationship, and 
what it means for productivity and legacy, at research-driven 
universities:

. . . this system is largely responsible for the sorry state of under-
graduate teaching at many major research universities. A student 
belongs to the lineage of his graduate adviser, not the teachers of 
his undergraduate courses. For researchers ever-conscious of their 
reputation, there is no edge whatever in teaching undergraduate 
courses. You can do it only for love or responsibility. Your graduate 
students are your extensions; your undergraduate students are 
ciphers in your fame. I wish that this could change, but I don’t 
even know what to suggest.

It is interesting that he recognized and felt badly about the state 
of undergraduate education, and perhaps even his role in it, given 
his own reputation as an outstanding teacher.

3. The essayist as teacher

Steve was once quoted in an interview as saying that “Anything, 
even the conceptually most complex material, can be written for 
general audiences without any dumbing down. Of course you have 
to explain things carefully. This goes back to Galileo, who wrote 
his great books as dialogues in Italian, not as treatises in Latin. 
And to Darwin, who wrote The Origin of Species for general readers. 
I think a lot of people pick up Darwin’s book and assume it must 
be a popular version of some technical monograph, but there is no 
technical monograph. That’s what he wrote. So what I’m doing is 
part of a great humanistic tradition” (Krasny 1997).

Steve’s writing and lecturing, and even sometimes discussion, were 
notably similar to each other, and any review of Steve’s strengths as a 
teacher cannot be considered independently from his development 
as an essayist. According to one long-term friend and fellow writer 
(P. Long, pers. comm.), Steve’s writing bore close resemblance to 
his thought processes, and thus to the way he lectured, at least in 
part because he revised little after his initial drafts.

To quote one short biography, “Gould’s mission as a writer of 
accessible essays and books aimed at a broad literate public is not 
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overtly pedagogic. In this sense he was not a spokesman for science 
or a teacher for the masses” (Lowood 1998). He did not refer 
to trying to reach anyone [P. Long, pers. comm]. From Long’s 
perspective Steve’s essay career with Natural History magazine 
was a defi ning event, a historical contingency in his own life, an 
enormous opportunity without which his career might have been 
differently shaped. In particular, the monthly column provided a 
certain intellectual freedom to follow eclectic interests within the 
disciplined context of deadline and, at least early in the series, 
length constraints.

Communicating via both essays and lecturing provided inspira-
tion for each. Some lectures and classes drew from or were based 
entirely around the content of his essays. On the other hand, some 
of his teaching early in his career later showed up in his Natural
History columns. It is interesting to contemplate to what extent, 
if any, his essays were informed from the direct response of audi-
ences to his teaching.

4. Steve and trends in science education

Although Steve was not directly involved in education outside the 
university, except through lectures and essays, it is evident that he 
cared deeply about it, at least in part through his involvement in 
debates about evolution in the public schools (see also Allmon, 
this volume).

In an interview, he said, “I think [children’s interest in science 
is] there already. That’s why I take heart. It’s true that the level 
of scientifi c knowledge among adults is very low, but that’s not 
because there isn’t a natural interest. I think most kids are fasci-
nated by the natural world. I’ve often said that if you could quan-
tify the mental power involved in all the dinosaur names correctly 
known and correctly spelled by fi ve-year-old kids in America, you 
could move any mountain on earth” (Krasny 1997).

Over the course of Steve’s career, several trends and events 
in national K-16 science education took place. In part this 
involved new curricula, including Earth science curricula in the 
1960s that featured problem-based learning (the Earth Science 
Curriculum Project; ESCP 1973). There was increased interest 
in constructivism and the importance of inquiry-based learning, 
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which was codifi ed in landmark works such as Science For All 
Americans (AAAS 1989) and Benchmarks for Science Literacy (AAAS 
1993) from the American Association for the Advancement of 
Science, and the National Science Education Standards (NRC 1996)
from the National Research Council of the National Academy 
of Sciences. These documents established Earth science as 
one of the core sciences with physics, chemistry, and biology. 
The American Geophysical Union published Shaping the Future
on post-secondary Earth science education in 1996 (Ireton 
et al. 1996) and NSF began the Geoscience Education funding 
program in 1998 (NSF 1998).

He was by and large not plugged into the science education 
community, but Steve’s teaching philosophy and emphasis were 
consistent with some of the recommendations coming out of these 
reforms, such as emphasizing science as a process and as an acces-
sible subject to all. And he was not uninvolved as a science educa-
tion advocate. Perhaps most conspicuously, he worked on keeping 
evolution in the public schools (e.g., 1999g). Patricia Kelley wrote, 
“his efforts were tireless to support the teaching of evolution in 
public schools and to clarify the relationship between science and 
religion” (Kelley 2002). One story relates that in 1981, when he 
appeared in Arkansas as one of six expert witnesses in a lawsuit 
challenging the constitutionality of that state’s new law requiring 
teachers to cover both evolution and creationism in their biology 
classes, several Arkansas teachers also testifi ed. Steve remembered 
that one high school teacher, asked what he would do if the law 
was upheld, “looked up and said, in his calm and dignifi ed voice: 
‘It would be my tendency not to comply. I am not a revolutionary 
or a martyr, but I have a responsibility to my students, and I cannot 
forego them.’ ” Recalling the incident, Steve added a benediction: 
“God bless the teachers of this world” (Linder 2004).

But he did not apparently look outside of his own long-standing 
approaches to education, or concern himself with developments 
in educational research. Most of the people spoken to for this 
paper agree that Steve “did what he did,” and changed little over 
the course of his university career. Any similarities to ongoing 
trends in education were his own parallel efforts to make science 
more engaging. On the other hand, some his graduate students 
who were heavily infl uenced by Steve in their own approaches 



 The Scientist as Educator 257

to education (including the editors of this volume, e.g., Allmon 
and Ross 2004; Kelley and Burks 2004) now are involved in 
precollege and public education and are, more generally, inte-
grated into the community of individuals seeking to improve 
science education.

Recently, an NSF-funded conference on reform in K-16
Earth and space education promoted the idea of an education 
“Revolution” (Barstow and Geary 2002) that emphasizes Earth 
as a system, inquiry-based teaching, and strategic use of Internet 
and visualization technology. Some of us already employ these 
strategies in our own classes, including fi guring out how to better 
engage students in large lecture format classes. Steve’s teaching 
was broadly consistent with at least two of these three basic 
aspects of the mission of the revolution, emphasizing the nature 
and process of science over facts, and emphasizing systems and 
models, but in practice the means to this revolution were outside 
of his apparent area of interest or activity. In particular, little in his 
teaching was connected to recent opportunities for data analysis 
and visualization. Though he was no stranger to inquiry or discus-
sion, and he created opportunities for discussion in his sections, 
most of his own teaching was lecturing.

Mentoring of graduate students

Steve’s style of mentoring may be less distinctive than who he was 
as a lecturer and essayist, but it was consistent with some of the 
qualities that were distinctive of him as an educator: loyalty and 
dedication, with high student expectations. Steve gave an unusu-
ally detailed account of graduate student mentoring in Wonderful 
Life (1989d, 139–40):

In some fi elds, particularly those with large and expensive labo-
ratories dedicated to the solution of defi nite problems, you must 
abandon all thought of independence, and work upon an assigned 
topic for a dissertation (choice in research is a luxury of later post-
doctoral appointments). In more genial and individualistic fi elds 
like paleontology, you are usually given fair latitude in choosing 
a topic, and may emerge with a project uniquely your own. But in 
any case you are an apprentice, and you are under your mentor’s 
thumb—more securely than at any time since the early years of 
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primarily school. . . . If you work well together, and your mentor’s 
ties to the profession are secure, you will get your degree and, by 
virtue of his infl uence and your proven accomplishments, your fi rst 
decent job.

It’s a strange system with much to criticize, but it works in its own 
odd way. At some point, you just can’t proceed any further with 
courses and books; you have to hang around someone who is doing 
research well. (And you need to be on hand, and ready to assimilate, 
all the time, every day; you can’t just show up on Thursday afternoon 
at two for a lesson in separating parts from counterparts.) . . .when it 
works. . . . I cannot imagine a better training.

It is interesting to refl ect on the degree of idealism in this 
passage relative to the reality of Steve’s mentoring style. No one 
went to work with Steve to learn the protocols of fi eld work or the 
details of their taxonomic group of choice. Certainly none of us 
were instructed on separating parts from counterparts. But at least 
up until his later years, however, he was unfailingly available to 
meet if requested, to discuss the general issues surrounding one’s 
work. The passage continues:

Many students don’t understand the system. They apply to a school 
because it has a general reputation or resides in a city they like. Wrong, 
dead wrong. You apply to work with a particular person. As in the old 
apprenticeship system of the guilds, mentor and student are bound by 
mutual obligations; this is no one-way street. Mentors must, above all, 
fi nd and provide fi nancial support for students. (Intellectual guidance 
is, of course, more fundamental, but this part of the game is a plea-
sure. The real crunch is the search for funding. Many leading profes-
sors spend at least half their time raising grant support for students.) 
What do mentors get in return? This reciprocation is more subtle, 
and often not understood outside our guild. The answer, strange as 
this may sound, is fealty in the genealogical sense.

The work of graduate students is part of a mentor’s reputation 
forever, because we trace intellectual lineages in this manner. I was 
Norman Newell’s student, and everything that I ever do, as long as 
I live, will be read as his legacy. . . . I happily accept this tradition and 
swear allegiance to it—and not for motives of abstract approbation 
but because, again as with the old apprenticeship system, I get my 
turn to profi t in the next generation. . . . The greatest benefi t is an 
exciting lab atmosphere for the moment—but I am not insensible 
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to the custom that their future successes shall be read, in however 
small a part, as mine also.

Many, perhaps most, of Steve’s former graduate students can 
identify with the general sense of this passage, in that, though Steve 
was tugged in many directions, he was able to be loyal to those 
students with whom he felt a commitment in part by turning away 
those he felt were asking of his time without his prior consent. (He 
especially bristled at those who took his time because of his celeb-
rity status. After one encounter he was heard to exclaim, “I’m not 
a [expletive deleted] tourist attraction!”) He placed much trust 
in his students, surely in part because he had to, given his time 
constraints, empowering his students to choose and run their own 
research programs, to run their own course within his course, and 
to make decisions about the facility and seminars. He was long 
committed to a weekly brown-bag seminar, even during his illness, 
in which many of us actively debated with him on the issues of the 
time, but in which he would also often pontifi cate on his views, 
sometimes all-too-familiar, sometimes insightful tweaks on familiar 
themes, and occasionally surprising us.

Former student Linda Ivany expressed some of these thoughts 
about Steve’s treatment of his graduate students (Ivany 2002): 
“One of the things I’ve always admired about Steve is that his 
support for his students was unfaltering. He never made any of 
us feel intellectually inferior; he always treated us as equals. . . . In 
fact, as one of his students recently mentioned to me, that was 
sometimes one of the hardest things to deal with—trying to live 
up to his high opinion of our intelligence and ability. But then his 
support and confi dence in us was a great motivator as well—we 
knew he expected a lot of us, and we didn’t want to let him down, 
so we worked hard.”

Take away messages

I asked former student Dana Geary what she’d learned about 
teaching from Steve. “Never, ever, ever eat an apple while 
lecturing,” she quipped. More substantively, following is a brief 
summary of a few qualities of Steve as an educator, and as a teacher 
in particular, to which we can aspire. Many of these have already 
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been adopted consciously or not by twenty-plus years of graduate 
student teaching assistants (now out teaching their own students) 
whose teaching was infl uenced by his approach and thinking, and 
many others such as colleagues and undergraduate students who 
were infl uenced at least indirectly.

 • Steve had high expectations of his students and his reading 
audiences. Few resented that and most of us rose to the 
challenge.

 • Steve had an intense loyalty to those for whom he felt he had 
accepted a responsibility, although this meant being guarded 
of his time with those he did not.

 • Steve provided a model case for making the effort to under-
stand the origin of our own scientifi c beliefs and to pass on 
that context.

 • Steve had a remarkable dedication and perseverance to carry 
out his teaching responsibilities that he carried with him 
right to the end of his life. In a way, this was an extension of 
his loyalty.

 • Steve brought a part of himself and his experiences to 
teaching. While some considered this pretentious, it also gave 
a dynamic and personal feel to his teaching.

 • Steve helped us to think differently, to think more broadly 
and to look ourselves for cross-cutting general principles. Of 
course, that is a result in part of the way he did science, but it 
also informs our teaching.

 • Steve operated in several spheres, from the general public 
to undergraduate non-science majors to advanced students. 
He educated through lecturing, writing, discussing, and 
entrusting his section leaders. And he demonstrated the 
potential for increasing the breadth of our scholarship and 
teaching as an integrated part of sharing what we love.
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Stephen Jay Gould

Remembering a Geologist

Jill S. Schneiderman

I was a teaching assistant (Harvard calls them “teaching fellows”) 
from 1983 to 1987 in Steve Gould’s renowned introductory 
course at Harvard, “The History of Earth and Its Life” (see also 
the chapter in this volume by my sometimes fellow Rob Ross, one 
of my colleagues in this endeavor). Some of this time coincided 
with Steve’s diffi cult fi rst fi ght with cancer. Despite his illness, 
Steve never missed a class or his weekly meeting with his teaching 
fellows—a fact of which he was justly proud.

I felt during those years that Steve was very engaged with our 
group of teaching fellows. Perhaps what I felt as engagement was 
his response to the vulnerability that one might feel during a 
period of grave illness. Or maybe, as a student of metamorphic 
petrology at the time, I wasn’t as awed by him as some of the pale-
ontology students might have been, and consequently Steve and 
I had an easy relationship. It was only 1983, he was only forty-
two, I hadn’t taken paleontology as an undergraduate and had 
not yet come to appreciate the signifi cance of his work. So to me, 
at the time, Steve was just a geology professor with whom I inter-
acted with ease. Nonetheless, I experienced Steve as a professor 
who seemed to be quite invested in the thinking of those students 
whom he had entrusted as leaders of what he called, the “parallel 
courses,” more commonly thought of as discussion sections, to his 
large lecture course.



264 Jill S. Schneiderman

I’ll forever be indebted to University of Wisconsin paleontol-
ogist Dana Geary, Steve’s head teaching fellow at the time, for 
suggesting me to Steve as a teaching fellow for the course. At my 
fi rst meeting with him, how little I appreciated that I was encoun-
tering a person who would affect my intellectual development and 
my career in fundamental, meaningful, and sustaining ways from 
that day forward.

I choose to remember Steve as a geologist. In fact, when his 
obituary in the New York Times referred to Steve at “one of the 
most infl uential evolutionary biologists of the 20th century” and 
never mentioned that he was a geologist, I felt compelled to write 
a cranky letter to the editor (unpublished) to complain! Other 
obituaries and tributes that followed his death similarly focused 
on Steve’s work on the history of life and evolution as a process. 
Although some writers referred to him as a paleontologist, none 
called him a geologist. His professorships in zoology and biology 
at Harvard and New York University notwithstanding, Steve was
indeed a geologist, and he would have never eschewed the label. 
In fact, I know that Steve would want geologists to raise their voices 
and claim him as one of us, after the fashion in which he claimed 
Darwin for geology based on his work on coral atolls.

Unsurprisingly, I perceived Steve strongly as a geologist. He 
wanted me as a teaching fellow, not because I knew about fossils but 
because I knew about minerals and rocks. Steve required all under-
graduates in his course to learn about minerals, rocks, and geolog-
ical maps, and take part in a day-long fi eld trip to examine volcanic 
and sedimentary rocks along the New England coast, so we “hard 
rockers” were important for the course at least in that regard. Steve 
allied himself with what he lovingly called “the dummy science” (he 
lamented the dearth of scientifi c awards and recognition bestowed 
upon geology’s practitioners), considered the Geological Society 
of America (GSA) his organization (one might be tempted to call 
him “a card-carrying member of the GSA”), and asserted geology’s 
critical importance for being located, in his words, “at the fulcrum 
of historical and ahistorical science.”1

Apropos of this distinction, Steve seemed each year during his 
course to relish the lectures in which he articulated the system-
atic structures of silicate minerals. As anyone who has read his 
essays and books knows, Steve perhaps loved nothing more than to 
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refl ect on the process and nature of science, and on the activities of 
scientists. He asserted that there was no such thing as the scientifi c 
method and went to great lengths to demonstrate for his students 
examples of different styles of doing science some appropriate to 
historical science and others appropriate to ahistorical science. 
He quoted Wordsworth’s poem “The Tables Turned” to convey the 
derision with which reductionism—the stereotypical methodology 
of ahistorical science—has sometimes been received.

Sweet is the lore which Nature brings;
Our meddling intellect
Mis-shapes the beauteous forms of things:—
We murder to dissect.2

But Steve celebrated the success of Cartesian thinking applied to 
the endeavor of understanding the silica tetrahedron and silicate 
mineralogy. In his words it was “reductionism in its most elegant 
form,” “reductionism triumphant” for the arrangement of silica 
tetrahedra, whether isolated or linked into rings, chains, or frame-
works, all came down to the size and charge of ions.3 He seemed to 
love the fact that the submicroscopic level had implications for the 
macroscopic level, that out of this schema fell the physical proper-
ties of minerals such as specifi c gravity and cleavage, the sequence 
of crystallization of minerals from cooling magma, the order of 
weathering of minerals at the earth’s surface, to name just a few 
mineralogical phenomena made understandable by breaking 
down whole systems into constituent parts. With a gleeful grin he 
savored the moment each semester when he got the chance to 
peel along its plane of cleavage a window-sized sheet of muscovite. 
Who above the age of seven would derive such joy from this action 
but a geologist?

Perhaps what also affected my perception that Steve was funda-
mentally a geologist, albeit one whose work had critical implica-
tions for evolutionary biology, but a geologist fi rst and foremost, 
was the fact that during part of my tenure as a teaching fellow for 
his course, he was passionately at work on his book, Time’s Arrow, 
Time’s Cycle: Myth and Metaphor in the Discovery of Geological Time
(1987c). As a result, during those years, he immersed us in the writ-
ings of Nicolas Steno, Thomas Burnet, James Hutton, and Charles 
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Lyell. I relished hearing his thoughts on neptunists and plutonists, 
the igneous nature of basalts, and the momentous signifi cance of 
geological unconformities.

With regard to the idea of punctuated equilibrium, the stability 
of species in the fossil record was, in Steve’s words, the “proper 
expression of geological time.”4 As one might have expected, Steve 
devoted a substantial portion of his intellectual efforts to eluci-
dating the idea of geological time and its history. It’s this appre-
ciation of geological time among other aspects of the science that 
made Steve a geologist. Indeed, Steve referred to geological time 
as “his discipline’s greatest contribution to human thought,” and 
wrote “I love geological time—a wondrous and expansive notion 
that sets the foundation of my chosen profession” (1990s; 1993l,
48). And it was not only the formulation of relative geological time 
that he loved. Steve enjoyed being able to render the scientifi c 
history of our understanding of the earth’s age beginning with Lord 
Kelvin’s 1866 paper “The Doctrine of Uniformity in Geology Briefl y 
Refuted” and ending with the discovery of radiometric dating. As 
Steve wrote, “However elegant his calculations, they were based on 
a false premise [the assumption that the earth’s current heat is a 
residue of its original molten state and not a quantity constantly 
renewed] and Kelvin’s argument collapsed with the discovery of 
radioactivity early in our century” (1983w; 1985y, 128). Among 
the lessons Steve would have his geologist colleagues learn from 
that episode in the history of science, was “Geologists should have 
trusted their own intuitions from the start and not bowed before 
the false lure of physics” (1983w; 1985y, 128).

In her essay “Geology: The Bifocal Science,” Sue Kieffer refers 
to geologists as the “elders of the planet” for our ability “to see 
the planet in three spatial dimensions” as well as across the fourth 
dimension of time. She writes, “Just as the person who looks through 
bifocal lenses can see both far and near objects, our science allows 
us to look at the evolution of our planet at many scales of space 
and throughout all of geological and astronomical time” (Kieffer 
2004). Another mark of Steve’s “geologicalness,” if you will, was his 
appreciation of space and scale. In one of my favorites among his 
essays, “The Great Scablands Debate” (1978o), Steve tells the tale 
of the vindication of J Harlen Bretz, whose catalog of evidence of 
a catastrophic fl ood in southeastern Washington initially failed to 
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convince the geological community about the origin of the chan-
neled scabland’s features. Steve wrote:

But when the fi rst good aerial photographs of the scablands were 
taken, geologists noticed that several areas on the coulee fl oors 
are covered with giant stream bed ripples, up to 22 feet high and 
425 feet long. Bretz, like an ant on a Yale bladderball, had been 
working on the wrong scale. He had been walking over the ripples 
for decades but had been too close to see them. . . . Observations can 
only be made at appropriate scales. (1978o; 1980h, 199)

This appreciation of another cornerstone of geology—spatial vari-
ation over distance and time—may have also motivated his writings 
on continental drift, plate tectonics, and planetary phenomena.

In the early 1980s I’d listened to Steve in lecture wrestle with 
the question, “was plate tectonics a universal physics?” While doing 
so, he reveled in images of planets and their satellites in space, 
marveled at the space program’s accomplishment of melding 
knowledge and wonder. He was taken by the idea that

simple rules of size and composition would set planetary 
surfaces. . . . Small bodies . . . (would) experience no internal forces 
of volcanism and plate tectonics and no external forces of atmo-
spheric erosion. In consequence, small planets and moons should 
be pristine worlds studded with ancient impact craters neither 
eroded nor recycled during billions of years. Large bodies, on the 
other hand, maintain atmospheres and internal heat machines. 
Their early craters should be obliterated, and their surfaces, like 
our earth’s, should bear the marks of continuous, gentler action. 
(1989t; 1991a, 507)

But Voyager images of Io, had led him to question his 1977
assertion that “the difference (between planetary surfaces) arises 
from a disarmingly simple fact—size itself, and nothing else”

(1991a, 491–492).
In January 1986, when the Voyager spacecraft was scheduled 

to fl yby Uranus and its moons, Steve and his teaching chose to 
include on the upcoming fi nal exam a question related to the 
fl yby (see also Ross, this volume). The date of the exam had been 
set for the same morning that Voyager would be relaying photos 
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of Uranian moons back to earth.5 The question asked students on 
what basis one might predict the level of activity on the surface 
of Miranda, the smallest of the planet’s major moons. “Miranda’s 
countenance,” as Steve put it, with its subsequently revealed 
fractured and reaggregated terrain, undid whatever conviction 
Steve had left in the size hypothesis. But to Steve’s thinking, the 
discovery about Miranda’s intense surface activity, as well as the 
later discovery of activity on Neptune’s moon Triton, led to the real-
ization that, as he wrote, “Planets are physical bodies that require 
historical explanations. . . . [they]) are not a repetitive suite, formed 
under a few simple laws of nature. They are individual bodies with 
complex histories.” What a vindication of sorts, for a geologist who 
had worked throughout his career to show in his words, “that the 
sciences of history may be different from, but surely not worse 
than, the sciences of simpler physical objects . . . large and adequate 
theories usually need to forage for insights in both physics and 
history” (1991a, 497–98). Steve joked in writing, that he wished 
his publisher would lose all unsold copies of The Panda’s Thumb in 
which he made his prediction about planetary surfaces.6 But if they 
did, we’d also lose the record of his prescience regarding plate 
tectonic theory. Steve wrote, “I am not distressed by the crusading 
zeal of plate tectonics. . . .My intuition. . . tells me that it is basically 
true” (1977o; 1977f, 167).

I experienced Steve as a geologist, not only through his lectures 
and writings, but in the fi eld. After I earned my PhD and went to 
teach at Pomona College, he visited on a few occasions. He exam-
ined the San Onofre breccia with interest for its historical impor-
tance as evidence of tectonic activity recognized by A. O. Woodford 
in 1925. And with enthusiasm for his late 1980s pudginess and 
the return to health that it signaled, he clambered with me in 
unselfconsciously ungainly fashion over Precambrian gneisses and 
Cretaceous granites in Joshua Tree National Park. Steve loved the 
desert (see 2002f ), and I found this fact somewhat odd. Since 
we were both Jewish kids from Queens with alma maters of P.S. 
somethings, I fi gured he’d be more inclined to the lush green 
landscapes of the Catskills—like I was.

Our common cultural background drew me to Steve. “Jewish 
geologist” is practically an oxymoron. Steve was fond of recounting 
his relatives’ response to his plan to become a paleontologist: 
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“That’s a profession for a Jewish boy?” (1977e, ix). And I can hear 
him laughing at my characterization of our fi eld as “the goyish 
science.” Steve was a port in a storm for me. There were few 
women graduate students in geology at Harvard when I studied 
there, and no women occupied tenure-track faculty positions in 
the Department of Geological Sciences until my last year. During 
my time at Harvard, any women around were likely to be shiksas. 
I bonded with Steve as a New York Jew.

Steve averred that he was uninterested in the politics of science. 
Yet he used science to affect politics, in particular to work for social 
justice. He wrote and lectured about the limitations of biological 
theories of race and sex. I learned from him that geology could 
be put to work in the service of social justice, something that I try 
to do today in my own work on the distribution of environmental 
risk (Schneiderman and Sharp 2003). In a walk together over 
the Roebling Suspension Bridge from Cincinnati to Covington, 
Kentucky, and back during the 1992 annual GSA meeting, Steve 
encouraged me to pursue a GSA Congressional Science Fellowship 
to put my geological knowledge to work on policy issues that 
mattered to me. (I did.)

The years since Steve died have offered up many opportunities 
to miss this twentieth-century polymath. At such moments as the 
address to the NBER Conference on Diversifying the Science and 
Engineering Workforce on January 14, 2005, Harvard’s president 
Lawrence Summers attributed the minority status of women in 
science to “different availability of aptitude at the high end,” I feel 
acutely Steve’s absence, for I know he would have helpful remarks to 
make about the perils of biological determinism and essentialism. 
If Steve were still alive, he would not be surprised that evolution is 
once again under siege across this country; he always asserted that 
any moment in social history is simply a pendulum’s slice of a social 
spectrum. But he would confront in writing individuals such as 
Rabbi David Eidensohn who, in an article published by Concerned 
Women for America (2005) wrote, “Evolution is not a scientifi c 
process, said Mr. Gould. ‘If the Tree of Life was planted anew,’ said 
he, ‘life would not form as we know it.’ Gould stood evolution on 
its head. . . .The fossil record opposes Darwinian biological evolu-
tionary process.” Steve would have told us that Rabbi Eidensohn’s 
half-quotes and misquotes are typical creationist tactics. He would 
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weigh in once again on the renewed debate about evolution in 
the classroom in eloquent and convincing terms. The December 
2004 tsunami in Indonesia surely would have drawn his insightful 
commentary about the scale and timing of geological events and 
their human toll. In contrast, Steve would have delighted in the 
revelations of NASA’s Mars exploration rovers, Opportunity and 
Spirit, in their pursuit of geological clues to a once-watery Martian 
environment. And of course he would have thrilled to the ecstatic 
fi nish of the Boston Red Sox against the New York Yankees in the 
2004 World Series.

I’m currently a geology professor at Vassar College just up the 
river from the Palisades sill, rock I imagine Steve gazed at knowingly 
from the galleries of the Cloisters. At every Vassar convocation, we 
sing Gaudeamus igitur, a piece regarded as the oldest student song 
and the embodiment of the free and easy student life. Its origin 
comes from a Latin manuscript dated 1287, the music from 1794.
Choral music was one of Steve’s well-known loves, along with base-
ball and architecture. The fi rst verse of Gaudeamus igitur seems to 
me a fi tting tribute to a scientist who I will always remember as a 
geologist:

Let us therefore rejoice, while we are young:
After the joys of youth,
After the troubles of old age
The earth will have us.
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Gould’s Odyssey

Form May Follow Function, or Former Function, 

and All Species Are Equal (Especially Bacteria), 

but History Is Trumps

R. D. K. Thomas

Few scientists in our time have had such fervent admirers and 
such virulent detractors as did Steve Gould. In part, this refl ects 
contrasting elements of his strong personality. In part, it refl ects his 
intellectual style, which was by turns magisterial, warmly humane, 
richly synthetic, and aggressively combative. It also refl ects the fact 
that, for all its legitimate claims to intellectual rigor, his scientifi c 
work was intensely personal. The nature of his engagement with 
paleontology which he dearly loved, with evolutionary theory 
which he aspired to remake in his own mold, and with life, which 
he treasured all the more having almost lost it, is admirably illus-
trated by the trajectory of his thinking on the classic theme of 
form and function.

Steve approached the analysis of form initially through its role 
in the functions of the particular extinct and living animals that 
he studied in detail. Increasingly over the course of his career, he 
came to treat function in general as an essential counterpoint to 
other factors that infl uence the course of evolution, on which he 
focused his attention. His mature preference was to see individual 
organisms, evolving lineages, and the great evolutionary faunas 
of the Paleozoic, Mesozoic and Cenozoic all as unpredictable, far-
from-equilibrium systems, characterized by unique, disjunctive, 
temporarily stable states, although he did not defi ne them in these 
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terms. This worldview was bound, sooner or later, to bring him 
into confl ict with proponents of equilibrium models in the analysis 
of form, behavior, and the dynamics of evolving populations.

In his earlier work, Steve’s functional interpretations of organic 
form were largely those of a conventional Darwinist. Studying 
the worm snail, Vermicularia spirata, he set out “to test the hypoth-
esis that rapid upgrowth is the adaptive reason for uncoiling in 
V. spirata and, further, that attachment to the [delicately branching 
coral] Oculina favors such growth” (1969g, 437). He showed that 
the degree of uncoiling of the shell of V. spirata is indeed corre-
lated with variation in the growth form of Oculina and other poten-
tial substrates. The straightest worm snail shell that he observed, 
however, was only 48 percent uncoiled, far from the hypothetical 
straight, tubular shell that represents the optimum design for 
upward growth (see fi g. 12.1). Steve recognized that this devia-

Figure 12.1. Shells of the worm 
snail, Vermicularia spirata, showing 

varying degrees of uncoiling. Early 
whorls form a tightly coiled, high-
spired shell, comparable to that of 

typical members of the Turritellidae. 
Ratios of actual height to the 

height of a regularly coiled shell of 
comparable whorl length are (A) 
3.2, (B) 2.0, and (C) 0.65. (From 

1969g; reprinted with permission of 
the Bulletin of Marine Science)
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tion from a paradigm based on a single function was due in part 
to the infl uence of another adaptive factor, the need for attach-
ment sites along the length of the shell. This variable, however, 
did not adequately explain the extent of irregular coiling of the 
shell that is observed. The adult form of these animals emerges by 
departure, early in the course of shell growth, from a tightly coiled, 
high-spired juvenile shell like those of the turritellids, to which 
Vermicularia is related. This inherited growth pattern continues 
to infl uence the form of the shell throughout its development. 
Hence, the “ecological advantages of upward growth are counter-
acted by the genetic constraint of spirality” (1969g, 442).

Steve’s graduate and later work on the Bermudian land snail 
Poecilozonites is best known for the use Niles Eldredge and he made 
of it, to illustrate their novel and since-much-debated concept of 
punctuated equilibrium. On the basis of detailed quantitative anal-
ysis of variation in shell shape, Steve was able to distinguish popula-
tions he recognized as distinct subspecies, with thinner and more 
angular, paedomorphic shells than those of long-ranging lineages 
from which they were derived (see fi g. 12.2). These novel subspe-
cies evolved repeatedly on lime-poor soils, developed under wet 
climatic conditions. Summarizing this work, Steve observed that 
“The major temporal variations of morphology in the Poecilozonites
bermudensis zonatus stock are adaptive in nature” (1969h, 491).

From the outset, Steve’s main interest was to explore the rela-
tionship between size and shape in these shells. Allometric growth 
facilitates change in shape and limits potential size increase, both 
in individual development and in evolving lineages. This implies 
that the power function k, derived from measurements of any two 
characters that have a nonlinear, exponential relationship, should 
in general be smaller in larger animals. Steve showed that this was 
so for three species of Poecilozonites (see fi g. 12.3; see also analogous 
variation within a single species, P. cupula, see fi g. 12.2). Hence, he 
confi rmed his expectation that “proportion changes in phylogeny 
may be required correlates of trends in size variation. An altera-
tion in shape is not ipso facto an adaptation” (1966b, 1131). He 
went on to argue that “Lineages whose small members maintain 
high k values for allometric relationships should either lack large 
representatives or show progressive decrease in k with increasing 
size” (1966b, 1138). Steve had convincingly demonstrated that 



Figure 12.2. Shells of the land snail, Poecilozonites, described by Gould (1969h).
1–5: Five distinct Pleistocene subspecies of P. cupula, showing a range of 
variation in shell shape exceeding that observed in the allometric comparison 
of populations from three different species by Gould (1966b). Scale, x 2.5. 6–7:
Shells of P. bermudensis zonatus, showing distinctive color banding characteristic 
of populations isolated in western and eastern Bermuda, respectively. These 
are the root stocks from which subspecies cited as key examples of evolution 
in the mode of punctuated equilibrium were derived (Eldredge and Gould 
1972). Scale, x 2. (From 1969h; reprinted with permission of the President and 
Fellows of Harvard College)
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this was the case in Poecilozonites. It is important to note, however, 
that there is an inherent weakness in the contention that k limits 
size. If members of an evolving lineage stay small, k is inferred to 
exert constraint. If they increase in size, the concomitant reduc-
tion in k is interpreted as adaptation to enable size increase. Both 
may be true, but these hypotheses require independent verifi ca-
tion, without which they are simply “just so stories.”

Steve made only one substantial foray into biomechanics. 
Prompted by work on shell growth patterns in the bivalve Glycymeris
that refl ect the function of the ligament and adductor muscles 
(Thomas 1975), he saw the opportunity to apply these ideas to a 
more interesting system. Steve set out to assess ontogenetic changes 
in shell form that might be related to swimming in scallops (see 
fi g. 12.4). Most juvenile scallops are active swimmers; few living 
scallops, apart from Amusium and Placopecten, swim more than occa-
sionally as adults. Steve began by conducting a theoretical analysis 
(1971f), in which he showed that a scallop’s capacity to generate 
lift decreases with increasing size. Meanwhile, the take-off velocity 

Figure 12.3. Inverse relation between k, the power function principally 
governing allometric growth of shell height relative to shell width, in three 
species of Poecilozonites. The greater the value of k, the more beehive-like the 
growing shell becomes. (Modifi ed from fi gs. 3 and 4 of 1966b, and used by 
permission of the Paleontological Society)
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required to get up off the sea bottom increases. Consequently, 
swimming becomes much more diffi cult as the animal gets larger.

On this basis, Steve predicted that shell shape and the position 
of the adductor muscle should change in ways that would maintain 
the capacity to swim for as long as possible, as the animal grows. 
He tested this hypothesis by measuring the dimensions of shells 
and muscle scars of living and fossil scallops (see fi g. 12.5). In 

Figure 12.4. Left valve of an adult 
shell of Chesapecten jeffersonius from 

the Yorktown Formation (Pliocene) 
of Virginia. This is the one fossil 

species included in Steve’s study of 
swimming in scallops. It is also said 
to be the fi rst fossil illustrated and 
described, by the great anatomist 

Martin Lister, from North America. 
Steve would have appreciated this 

fortuitous connection. (From Ward 
and Blackwelder 1975)

Figure 12.5. Measured variables employed in Gould’s study of scallop shell 
form and biomechanics. The aspect ratio, which infl uences lift in swimming, 
is IJ/KL. The quick adductor muscle (Q) is mainly involved in swimming; 
the slow (S) or “catch” portion of the muscle holds the valves tightly shut. 
Gould defi ned the position of the adductor relative to the hinge, and hence 
its relative leverage, as AB/CD. (From 1971f; reprinted with permission of the 
Palaeontological Association)
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more active swimmers, he found that shell width increased faster 
than shell length, with increasing size, as predicted (see fi g. 12.6).
Like wings, shells with a greater aspect ratio generate more lift. In 
contrast, the shell of the rock scallop, Hinnites, becomes more and 
more elongate, as it expands ventrally into open space, away from 
the crevice in which it is cemented.

In swimming scallops, the fast-closing, “quick” portion of the 
adductor muscle increases disproportionately in size. It also migrates 
ventrally, away from the hinge, increasing its mechanical advan-
tage (see fi g. 12.7). Thus, the animal’s capacity for jet propulsion, 
accomplished by expelling water rapidly from the mantle cavity, is 
enhanced. Hinnites, however, defi es the predictions set by these argu-
ments for a nonswimmer. Its adductor muscle also increases dispro-
portionately in size, and it migrates ventrally more than do those of 
the swimmers. Steve (1971f, 89) recognized the problem that these 
results pose for his argument: “But why should a non-swimmer show 
relative increase in muscle size? And does this not invalidate a claim 
that such relative increase therefore provides benefi ts to swimmers?” 
He circumvented these diffi culties in a quite conventional way, like 
any right-thinking adaptationist. Numerous observations show 

Figure 12.6. Changes in aspect ratio (IJ/KL, see fi g. 12.5) of scallop shells with 
increasing size and among taxa. J: Chesapecten jeffersonius, large, thick-shelled 
adults, often with barnacles attached to the upper valve, certainly did not swim; 
P: Placopecten magellanicus (samples from two populations), an active, lifelong 
swimmer; A: Amusium ballotti, thin shells, reinforced by interior ribs, the most 
active swimming scallop; H: Hinnites multirugosus, cemented in coral or among 
rocks. The aspect ratio increases modestly, but at a decreasing rate, with 
increasing shell/body size in the swimmers, including juveniles of Chesapecten.
(From 1971f; reprinted with permission of the Palaeontological Association)
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that sessile bivalves require large, quickly contracting adductor 
muscles to expel pseudofeces and sediment, to cleanse the 
mantle cavity. So, the enlarged adductor muscle has a different 
function, unrelated to swimming, in Hinnites. As to the ventral 
migration of the adductor, this is an incidental effect, not neces-
sarily adaptive in itself, but rather a byproduct of the elongation 
of the shell, which has a different adaptive purpose. Returning 
to his main argument, Steve concluded this study with as ringing 
an endorsement of functional adaptation as one might fi nd: 

Figure 12.7. Ventral migration of the quick muscle during scallop ontogeny. 
This allometry facilitates continued swimming, but it has an alternative 
function in Hinnites, as explained in the text. Key as for fi g. 12.6. (From 1971f;
reprinted with permission of the Palaeontological Association)
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“each allometric trend proceeds in a direction that provides better 
design for swimming and counteracts the diffi culties of increasing 
size” (1971f, 91).

In his studies of Poecilozonites (1969g), Steve employed factor 
analysis to identify groups of characters that consistently exhibit 
strong covariance. Impressed by the utility of this technique, he 
applied it to measurements of pelycosaurs that had been made by 
Romer and Price (1940). In the case of cranial characters, a group 
of closely related variables was found to be linked to the preorbital 
length of the skull (see fi g. 12.8). In this restudy (1967a), Steve 
followed Romer and Price in their interpretation of this linkage 
as a functional complex, associated in multiple lineages with the 
anterior displacement of increasingly specialized dentitions that 
emerged in carnivorous pelycosaurs. Analysis of postcranial data 
likewise yielded results showing a direct relation to function, 
driven in this case by allometric changes in proportion dictated 
by scale (see fi g. 12.9). One group of variables, principally bone 
lengths, is related to overall body size; another is determined by 
body weight and the thicknesses of limb bones required to support 
it. Hence, Steve found in factor analysis a technique that identi-
fi ed two sorts of patterns in a data set. One picked up variables 
related by convergence—strictly speaking, it is parallel evolution, 
in this case—based on a paradigm of effi cient jaw function. The 
other refl ected scaling requirements of increasing size, and not 
on change that might otherwise have been inferred to represent 
novel adaptation in response to changing demands of the external 
environment.

In all these reports on work done early in his career, Steve was led 
by his interest in allometry to explore “laws of form” largely from a 
functional point of view, albeit with quite regular acknowledgments 
of the infl uence of scale, growth patterns, and evolutionary history. 
He was especially impressed by the utility of quantitative methods 
that could be applied to characterize, analyze, and model relations 
between form and function, with the potential to establish a new 
science of form (1970c). It is not surprising, in light of these studies, 
that Steve was drawn to the work of D’Arcy Thompson (1942). He 
appreciated Thompson’s broad scholarship, his fi ne literary style, 
and his capacity for synthesis of disparate ideas, old and new (1971b). 
Steve particularly admired Thompson’s elegant  transformations, by 



Figure 12.8. Skull and upper jaw of Dimetrodon limbatus. This is one of the pelycosaurs measured by Romer and Price and incorporated 
in Gould’s (1967a) study of applications of factor analysis to group variables in functional complexes and to establish clusters of potentially 
related taxa. Note the anterior displacement of front teeth, creating a large diastema, in this carnivore. The set of measurements associated 
with this condition is identifi ed by R-mode factor analysis as a tightly integrated complex (From Romer and Price 1940; reprinted with 
permission of the Geological Society of America)



means of which the forms of fi shes, skulls, or other structures could 
be systematically related to one another. These were constructed 
graphically, by deforming rectangular grids, a technique that antici-
pates the much later emergence of landmark analysis. Moreover, 
Steve recognized (1971b) that Thompson’s emphasis on intrinsic 
formal properties of organic design was complementary to Darwinian 
evolutionary theory, as another avenue toward a more complete 
understanding of nature. This enthusiasm waned, however, as Steve 
later became increasingly unwilling to accept the determinism that 
is implicit in Thompson’s worldview. Ultimately, he would exclaim, 
in his fi nal magnum opus, The Structure of Evolutionary Theory, “If 
physical forces shape organisms directly, then their prior histories 
don’t matter” (2002c, 1181).

Meanwhile, well schooled in the theory of allopatric speciation and 
cognizant of the penetrating analysis of rates of evolution provided 
by Simpson (1944) in Tempo and Mode, Eldredge and Gould (1972e) 
were energetically engaged in developing and then promoting the 
concept of “punctuated equilibrium.” This led Steve to focus ever 
more intently on evolutionary mechanisms that had the potential 
to explain the actual, one-time running of the tape (his own oft-
repeated metaphor), the particular history of life on Earth.

Figure 12.9. Femora of four of the Permian pelycosaurs yielding data used by 
Gould (1967a) to document integration of variables that govern the ability 
to support substantial body weights on land. Scales: x 0.65, 0.25, 0.52, 1.03.
(Modifi ed from fi g. 37 of Romer and Price 1940, and used by permission of the 
Geological Society of America)
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Steve’s extensive multidisciplinary work on patterns of variation 
and dynamics of evolutionary change in the Bahamian land snail, 
Cerion was undertaken in this context. Here, allometric growth 
patterns expressed in shell form are invoked largely as inherited, 
historical constraints, and function is often downplayed in the 
arguments developed. This is well illustrated by Steve’s elegant 
analysis of the growth and form of the most divergent of 
Cerion shells, the “smokestack dwarfs” and “smokestack giants” 
(see fi g.12.10). In this study (1984 j ), Steve showed that smoke-
stacks can evolve in two ways, each involving a simple modifi cation 
of Cerion’s pattern of shell growth, at the extremes of its size range. 
In small shells, reduction in whorl width yields smokestack dwarfs 
if the normal number of whorls is maintained. On the other hand, 
adding extra whorls of normal proportion produces smokestacks 
at unusually large shell sizes. Smokestacks have evolved repeat-
edly in both ways, but they do not occur in Cerion populations 
of average size. Steve attributed this phenomenon to channeling 
by developmental constraint, citing the coherence and apparent 
independence of sets of characters related to whorl number and 

Figure 12.10. Aberrant “smokestack” shells of dwarf (left) and giant (right) 
species of the Bahamian land snail Cerion. Scaled to a common height to 
illustrate differences in their proportions. The height of C. excelsior is more 
than 2.5 times that of C. pauli. (From 1984 j; reprinted with permission of the 
Paleontological Society)
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to whorl size. Simple modifi cations of the growth process give 
rise to smokestacks at extreme sizes, whereas two different sorts 
of change would have to be coordinated to generate smokestacks 
in the midrange of shell size. Hence, constraints of geometry, in 
conjunction with a developmental program inherited in common 
by all species of Cerion, determine the observed pattern of evolu-
tionary change.

Interestingly, in developing this analysis, Steve did not take up 
the suggestion that progenesis was involved in the evolution of 
smokestack dwarfs, whereas the giants appear to be neotenic. The 
observed growth patterns are consistent with this interpretation, 
which is corroborated by the fact that smokestack dwarfs consis-
tently occur in disturbed habitats. Given the book on heteroch-
rony (1977e) that may well stand as his most important work, it 
is striking that Steve did not interpret these data in this context. 
To do so, however, would turn the balance of his argument from 
constructional constraint back to natural selection, which directly 
determines life history strategies. Evidently, Steve preferred to 
explain how, in terms of growth process and pattern, these unusual 
forms have evolved in isolated populations, rather than how they 
emerged as outcomes of selection acting in local environments.

In parallel with these studies, which are based on exten-
sive fi eldwork and large sets of laboratory data, Steve devoted 
increasing attention to the development of evolutionary theory. 
The appearance of his article, with Richard Lewontin, on the 
now-notorious spandrels of San Marco and the supposedly 
Panglossian paradigm (1979k), marks a turning point in Steve’s 
assessment of the role of adaptive function in evolution. The 
object of this polemic was to emphasize the roles in evolution of 
causal factors other than natural selection and outcomes apart 
from optimum function (see fi g. 12.11). The target was in many 
respects a straw-man, as few evolutionary biologists were truly 
panselectionists, even in the wake of what Steve had aptly called 
(1983k) the “hardening” of the mid-twentieth-century “Modern 
Synthesis” of genetics, natural selection, and other aspects of 
evolutionary biology (see Mayr and Provine 1980). Perhaps on 
this account, or perhaps because Gould and Lewontin laced their 
argument with titillating examples and rhetorical fl ourishes, this 
article provoked a maelstrom of debate within and far beyond 
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evolutionary biology. In the process, strong arguments bearing 
on the weakness of untested “adaptive stories” and the infl uence 
of historical contingency, pleiotropy, and other developmental 
factors on organic form were set aside by many commentators. 
Despite the fact that Gould and Lewontin had marshaled Darwin’s 
own evolutionary pluralism in their support (1979k, 597), the 
essay was widely construed as an anti-Darwinian diatribe. Gould 
and Lewontin overstated their case, but their argument has been 
very fruitful, if not entirely vindicated. Biologists and paleon-

Figure 12.11. A spandrel or pendentive occurs where the surface of a dome 
extends down along the curves of arches that support it. In this unornamented, 
Byzantine dome, the function of the spandrel as a part of the ceiling is obvious. 
However, the shape of the spandrel is an incidental consequence of the 
structure of the dome. The option created by the spandrel to accommodate 
a painting or other ornaments, especially those that take advantage of its 
particular shape, is an exaptation, as noted by Gould (1997f) in later writing 
on this topic. (From J. H. Parker, A Concise Glossary of the Terms Used in Gothic 
Architecture, 6th ed., 1882)



 Gould’s Odyssey 285

tologists are now much more generally willing to interpret their 
data in relation to a variety of causal factors, acting at more than 
one hierarchical level, than they were a generation ago (e.g., 
Pigliucci and Kaplan 2000; Grantham 2004). This shift is most 
evident in the burgeoning fi eld of evolutionary developmental 
biology. The extent to which variation, and hence evolutionary 
innovation, are not merely constrained but facilitated by devel-
opmental pathways, is now widely appreciated (Kirschner and 
Gerhart 1998; Carroll et al. 2001; for an earlier, more tentative 
view, see Maynard Smith et al. 1985).

Seeking to establish pride of place for paleobiology as a science 
in which hypotheses are rigorously tested to discredit false hopes 
and establish general laws, Steve expressed “ambiguous feelings 
about standard functional morphology” (1980b, 111). His earlier 
enthusiasm for the emergence of “a new science of form” (1970c)
had evaporated. Now, it seemed to him that assessment of function 
against mechanical or physiological benchmarks established little 
more than that most organisms are relatively well designed. He 
placed more value on studies that showed how form departs from 
functional paradigms, as a result of constructional constraints or 
historical contingency. Endorsing analyses of theoretical morpho-
space, he ventured the expectation that large realms are unex-
ploited due to accidents of history, despite the fact that authors of 
most such studies had explained these omissions largely in terms 
of functional advantage and constructional constraint (e.g., Raup 
1966; McGhee 1980).

Collaboration with Elisabeth Vrba led to recognition of a distinc-
tion between adaptation, defi ned more narrowly than hitherto, 
and the novel concept of exaptation (1982e). Adaptation occurs 
where a character emerges as a direct result of natural selection 
based on its concurrent utility, as in the divergence of beaks of 
Darwin’s fi nches in response to the availability of different food 
supplies. Exaptation occurs when a character molded by selection 
to serve one purpose is co-opted to undertake a new function, 
as when feathers presumed to have evolved for thermoregula-
tion were redeployed as wings, or when a character with no prior 
function is likewise co-opted. It seems very likely that many char-
acters commonly regarded as adaptations in fact originated 
by exaptation. If this is so, evolutionary change that has been 
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attributed by default to natural selection owes much to the fortu-
itous availability of states, with or without prior functions, that 
could be co-opted to serve new purposes. Hence, evolutionary 
change that is commonly assumed to have emerged by adaptation 
in response to natural selection in fact owes much to chance and 
historical contingency.

This shift in emphasis from functional adaptation to historical 
contingency as a preferred explanation for organic form refl ects a 
theoretical commitment that dominated the latter half of Steve’s 
career. He was determined to expunge every expression of the 
deeply rooted “idea of progress” from our account of life’s fi tful 
proliferation here on earth (1985f, 1996d). But, effective, albeit 
not necessarily effi cient, function is essential to the survival and 
differential reproductive success of individuals in the evolution of 
local populations. Over the long haul—billions of years—organ-
isms of increasing size and complexity have emerged, adding new 
levels of organization to existing communities and exploiting 
habitats or modes of life that were not open to their predeces-
sors. Enhancements of function on all scales of structural orga-
nization, from molecules to ecosystems, have underwritten this 
expanding scope of activities. These realities stand in the way of 
Steve’s enterprise. To circumnavigate them, he argued that selec-
tion for improved function within populations is of only local 
signifi cance, and that long-term increases in complexity are a side 
effect of undirected change, arising from the fact that the earliest 
organisms were necessarily small and less complex. Steve saw long-
term trends as effects of species selection (e.g., 1982g, 1985f), a 
process in which he supposed function and natural selection to 
have no direct role.

In Steve’s last, exhaustively comprehensive account of his 
“expansion” of Darwinian evolutionary theory, constraints of 
form and function are not overlooked, but they constantly play 
second fi ddle to historical contingency. As causal factors, func-
tion determines what may be adaptive in the right circumstances, 
and constructional constraint prescribes what the organism can 
or cannot grow, as continuously modifi ed products of its develop-
ment. These factors defi ne those predictable sets of forms that can
evolve in any given circumstance, and they explain why conver-
gence is ubiquitous. They cannot fully explain, Steve insists, the 
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“lovely puzzles” posed by the evolution of “actual organisms in real 
places” (2002c, 1338).

Ironically, functional design and constructional constraint 
together have the potential to explain how macroevolutionary 
trends may be established. According to Steve, the “wonderful 
life” on the Middle Cambrian sea fl oor recorded by the Burgess 
Shale was an evolutionary lottery (1989d). Descendants of most 
major players on this dark stage soon succumbed to extinction, 
but a few improbable survivors went forth and multiplied. They 
gave rise to divergent species, genera, and families, in a modest 
number of “lucky” phyla. But, if key elements of organic design, 
such as anatomical baupläne and viable skeletal constructions, 
are common properties of taxa in the clades to which they give 
rise, these clades are themselves units of selection. No system-
atic assessment of functional advantage and constructional 
potential of the Burgess Shale animals has been undertaken. 
Consequently, the differently weighted roles assigned by Steve 
(1989d) and Conway Morris (1998) to chance and necessity 
in the Cambrian radiation of higher taxa have more to do with 
their personal philosophies than the available data.

Steve preferred contingency to any sort of more general 
determinism on personal and ideological grounds. His rich and 
provocative evolutionary theory—at least the key punctuational 
and hierarchical parts of it—does not require that the effects of 
natural selection, speciation, or extinction must be unbiased in 
their directions. But Steve’s humanity, his commitment to free will 
and personal responsibility, did require this. It gave rise to a highly 
personal evolutionary synthesis in which historical contingency 
takes the dominant role (see fi g. 12.12). In study of the evolution 
of individual taxa and in analysis of the radiation and extinction 
of faunas that spanned hundreds of millions of years, Steve sought 
above all to explain those individual and collective properties of 
living organisms that witness their particular historical origins. 
History, to know what actually happened, when and where it 
occurred, Steve argued (1986a) citing Darwin’s “long argument” 
as his model, is all that really matters. This is the substance of evolu-
tionary relationships. Form does not follow function, it is merely 
mediated by it. In evolution, form follows prior form, recurrently 
constituting T. S. Eliot’s “present moment of the past.”
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The Tree of Life

Stephen Jay Gould’s Contributions to Systematics

Margaret M. Yacobucci

All of the varied subjects that Steve Gould took up during his career 
fall into a few coherent and interrelated themes (see fi g. 13.1).
Steve challenged us to see beyond the conventional view of evolu-
tion as gradual, predictable progress in a world governed entirely by 
selective forces. Instead, he emphasized the roles of constraint and 
contingency—those unique circumstances and historical moments 
that shape and limit the evolutionary patterns we observe. Steve 
advanced his view of evolution as a hierarchy of individuals and 
agents operating at different taxonomic, spatial, and temporal scales 
as a way to expand our understanding of the causes of evolution.

This chapter illustrates some of the ways in which Steve’s 
research and writing on systematics refl ect these fundamental 
agendas. I focus on four topics: the iconography of evolutionary 
trees, Steve’s own systematic work on the Caribbean land snail 
Cerion, his complex views on the systematic approach of cladistics, 
and the reality of species as evolutionary entities.

The Tree of Life

In much of his popular writing, Steve referred to that great symbol 
of systematic work, the Tree of Life, or Etz Chayim (עץתײם) in 
Jewish tradition. The Tree of Life imagery has a long history of 
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meaning in theology and art, signifying the abstract principles 
of wisdom, strength, life, and growth (see fi g. 13.2). As Charles 
Darwin and others realized, the Tree of Life symbol is readily 
appropriated to represent the evolutionary history of organisms 
(1993x). Often, though, the iconography of these trees contains 

Figure 13.1. Core themes within Gould’s body of work. Virtually all of his writ-
ings relate to one or more of these concepts.

Figure 13.2. The Tree of Life is a popular subject in religious art. Left: Illus-
trated manuscript, artist unknown, Museum of Fine Arts, Boston. Right: Wall 
painting, East Turkestan, artist unknown. Among other meanings, the Tree of 
Life is a (feminine) symbol of wisdom: Wisdom “is a tree of life to them that lay 
hold upon her, and happy is every one that holdest her fast” (Prov. 3:18).
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embedded messages of linear, predictable progress (1989d). 
Such trees are more than just an expression of nested sets; rather, 
the relative position of groups on these trees implicitly conveys 
each group’s relative complexity, importance, or worth (O’Hara 
1996). Consider, Steve pointed out, Ernst Haeckel’s famous tree 
(complete with bark) representing the phylogeny of humans (see 
fi g. 13.3). Haeckel’s choice of placement of each group, and the 
size of the twig on which each sits, merely expresses a new form 
of the classic Chain of Being leading to humans, rather than 
providing an accurate depiction of life’s diversity. Other trees 
display an “up-and-out” trajectory away from a few purportedly 
primitive ancestors, presenting the evolutionary history of such 
groups as the inexorable, steady, gradual, and progressive expan-
sion of more improved descendants away from their limited, less 
adequate parents (see fi g. 13.4).

For Steve, however, the Tree of Life illustrates and celebrates 
the richly complex and historically contingent evolution of life on 
Earth. Steve challenged traditional iconographies, pointing out 
the way they reinforce notions of gradualism and predictable prog-
ress. Most importantly, he offered testable alternatives, such as the 
decimation and diversifi cation model he favored for the radiation 
of modern animals during and after the Cambrian Explosion (see 
fi g. 13.5) (1989d).Why do evolutionary trees always have to be 
narrowest at the bottom and widest at the top? For that matter, why 
must trees show evolution as a continual process of gradual, direc-
tional change? The paleontological record suggests a very different 
iconography, in which change is concentrated at branching points 
while lineages remain in stasis for most of their duration (see fi g. 
13.6) (1972e). With the proposal of punctuated equilibrium, the 
image of the Tree of Life has been forever altered.

The Tree of Life metaphor captures well both the hierarchical 
taxonomic structure of biodiversity and the evolutionary processes
of branching and divergence. Steve’s own systematic work always 
confronted this tension between the static confi guration of named 
objects and the dynamic evolutionary processes that produced 
them. Steve argued that one should never place a higher priority 
on naming entities than on searching for explanatory mecha-
nisms. For example, he saw extensive intraspecifi c variability not 
as a taxonomic nightmare but as a “delight,” providing valuable 



Figure 13.3. Ernst Haeckel’s tree of human phylogeny (Haeckel 1874). This 
depiction revisits the classic Chain of Being, with diverse, successful groups 
like insects (Insecten) and hoofed mammals (Hufthiere) relegated to small side 
branches so that humans may take pride of place at the top of the great central 
trunk of the tree. (See fi g. 20, 171, 1977e.)



 Stephen Jay Gould’s Contributions to Systematics 295

Figure 13.4. Ernst Haeckel’s phylogeny of echinoderms (Haeckel 1866). Note 
the “up-and-out” trajectory, with a few closely spaced ancestors radiating out in 
steadily increasing diversity. (See fi g. 4.6, 266, 1989d.)

information on how evolution works. That such variation makes 
the classifi cation of species diffi cult is a small price to pay for such 
evolutionary insight.

Cerion’s “Exuberant” Morphological Diversity—The 
Importance of History and Developmental Constraint

Steve’s delight in variability was a good thing, since most of his 
systematic contributions, of course, involved the notoriously 
variable pulmonate land snails, beginning with the subgenus 
P. (Poecilozonites) on which he worked for his PhD dissertation 
(1969g; Gould 1967), and continuing quickly thereafter with the 
Caribbean snail Cerion. Steve deliberately chose this maximally 
variable group because he hoped he could shed new light on how 
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Figure 13.5. The conventional iconography of evolutionary trees (top) and 
Gould’s proposed alternative (bottom; 1989d). In the cone of increasing diver-
sity, a clade gradually and progressively expands both its diversity and morpho-
logical disparity. The decimation and diversifi cation model, on the other hand, 
proposes that maximal disparity of form occurs early in a clade’s history, and 
is then pared down by extinction. The survivors may later diversify, but only 
within narrow limits of form. (See fi g. 1.17, 46, 1989d.)

form evolves to match environment. In particular, he focused on 
relating morphological variations to the geographic and environ-
mental distributions of the various Cerion populations. Steve’s goal 
in this systematic work was always to use observed patterns of varia-
tion to infer the evolutionary processes that produced them, or as 
he put it, to “extract evolutionary data from shells” (1969i, 409).
It was not enough for him to reclassify or reorganize the Cerion
faunas he encountered—his work must provide new insight into 
how evolutionary changes occur.

As an aside, Steve and I were talking once about the notion of 
different male and female intelligences, in particular the idea that 
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men tend to be more quantitative and rigidly logical while women 
tend to be more verbally fl uent and narrative. Needless to say, 
neither of us had much use for this idea. I noted that I tended to 
be fairly quantitative in outlook, and Steve told me that the most 
quantitatively gifted and logical person he had ever known was his 
colleague Elisabeth Vrba. He then confessed that, under this false 
dichotomy, he himself clearly thought like a girl!

While few would dispute the notion that Steve tended toward the 
verbose and the narrative, he was certainly no slouch when it came to 
quantitative approaches either. All of his systematic work was actually 
based upon multivariate analyses, mostly factor analyses of one sort 
or another. He devised his own standardized multivariate morpho-
metric method for analyzing Cerion morphology and patterns of 
covariation in shell characters (see 1984i for an overview). Indeed, 
it is somewhat ironic that Steve essentially used numerical taxonomy 
or phenetic methods, that quantitative and computerized approach 
developed in the 1960s, given both his general distrust of computers 
and his absolute commitment to making evolutionary inferences, 
something pheneticists traditionally disavow.

Figure 13.6. The alternative iconographies of phyletic gradualism (left) and 
punctuated equilibrium (right) (1972e). In the model of phyletic gradualism, 
evolutionary change is continual, gradual, and often directional, with the 
same type of change occurring both within species and during speciation 
events. The pattern of punctuated equilibrium locates evolutionary change at 
branching events, with lineages in net stasis throughout most of their stratigraphic 
durations, resulting in a very different tree iconography. Note that in both 
models, a overall trend exists toward morphologies on the right, although the 
cause of the trend is clearly different. Under phyletic gradualism, selection within 
species drives all taxa toward the right, while under punctuated equilibrium, 
a bias in the direction of (successful) speciation creates the pattern.
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Steve spent decades methodically applying his approach to 
various Cerion populations, beginning with simple cases, then 
applying the principles learned from them to more complex situ-
ations. Steve’s fi rst systematic work on Cerion was a 1969 paper 
on the relatively simple case of Cerion uva, type species for the 
genus, from the islands of Aruba, Bonaire, and Curaçao (1969c).
In this work, he used four shell characters to separate the species 
into four geographic groups and multiple, environmentally 
controlled, intraregional variants. (Later, Steve would revisit Cerion
uva, using a larger set of measurements to resolve a long-standing 
disagreement about whether shell variations were due to distinct 
geographic populations or more localized patchy variations in 
physical conditions. What Steve found, in typical fashion, was that 
both sides of the debate were correct—a few geographically based 
groups could be recognized through multivariate analysis, but also 
apparent were the smaller-scale variations attributable to differ-
ences in local environments [1984i, 1995q].)

Steve continued his work on Cerion for the rest of his career, 
steadily producing journal articles and monographs throughout the 
1970s, 1980s, and 1990s, moving to Caribbean islands with more 
and more diverse Cerion faunas (1969e, 1971d,i, 1974k, 1978e, 
1979e, 1980k, 1984i, j, 1985g, 1986d, 1987d,e, 1988b, 1989c, 
1990c, 1992j, 1996g, 1997e). Many of the lessons learned in these 
studies were synthesized in the 1986 monograph co-authored by 
longtime collaborator David Woodruff (1986d). This work focused 
on tiny New Providence Island in the Bahamas, where more than 
ninety species of fossil and living Cerion had been described—the 
most diverse and taxonomically complex case of all.

Using their now standardized protocol of performing factor 
analyses on nineteen shell measurements, Gould and Woodruff 
showed that all these variants could be separated out into only 
two morphs, the ribbed form Cerion glans and the mottled form 
Cerion gubernatorium (see fi g. 13.7). These two “semispecies,” 
their hybrids, and three extinct fossil species really comprise 
the entire Cerion fauna of the island—some serious taxonomic 
lumping! Steve even apologized in his taxonomic description for 
having to name one of the three fossil forms, C. clenchi, as a new 
species, thereby adding to the morass of Cerion nomenclature 
(see fi g 13.8).
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Figure 13.7. Demonstration of the pronounced variation within each of the 
two morphotypes of Cerion on New Providence Island, Bahamas. The upper row
shows variants within the ribbed morph, Cerion glans; the lower row shows vari-
ants within the mottled morph, Cerion gubernatorium. The tallest shell (upper row, 
second from left) is 34.2 mm tall. See original source for detailed information on 
individual specimens. (See fi g. 2, 396, 1986d.)

Gould and Woodruff discovered that the two morphs, C. glans and 
C. gubernatorium, are actually found all over the northern Bahamas. 
They argued that these forms do not merely indicate two separate 
lineages; rather, each morph has evolved repeatedly and indepen-
dently in similar habitats. The mottled C. gubernatorium forms display 
more variation within populations and tend to transition smoothly 
between the three phases of allometric growth recognized in all 
Cerion (see fi g. 13.9), while populations of the ribby C. glans tends to 
show a more abrupt, discontinuous shift during growth. Hence, the 
two morphs represent two easily-achieved but distinct, conserved 
ontogenetic pathways or “developmental systems” within the genus, 
defi ned by several independent covariance sets.

The real key to understanding the systematics of these forms, 
they argued, was to recognize the correlation of morphology with 
geographic location and environmental context. New Providence 
Island lies on the edge of a carbonate bank (see fi g. 13.10). The 
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Figure 13.8. Fossil and living species of Cerion from New Providence Island, 
Bahamas. In an enormous exercise in taxonomic lumping, Gould and Wood-
ruff (1986d) condensed seventy-one named extant species and seven fossil 
species into the two “semispecies,” C. glans and C. gubernatorium, nine fossil 
species into C. agassizi, and three into C. universum. However, they had to erect 
a new species name for the distinctive fossil C. clenchi. (See fi g. 37, 479, 1986d.)

Figure 13.9. The three phases of 
allometric growth in Cerion. Mottled 

C.gubernatorium transitions more smoothly 
between these phases than ribby C. glans,

producing a more even shell outline. 
The two morphs represent two distinct 

ontogenetic pathways or “developmental 
systems” within the genus 

(See fi g. 2, 521, 1989c.)

ribby morphs of Cerion consistently live near modern coasts along 
bank edges, while the mottled morphs are found in the interior of 
the modern islands and on modern coasts that lie at ancient bank 
interiors. Gould and Woodruff suggested that the conventional 
explanation for this distribution—that the two morphs represent 



Figure 13.10. Maps of the Great Bahama Bank (left) and of New Providence Island (right; with Gould and 
Woodruff locality numbers). Note the location of New Providence Island relative to the bank interiors and 
edges—the island’s south and east coasts border bank interiors; the north and west coasts border bank edges. 
While both ribbed and mottled morphs can be found along the island’s modern coastlines, ribbed C. glans
is distributed along bank edges; mottled C. gubernatorium is found both in the modern island interior and on 
modern coasts along bank interiors—a position that would have been island interior during the Pleistocene. 
Hence, C. gubernatorium’s modern geographic distribution may refl ect an historical preference for island 
interiors. (Right: fi g. 3, 397; Left: fi g. 7, 404, 1986d.)
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adaptation to the different environments found in their modern 
ranges—may not be right. Rather, the current distribution may 
actually be an historical relict of Pleistocene geography and habi-
tats, with the ribbed morph living on Pleistocene coasts and the 
mottled morph in what was island interior during the Pleistocene. 
This historical explanation implies that the geographic distribu-
tion of the morphs is remarkably stable over long time spans, a 
controversial idea for Cerion.

The results from New Providence highlight the central themes 
of much of Steve’s systematic work. A synthesis of data from 
morphology, ecology, geography, stratigraphy, and genetics—a 
“consilience of inductions,” to use William Whewell’s phrase 
(1840)—enabled him to revise the taxonomy of Cerion and explain 
elements of its evolutionary history. He highlighted the potential 
of quantitative techniques for improving taxonomic practice and 
providing new approaches to problems of variation, adaptation, 
and constraint. Steve’s work characteristically challenged selec-
tionist explanations for correlations of form and habitat—why 
forms are found where they are—emphasizing instead the roles 
of developmental constraint and the contingent geologic histories 
of populations.

A Paleontologist’s View of Cladistics, or Why 
We Love Paraphyletic Groups

Even though cladistics is a core methodology of modern system-
atics, Steve has a reputation as an opponent or debunker of the 
fi eld. However, his views on the matter were more complex, and he 
certainly never minded his students, including me, using cladistic 
approaches in our dissertations. Steve has also been quoted as 
saying that he was agnostic when it came to cladistics (see 1995o),
but that’s not right either—he really had quite strong and thought-
out opinions on the subject.

There were some aspects of the cladistic approach, to be sure, 
with which Steve took issue. He never liked the way that unique
traits were marginalized or outright ignored by cladists, who dismiss 
such specializations as contributing no phylogenetic signal, that is, 
data useful for grouping taxa by closeness of evolutionary descent. 
Evolution, though, is more than just branching order. We want to 
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know, Steve argued in a Natural History piece, about the origin of 
pelycosaur sails and saber-tooth teeth and armadillo armor and 
other evolutionary quirks of particular groups (1995o). Unique 
traits may not help us tell who’s related to whom, but they tell us a 
lot about the evolutionary “stories” of the groups that have them.

The condemning of paraphyletic groups as “artifi cial” also chal-
lenged Steve’s common-sense take on classifi cation. He was always 
being asked about that vexing “birds are dinosaurs so dinosaurs 
aren’t extinct” issue. As he noted once in an interview, “the fact 
that a . . . lineage of small running dinosaurs evolved into birds 
doesn’t mean that dinosaurs are still around. . . . It’s not what in a 
vernacular sense we mean when we say that dinosaurs are dead. . . . a 
sparrow is not a Tyrannosaurus” (Brown 2001). This “birds are 
dinosaurs” issue was also problematic for Steve because it gives 
the false impression of a transformationist view—that is, that dino-
saurs turned into birds in an anagenetic fashion, rather than birds 
branching from a small subset of dinosaurs. (This linear, transfor-
mationist view plagues popular understandings of human evolu-
tion as well, feeding into several cultural biases, including racist 
notions of relative “advancement” [1989d].)

While Steve acknowledged that cladistics provided “the purest 
of all genealogical systems for classifi cation” (1987a, 69), he saw 
all sorts of pitfalls to basing classifi cations on cladograms, that is, 
strictly by branching order (1992r). To do so, he argued, is to 
miss many aspects of morphology and function, and the ecolog-
ical roles that groups play, as highlighted in the infamous salmon-
lungfi sh-cow example (see fi g. 13.11). The grouping of salmon 
plus lungfi sh is paraphyletic, since it does not include all of the 
group’s descendants, and is therefore “unnatural” according 
to strict cladists. However, to insist on classifying lungfi sh with 
cows, rather than with salmon, because they share a more recent 
common ancestor, is to deny the obvious common morpholog-
ical and ecological traits that unite the two fi sh. Indeed, that 
we can talk about “fi sh” and be generally understood demon-
strates the obvious similarities among such animals. Since the 
position and hierarchical arrangement of all the nodes on a 
cladogram changes as new taxa are added or existing datasets 
are revised, cladistic-based classifi cations are also thought to be 
more unstable than those based on the Linnaean system, which 
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can hinder the usefulness of such classifi cations for identifi cation 
and communication.

Steve also balked at the more extreme version of pattern cladism, 
which abandoned the central goal of phylogenetic systematics by 
arguing that the process of evolution was inherently unknowable 
and that, therefore, systematists should stick with merely docu-
menting the branching patterns represented by cladograms (1986a). 
Removing the study of process, of the causes of branching relation-
ships, takes away the most powerful aspect and greatest contribution 
of cladistics to evolutionary study—its emphasis on history.

As Steve consistently affi rmed in his writings, cladistics is 
the best available method for reconstructing branching order, 
and therefore for working out historical patterns in the origin 
and evolution of traits (1986a, 1987a). He often cited cladistic 
studies in his popular essays and books, using the results to 
illustrate new challenges to the perception of gradual, predict-
able, and progressive evolutionary change. For instance, Steve 
cites as an example of cladism’s utility the 1995 study of Daniel 
Blackburn, who tested gradualist and punctuated equilibrium 
models for the evolution of viviparity and placentation in lizards 
and snakes (2002c). It had always been assumed that lineages 

Figure 13.11. The now-infamous salmon-lungfi sh-cow problem. In a conven-
tional classifi cation, salmon and lungfi sh are grouped together as types of fi sh, 
while cows are separated out by a great many distinguishing morphological 
and ecological characteristics (left). Under cladistic conventions, however, the 
entity “salmon + lungfi sh” is a paraphyletic group (because it excludes some 
descendants) and is therefore “unnatural.” It is the grouping “lungfi sh + cows” 
that forms a natural clade, or monophyletic group (right). Cladists distinguish 
between clades, defi nable units refl ecting closeness of ancestry, and grades, such 
as “fi sh,” which are impossible to defi ne precisely, if often intuitively under-
stood. (See Gee 1999, 141–50, for an interesting account of the origin of this 
classic problem.)
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had to pass through a gradual sequence of three intermediate 
stages before reaching full placentotrophy. Blackburn’s analyses, 
however, showed that in all one-hundred-plus instances in which 
viviparity evolves, not even once does the branching order refl ect 
this hypothetical linear trend.

For similar reasons, Steve also loved the way the American Museum 
of Natural History in New York redesigned its fossil mammal halls in 
the mid-1990s to refl ect mammals’ phylogenetic branching order. 
This mode of display disrupts the standard iconography of a progres-
sive, linear sequence leading to humans, placing us in a more accu-
rate, if less self-aggrandizing, position about halfway through the 
mammal hall (see fi g. 13.12) (1995o). Cladograms can directly chal-
lenge the “cones of increasing diversity” and ladders of progress that 
so often masquerade as accurate depictions of the Tree of Life.

Figure 13.12. Floor plan for the American Museum of Natural History’s Hall of 
Mammals. The displays, redesigned and opened to the public in early 1995, are 
innovatively arranged according to the branching order of the major mammal 
groups on a cladogram, rather than as a ladder of progress toward modern 
humans. Note humans’ position at number 4. (1995o, 13; original source is 
the American Museum of Natural History pamphlet, Mammals and Their 
Extinct Relatives: A Guide to the Lila Acheson Wallace Wing.)
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Steve frequently acknowledged the power of cladistic 
approaches to test for the relative frequency of punctuated equi-
librium (2002c). In a paper Steve called a “breakthrough in the 
application of quantitative modeling to cladistic patterns of evolu-
tion” (2002c, 817), Wagner and Erwin (1995) showed that the 
proportion of polytomies to dichotomies in well-resolved clades 
will refl ect the proportion of punctuational events. If an ances-
tral species is in stasis and produces multiple daughter species 
in punctuational events, its daughters will acquire only ances-
tral characters (plesiomorphies) and autapomorphies (derived 
characters unique to each species). Branching order among the 
daughters will then be unresolvable, producing a polytomy (see 
also Yacobucci 1999).

Perhaps most importantly, Steve argued that the cladist’s 
emphasis on branching was essential for recognizing species 
as discrete and real evolutionary entities (1992i, 2002c). As he 
noted in his “big book,” “[m]any . . . have failed to recognize that 
the so-called cladistic revolution in systematics rests largely upon 
this insistence that species (and all taxa) be defi ned as discrete 
historical individuals by branching” (2002c, 605). Steve’s grand, 
hierarchical view of macroevolution depends on this recogni-
tion. The ontological reality of species as individuals defi ned by a 
branching point “birth” and an extinction “death” makes species 
eligible to be macroevolutionary players.

The Reality of Species and the Hierarchical 
Structure of Evolution

In an essay refl ecting back on his early work on Cerion uva from 
the Dutch Leeward Islands of Aruba, Bonaire, and Curaçao, 
Steve gently berated himself for his motivation behind the study 
(1995q). He hoped, he said, to use this relatively simple, monospe-
cifi c case to develop a better understanding of the infi nitely more 
complex occurrences of Cerion in the Bahamas and other West 
Indian islands. He soon recognized his error. “Variation within a 
species doesn’t tell you how to treat interactions between species; 
the phenomena are disparate and exist at different scales. . . . Causal 
continuity does not unite all levels; the small does not always aggre-
gate smoothly into the large.” (1995q, 22).
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Given this challenge to extrapolation, a theme oft-visited in 
his writing and fundamental to his hierarchical theory of evolu-
tion, how paradoxical it is that most of Steve’s essays and scientifi c 
contributions center on a fi ne scale, detailed study that leads inex-
orably to much grander and more general conclusions about the 
history of life on Earth. For instance, in the original punctuated 
equilibrium paper (1972e), Steve uses his early work on subspe-
cies of the land snail Poecilozonites bermudensis from the Pleistocene 
of Bermuda (1969g, 1970b; Gould 1967) as an example to show 
how the careful study of subtle details of geography, stratigraphy, 
and morphology can reveal surprising, indeed convention-chal-
lenging, tempos, and modes of evolution.

The empirical pattern of punctuated equilibrium, the abrupt 
appearance and long-term stasis of lineages as preserved in the 
fossil record, has been well-documented (1972e, 1977c, 1986i, 
1993j, 2002c). Stasis is quite apparent, although explaining why
it occurs has become of great theoretical interest among evolu-
tionary biologists and paleontologists. Documenting geologically 
rapid speciation events is more operationally diffi cult, but not 
impossible, as Goodfriend and Gould (1996g) demonstrated 
in their elegant study of Cerion on Great Inagua, Bahamas. By 
dating individual shells found on a single mudfl at, they were able 
to determine that the now-extinct C. excelsior hybridized with the 
newly migrated C. rubicundum within an interval of about 15,000
years, a punctuational event on a timescale usually not detect-
able by paleontologists. (A side note about all these hybrids and 
“semi-species” in Cerion: as Roger D. K. Thomas pointed out to 
me, it’s rather ironic how often Steve’s own “species” weren’t 
really species, given the centrality of the reality of species to his 
hierarchical view of evolution!)

While the basic pattern of stasis punctuated by speciation has 
been recognized by paleontologists for decades, the causal mecha-
nisms of punctuated equilibrium and its theoretical consequences 
for evolutionary paleobiology have stimulated seemingly endless 
debate (see Gould 2002c for a extended account of the controver-
sies). Punctuated equilibrium requires no radical mechanism of 
speciation; rather, ordinary allopatric or sympatric speciation will 
necessarily produce a punctuated pattern in the fossil record. The 
causes of stasis, on the other hand, are less clearly understood; it is 
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likely that each of the many proposed mechanisms, such as stabi-
lizing selection, developmental constraint, and habitat tracking, 
apply in specifi c cases.

The theoretical importance of punctuated equilibrium lies in its 
demonstration that species are true individuals, each with a defi ned 
birth and death, and with suffi cient stability during its lifetime (see 
fi g. 13.13; as noted earlier, the cladistic emphasis on branching 
highlights this view of species.) As Steve put it, “if punctuated 
equilibrium prevails as an empirical proposition . . . then species 
are individuals . . . by all vernacular criteria” (2002c, 606). Since 
species produce “daughters” that inherit properties from them, 
they (and the clades that contain them) become fully Darwinian 
individuals upon which selection can act. Hence, a nested set of 
evolutionary individuals exists, ranging from genes to cell lineages 
to organisms to demes to species to clades, which leads to a refor-
mulation of evolutionary theory that emphasizes this inherently 
hierarchical structure (2002c).

Many evolutionary biologists have denied the importance, if not 
the logical possibility, of species selection, since it must necessarily 
(by virtue of fewer individuals and “birth” events) be weaker than 
organismal-level selection. However, species selection can be effec-

Figure 13.13. Schematic diagrams showing anagenesis (left), phyletic gradu-
alism (center), and punctuated equilibrium (right). If species arise via anagenesis 
or phyletic gradualism, their beginning and end points are not well defi ned, 
and their character is in constant fl ux. Under punctuated equilibrium, in 
contrast, species have clearly defi ned speciation “births” and extinction 
“deaths,” and enough stability during most of their stratigraphic ranges to 
make them discrete, defi nable historical individuals. The recognition of species 
as Darwinian individuals expands evolutionary theory into the hierarchical 
structure Gould found so fascinating.
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tive if lower levels of selection do not “go anywhere”—that is, if stasis 
within lineages reigns and most evolutionary change takes place at 
speciation events (1998b, 2002c). What was of most interest to Steve 
was how these different selective levels must function differently, 
based on differences in their essential properties and processes. 
For instance, Steve argued that the different mechanisms by which 
organisms and species actively maintain their borders of individu-
ality will necessarily lead to the dominance of different evolutionary 
processes. Specifi cally, selection should dominate at the organismal 
level, while selection, drift, and drive will all be important mecha-
nisms for change at the species level (2002c). Thus, the expansion 
of evolutionary theory to include other levels of selection simulta-
neously expands the range of evolutionary processes that play roles 
in shaping the long-term history of life.

Numerous other subjects within evolutionary paleobiology, 
from the nature of trends to the long-term structure of ecolog-
ical communities, are opened up to new interpretations with the 
recognition of species as individuals. Permit me to let Steve have 
the last word: Extending our view of evolution to include species 
as Darwinian individuals causes us to rethink “both the pageant of 
life’s history and the causes of stability and change in geological 
time” (2002c, 893). What marvelous expansions of evolutionary 
theory came from patient systematic studies of a few land snails!

Why Taxonomies Matter

My paleontology students anticipate with dread the section of the 
course on systematics. What could be duller than learning how 
to put names on things? It takes a bit of work to convince them 
that systematics is exciting, dynamic, and full of controversy, and 
that systematics centers on a question of greatest interest—recon-
structing the evolutionary histories of life on Earth. In contrast 
to my apprehensive students, I have always appreciated the sense 
of fun and discovery Steve brought to even the most small-scale 
and detailed of systematic studies (see, for instance, the vermetid 
papers [1994e, f]), as well as his affi rmation of the centrality of 
systematics to evolutionary theory. Darwin famously called his 
Origin of Species “one long argument” (Darwin 1859, 459). Steve 
identifi ed this underlying argument as “the claim that history 
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stands as the coordinating reason for relationships among organ-
isms” (1986a, 74). Fundamentally, Darwin’s insight was to recog-
nize that the observed hierarchical organization of organisms 
within our taxonomies is the end-product of a long sequence of 
historical events. Hence, to develop a natural classifi cation is to 
document the processes of evolution.

Steve spoke and wrote with great reverence about traditional 
systematists, from Linnaeus’s determination to classify organisms 
on nature’s terms rather than by their use to humans (1993p), to 
Dobzhansky and Mayr’s insistence on placing systematics on an 
equal footing with genetics in the Modern Synthesis (2002c), to 
Whittington, Briggs, and Conway Morris’s reinterpretation of the 
Burgess Shale fauna (1989d), to Carl Woese’s iconoclastic presen-
tation of life’s diversity—a radically new Tree of Life (Woese et al. 
1990, 1996d) (see fi g. 13.14). Steve emphasized that taxonomies 
are always theory-driven and therefore intellectually exciting. The 
best systematic studies, including Steve’s own, are both creative 
and transformative—indeed they can even be revolutionary—and 
further Steve’s lifelong goal of better understanding the processes 
of evolution.
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Genetics and Development

Good as Gould

Robert L. Dorit

Steve Gould frequently reminded all of us of just how uninter-
esting hagiography was as history of science. He would justly 
rail against “Whig history”—the tendency to look back from 
our present vantage point and pass judgment on predecessors 
based on how close they had come to getting it right (right, of 
course, meaning “as we understand it today”). Steve wouldn’t 
let us forget that scientists and their work need to be judged in 
their proper historical and intellectual context. He would also 
insist that the trajectory of science was infl uenced more than 
imagined by factors outside of objective dispassionate inquiry: 
the warts and blemishes of the profession and its practitioners 
matter too.

Steve had a healthy ego. As many of the essays in this volume 
make clear, Steve cast a long shadow in biology and paleon-
tology over the last quarter of the twentieth century. I think it 
disingenuous to argue that he did not derive pleasure from the 
length of that shadow: ego is often a key propellant of ambition 
and achievement. But the most common misunderstanding about 
Steve confuses his ego for pretension. He was—no hagiography 
here—one of the least pretentious people I have known. When he 
would begin one of our weekly seminars with something like “As 
you remember from having read chapter four of ‘Histoire générale 
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et particulière des anomalies de l’organisation chez l’homme et les animaux’ 
(Geoffroy Saint-Hilaire 1837)” he was not trying to make us look bad, 
or himself look smart. Instead, Steve’s error was an intellectual 
optimism that was not subject to disproof—he honestly believed 
that all of us had read Histoire générale et particulière. Despite our 
frequent good-natured ribbing, he lived in a world in which 
everyone was simply dying to read these fascinating and obscure 
volumes, and giving in to the urge at every opportunity. It pained 
us to disabuse him of this worldview, though fortunately we never 
did succeed in eroding his fundamental idealism that imagined us 
all reading as voraciously and widely as he did.

Perhaps Steve’s optimism is why the Museum of Comparative 
Zoology was such an exciting place to be in the mid-1980s, when 
so many interesting and meaningful debates were swirling around 
the emerging fi eld of macroevolution. The essays in this volume 
address the many dimensions of this debate. Here, I want to 
concentrate specifi cally on the contact zones between macroevo-
lution—as defi ned by Steve—and two of the supporting girders of 
modern biology: population genetics and developmental biology 
(specifi cally what has come to be called “evo-devo”). This chapter 
is explicitly not intended to be an encyclopedic review of the ways 
in which these crucial intellectual vectors intersected, then and 
now. Instead, this is an effort to reconstruct what seemed at the 
time (and since) to be the central areas of agreement, as well as 
the main points of friction. In so doing, I hope to shed some light 
on the evolution of Steve’s thinking about the macroevolutionary 
agenda and on the role it could play in complementing the existing 
edifi ce of the Modern Synthesis.

Population Genetics and the Emergence of Macroevolution

The publication in 1972 of the Eldredge and Gould paper (1972e) 
established the framework for the notion of punctuated equilib-
rium. A great deal of ink has been spilled since, elaborating, and in 
some cases revising the original notion of punctuated equilibrium, 
dissecting its meaning, attacking its relevance, validity, and even the 
motivations of its proponents (see, e.g., chapters by Allmon and 
Geary in this volume). At the core of the original paper lie a series 
of claims, both about pattern and about the underlying generative 
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processes that could account for the pattern. The fi rst, and most 
modest claim, reasserts that the fossil record frequently—perhaps 
very frequently—fails to conform to the expectations of steady and 
gradual phyletic change. Instead, the pattern, according to the 
paper, is more often one of abrupt (at least in geological terms) 
appearance of forms, frequently (but not always) in conjunction 
with the fossil record version of speciation. New forms appeared 
but did not necessarily replace existing forms. The second corol-
lary claim, still one about pattern, argues that morphological stasis 
is the prevailing feature of most species with a decent fossil record. 
No change may be monotonous, but it is not without signifi cance, 
as Steve (1993n) and others (Fortey 1985; Cheetham 1986) would 
spend the next three decades arguing (“Stasis is data” was the cri
de coeur). These two statements about pattern, would of course 
lead to some provocative claims about the underlying generative 
processes. Species were constrained to change little over their life-
times, or at least little in any one direction. Only the process of 
speciation, with its accompanying disruption of the established 
genetic order could temporarily release these constraints.

Had punctuated equilibrium been a set of observations and 
proposals about the fossil record and its prevalent features, 
it would likely have attracted little attention from population 
genetics. Eldredge and Gould’s proposal, however, must be seen 
in the context of the history and status of paleontology in the mid-
twentieth century. Paleontology had been demoted from its role 
as the central source of evolutionary observations. The Modern 
Synthesis had largely dismissed the fossil record as too coarse and 
too incomplete to serve as a testing ground for the rich tapestry 
evolutionary hypotheses. Experimental biology and the detailed 
exploration of model systems (Drosophila, E. coli, etc.) would now 
serve as the source material for the interesting questions and 
the place to go for adjudicating among competing evolutionary 
hypotheses. At the center of this new evolutionary edifi ce, resplen-
dent with quantitative rigor and predictive power, stood popula-
tion genetics.

Steve understood the disciplinary power play that accompanied 
the Modern Synthesis. Not one known for being intellectually coy, 
he would go on to argue that punctuated equilibrium required a 
far more catholic approach to the evolutionary forces that shaped 
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life on the planet. If the pattern of the fossil record was to be taken 
at face value, rather than rationalized away, it was not and could 
not be predicted by extrapolating from conventional evolutionary 
mechanisms. Stasis individuated species, and sorting and selection 
at higher levels now had to be included in any catalog of evolu-
tionary forces (Stanley 1975; 1993a, 1999 j). Paleontology, the one 
discipline capable of detecting the operation and consequences of 
these higher order mechanisms, now needed to reclaim its seat at 
the “high table.”

The gauntlet had now been thrown down, and population 
geneticists were quick to respond. The power of population 
genetics theory resided in part on its ability to model a vast range 
of evolutionary scenarios—large and small populations, variable 
intensity selective effects, linear and epistatic interactions between 
loci, stochastic effects, and so on. In addition, population genetics, 
like the rest of evolutionary biology, could postulate an array of 
external selective forces that could propel population change in 
virtually any direction. Thus armed, it was relatively trivial for popu-
lation genetics simulations to yield the two prominent features 
of punctuated equilibrium: stasis and geologically instantaneous 
change (Lande 1985; Newman, Cohen et al. 1985; Lande 1986;
Lewin 1986; Somit and Peterson 1992).

The second antigen that triggered a strong response from popu-
lation genetics concerned the genetic mechanisms that caused, or at 
least accompanied, speciation. The initial punctuated equilibrium 
papers had placed signifi cant emphasis on the destabilizing effects 
of Mayrian peripheral isolate allopatry, including the breakup of “co-
adapted gene complexes,” the consequences of sampling and drift 
on the Wrightian landscape, and the accelerating effects of selection 
of reinforcement mechanisms. Attractive as these speciation-related 
genetic phenomena were as an explanation for rapid morpholog-
ical change at speciation, their reality was (and remains) contested 
territory (Lande 1980; Barton and Charlesworth 1984; Carson 
and Templeton 1984; Lande 1985; Newman, Cohen et al. 1985;
Lande 1986; Lewin 1986; Coyne 1994; Gavrilets and Hastings 1996;
Slatkin 1996; Turelli, Barton et al. 2001; Wu 2001). Punctuated 
equilibrium had thus taken on the baggage of contentious debates 
about the genetics of speciation, but it was not in a position to adju-
dicate that particular set of issues.
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In hindsight, Steve himself acknowledged that the tethering of 
punctuated equilibrium to particular genetic correlates of specia-
tion proved to be a mixed blessing. As he explains in The Structure 
of Evolutionary Theory (2002c), the tethering came through a series 
of ironic contingencies, most notably the desire to reunite main-
stream evolutionary theory with paleontology in the early 1970s.
Mainstream models of speciation at that time fl owed largely from 
(or through) Ernst Mayr, who favored conceptions of speciation 
that were accompanied by unusual genetic events. Here, irony is 
stacked upon irony: Mayr’s predilection for genetic revolutions at 
speciation may also have derived from his urge to make “specia-
tion theory” its own thing, rather than a descriptive phenomenon 
that could be fully subsumed by population genetics (Mayr 1944,
1963, 1982; Mayr et al. 1957). In the end, however, it was Doug 
Futuyma’s proposal that speciation acted not as the generator 
of rapid morphological change, but as its preserver (protecting 
it from the homogenizing effects of gene fl ow) (Futuyma 1987,
1988) that struck Steve as the most likely explanation for the 
correlation (2002c, 800).

In any event, I think it fair to say that Steve felt a certain impa-
tience towards population genetics. That impatience was not 
directed at the versatility or elasticity of the machinery of popu-
lation genetics. He was scrupulous in avoiding the chestnut that 
claimed that because population genetics models could explain 
everything, they explained nothing (an argument that I would 
occasionally hear articulated by zealous foot soldiers in the punc-
tuated equilibrium army). He understood that population genetics 
theory was both powerful and central to evolutionary thought. 
What mattered, he insisted, was the likelihood and frequency with 
which the parameter values that produced patterns of punctuated 
equilibrium actually applied. What really frustrated Steve about 
population genetics was his perception that its practitioners were 
close-minded. He sensed in certain population geneticists an a
priori belief that any evolutionary mechanism that could not be 
modeled with the clay of population genetics was at best unim-
portant and at worse, fatally fl awed.

But there is a second, and perhaps less obvious point of friction 
hovering over the development of macroevolutionary theory, or at 
least Steve’s version of it. Population genetics, given its domain of 
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application, is essentially a continuationist discipline. The task of 
population genetics is to account for the pattern and distribution 
of extant genetic variation in natural populations, and to elucidate 
the mechanisms that govern the transmission of heritable infor-
mation from generation to generation. Seen in this way, the null 
hypotheses of population genetics are always about continuity, 
both in space (for instance in the powerful homogenizing effects 
of gene fl ow) and in time (Hardy-Weinberg equilibrium is, after all, 
“Newton’s fi rst law” for genetics). Departures from these continu-
ities required postulating additional forces that were either deter-
ministic (e.g., selection) or stochastic (e.g., founder effects).

This continuationist bent—no sudden moves from generation 
to generation, please—made population geneticists reluctant to 
contemplate punctuated equilibrium as a distinct phenomenon. 
Steve felt, correctly, I think, that the continuationist tradition of 
population genetics had transmogrifi ed into an insistence on 
gradualism at all scales—no sudden moves anywhere, please.

The traditional perspective from population genetics, extrapo-
lated to the fossil record, thus predicted slow anagenetic change 
as the dominant motif. Alternatively, strong stabilizing selection 
in unusually static environments could result in little directional 
change in populations. The rapid appearance of new morpholo-
gies in the record could not be easily reconciled with the expecta-
tions of population genetics (but see Newman, Cohen et al. 1985;
Lande 1986). In fact, population geneticists were not eager to lend 
support to either of the patterns that Eldredge and Gould had 
initially proposed. Stasis, population geneticists argued, was a rare 
occurrence, limited to habitats where selective forces remained 
unchanged for millions of years (Stenseth and Smith 1984; Vermeij 
and Dietl 2006). If selective forces remained unchanged, then 
organisms, passive executors of the selective will, would remain 
unchanged as well. But it was hard to imagine millions of years of 
unchanging stabilizing selection. The alternative, assuming stasis was 
in fact really all that common, was to treat it as an artifact of low reso-
lution, and hence not in need of a separate explanation. Similarly, 
the rapid appearance of new morphologies was, according to popu-
lation geneticists, simply “artifactual”: slow directional change over 
10,000 generations would be compressed into a single stratigraphic 
horizon, appearing sudden, but in fact not sudden at all.
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The proponents of macroevolution were, of course, not 
oblivious to the limitations of the fossil record. Many of these 
proponents were paleontologists, trained to recognize the idio-
syncrasies of the record, and dedicated to quantifying its limita-
tions. I remember Steve’s frustration on this score rather vividly. 
He wrote frequently about punctuated equilibrium, spending 
a considerable amount of time clarifying what was not being 
claimed, including a perfect fossil record that would preserve 
morphological excursions generation by generation. He would 
repeatedly reiterate that he meant “rapid” or “sudden” in geolog-
ical terms, and was perfectly comfortable with the assertion that 
the morphological change associated with speciation would 
not have appeared sudden if we had been there watching it 
happen (e.g., 1982f, 1993 j, 2002c, 768; 2007). Time and again, 
the friction with population genetics centered not so much on 
the continuationist aspects detailed earlier, but rather on the 
extrapolation of those central tendencies onto the timescale and 
texture of the fossil record. Steve, and others, understood that 
an independent macroevolution was unlikely to succeed if its 
mechanisms and predictions ran counter to those of population 
genetics (Eldredge et al. 2005). By the same token, however, the 
elegance and power of population genetics theory did not give 
it de facto primacy as the explanation of pattern in the history of 
life. Furthermore, if microevolutionary theory (and in partic-
ular population genetics) predicted slow steady change as popu-
lations tracked slowly changing environments, then why stasis? 
Conversely, if the lack of directional trends in the driving envi-
ronmental (extrinsic) factors predicted stasis, then what were we 
to make of the rapid appearance of new forms coexisting with 
ancestral forms? Once again, we could imagine an alternation 
of slow and rapid environmental changes, and such alternations 
undoubtedly occur (Hunt 2007). But to argue that every case of 
punctuation refl ected an unusual alternation of selective regimes 
carried a whiff of special pleading.

In the end, however, the real tension between population 
genetics and macroevolutionary proposals would not be about the 
tempo and mode of selective regime change. Instead, the more 
heated—and ultimately more interesting—discussions would 
center on the character of the inputs into the evolutionary process: 
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in short, on the nature of mutations. While Steve’s thinking and 
writing on this issue certainly was in fl ux and did change over 
time, he remained consistent about two central issues. The fi rst 
concerned the distinction between the “randomness” of muta-
tions and the isotropy of mutations. Briefl y, all evolutionary biolo-
gists from 1859 on understood that the Darwinian mechanism 
required variation to arise independently of the needs of the 
organism. In that sense, variation was said to be “random”; this 
was perhaps an unfortunate choice of vocabulary, but no biologist 
ever uses that term in its strict statistical meaning when speaking 
about variation. What is more contentious, however, is the notion 
that variation is both so copious and so without pattern that it 
could not meaningfully constrain evolutionary change. Darwinism 
appeared to require that whatever directional change we perceive, 
in experiments, from observations in living nature, or in the fossil 
record, could only come about from the hand of selection acting 
on unpatterned underlying variation.

Yet from his earliest writings, Steve felt it important to underscore 
the notion that variation could be patterned, and even show direc-
tionality, and still remain true to Darwinian logic, provided that 
such variation did not arise preferentially in response to organismal 
needs. His conviction that variation was not isotropic (equally prob-
able and abundant in all directions) stemmed from his interest in 
the patterning—the “constraints”—imposed by organismal devel-
opment and evolutionary history (see Smith, Burian et al. 1985).
He thought the entirely externalist perspective that had come to 
dominate Anglo-American evolutionary thinking was disappoint-
ingly simplistic. Instead, he favored the structuralist and internalist 
perspectives that had characterized pre-evolutionary continental 
biology beginning in the early nineteenth century (1989c).

Conceptually, the exploration of the possible patterning and 
directionality imposed by the raw materials of evolutionary change 
seemed to many of us a fascinating undertaking. But that under-
taking would soon become irretrievably intertwined, perhaps acci-
dentally, with a second more contentious issue: the fate of mutations 
of large effect. In search of a mechanism that displayed punctua-
tion at other, smaller, scales (and perhaps in a defense of scientists 
he felt had been unfairly dismissed), Steve sought to reintroduce 
Goldschmidtian mutations (Goldschmidt 1940) into the vocabu-
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lary of evolutionary thinking. The appeal for Steve of this class 
of mutations, with their large effects on phenotype, was obvious. 
They were not a prerequisite for punctuated equilibrium, but they 
did underscore the potential discontinuity between genotypic and 
phenotypic change. But the fate of these mutations of large effect 
in any population would equally obviously be guided not by their 
inherent interest, but by their effect on fi tness. Steve’s insistence 
on the role of extremely rare demographic or genetic phenomena 
(extreme bottlenecks, breakdown of genetic complexes, polyploidi-
zation and the like) that would lead—extremely rarely—to the fi xa-
tion of deleterious macromutations was technically accurate. But it 
would also give opponents of macroevolution a chance to link punc-
tuated equilibrium to saltation. To be sure, extremely rare events 
played out over billions of years become virtual certainties, but 
this argument seemed to miss population genetics’ fundamental 
mistrust of dead ends. Later on, as the molecular underpinnings 
of development started coming into focus, the argument for muta-
tions of discontinuous effect would become more interesting and 
more subtle (more on this in the next section).

In the early years of macroevolutionary theory, Steve’s attempt 
to salvage the work of Goldschmidt would stir up the population 
genetics nest. For one thing, population genetics itself was begin-
ning to accumulate impressive empirical evidence about change 
at the molecular level (Coyne, Eanes et al. 1979; Kreitman 1983;
Lewontin 1985; Kreitman and Wayne 1994). Those data suggested 
overwhelmingly that change arose primarily in the form of single 
nucleotide changes, some fraction of which changed the amino 
acid sequence of proteins. Even when proteins changed, selection 
appeared not to notice in some proportion of cases, but was surpris-
ingly sensitive and discerning in others. Little seemed to support 
the notion that mutations of large effect occurred, let alone that 
they determined the trajectory of evolutionary change.

Much, of course, has changed since, both in the pattern of the 
data and in its interpretation. We now understand that the tech-
niques we used in the early days of population genetics (e.g., elec-
trophoretic analysis of alleles at enzyme-encoding loci) was biased 
toward detecting small changes over large ones. The analysis of 
whole genomes, where all of the data are collected without bias, 
has revealed a far broader array of possible changes. Duplications, 
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deletions, expansions, and contractions of signifi cant fractions of 
the genome are now commonly described (see for instance Wolfe 
and Shields 1997; Friedman and Hughes 2001a, b). More impor-
tant, our more nuanced understanding of the genetic basis of 
morphological change has made us somewhat more circumspect 
about the linkage between genotypic and phenotypic change.

Nonetheless, Steve’s inclusion of Goldschmidtian hopeful 
monsters in early macroevolutionary discussions (e.g., 1980v, 
1982h) seems to me a curious political miscalculation. The 
political faux pas consisted in letting punctuated equilibrium be 
saddled with (or even come close to) Goldschmidt’s discredited 
speculations about genetic mechanisms. At a time when macro-
evolution was already fi ghting on many fronts, opening up yet 
another battlefi eld stretched the troops thin. To be fair, Eldredge 
and Gould did not intend to invoke saltational mutations as the 
mechanisms for punctuated equilibrium. They remained consis-
tent from the outset in arguing that speciation, and not hopeful 
monsters, led to rapid change in the fossil record. The discussion 
of Goldschmidt was part of a broader exploration of mechanisms 
that could generate rapid change or discontinuity at various levels 
of biological organization. Perhaps the campaign to reevaluate 
Goldschmidt was Steve at his most provocative (see also Allmon, 
this volume). Although in later writings Steve would link his 
infatuation for Goldschmidt to the clear articulation of develop-
mental constraints in The Material Basis of Evolution (Goldschmidt 
1940), I think for a while saltation seemed genuinely attractive to 
him (though unnecessary to the operation of punctuated equi-
librium). But once again, Steve the intellectual optimist assumed 
that the papers in which he mentioned Goldschmidt and hopeful 
monsters would be read with as much care as had gone into their 
writing. For the most part, they were not. To population genet-
icists, appeals to hopeful monsters seemed a provocation, and 
any theory making even cautious use of the concept was doomed 
from the start.

Evo-devo and the return of the organism

In the end, macroevolution’s focus on phenotypes, and Steve’s 
impatience with conservative fi tness-driven arguments, set the 
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stage for the protracted cold war with classical population genetics 
(e.g., Smith 1983). In contrast, his relationship with develop-
mental genetics, with its emphasis on mechanisms and phenotypic 
outcomes (rather than on the fate of mutations in populations) 
tended to be far more cordial.

The ways in which genetic instructions for the making of proteins 
gave rise to functioning, evolving, interacting organisms was (and 
is) perhaps the central problem of post-Darwinian biology. The 
resolution of the “genotype-phenotype problem” was critical to 
the macroevolutionary enterprise, and specifi cally to any theory 
that sought to introduce some breathing room or discontinuity 
between changes at the DNA level and their expression in pheno-
types. At one level, we all knew the glib answer to “the genotype-
phenotype problem”: development. The process of development, 
after all, is where sense was made of genetic instructions, where 
the individual notes (genes) came together as a symphony (the 
organism). Yet beneath the certainty that “development” explained 
all lay considerable ignorance. To be sure, the rich traditions of 
embryology and comparative anatomy had produced an impres-
sive body of description. From there, a set of underlying similari-
ties and regularities had begun to emerge, as had the notion that 
the evolutionary history of organisms could be discerned from 
their development (e.g., Haeckel 1866; Cope 1887; 1977e). That 
recapitulationist perspective would prove didactically useful, but 
misleading in detail. By the 1980s, however, development had 
begun to yield to reductionist attack, and developmentally impor-
tant genes and pathways were being elucidated (McGinnis, Garber 
et al. 1984; Shepherd, McGinnis et al. 1984; Harding, Wedeen 
et al. 1985; McGinnis, Kuziora et al. 1990).

The rise of molecular developmental biology was a source of 
great delight to Steve (1997m). As the resident neontologist in 
his lab group in the mid-1980s, I was often called upon to present 
at lab meeting on some sequence-containing paper that had 
caught Steve’s attention. Many of those papers, as I recall, dealt 
with transcription factors or with alterations in regulatory regions 
that resulted in large changes in the expression or operation of 
particular genes. But nothing generated as much excitement as the 
trickle of papers (soon to be a fl ood) that dealt with homeobox, or 
“Hox,” genes. Even in the 1980s, most biologists realized that Hox 
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genes were telling us something important about development and 
evolution, but the discovery of this class of transcription factors had 
particular meaning for our understanding of body plans.

Homeotic mutations in Drosophila—mutations that trans-
formed one body segment into another, or that resulted in the 
appearance of complete appendages in inappropriate locations 
(e.g., legs where antennae should be)—had been known since 
the early 1900s (Bridges and Brehme 1944). By the 1950s, E. B. 
Lewis (Lewis 1951), Richard Goldschmidt (yes, the same one) 
(Goldschmidt 1952) and others had identifi ed developmentally 
important genes; mutations in those genes led to dramatic altera-
tions in phenotype. Beginning in the 1970s, the genes respon-
sible for these homeotic transformations were being identifi ed 
and characterized. The picture that was emerging was shockingly 
unexpected: the genes in Drosophila that determined segment 
identity were transcription factors, arranged in a cluster that 
contained multiple Hox genes. Furthermore, the arrangement of 
genes in the cluster was collinear with their pattern of expression: 
genes at the front end of the cluster were expressed in the “front 
end” of the developing fl y embryo; genes at the back end of the 
cluster were expressed at the “back end” of the developing fl y. 
Finally, the temporal order of expression also proceeded from the 
anterior (3') end of the cluster to the posterior (5' end) (Kmita 
and Duboule 2003). The pattern of expression underscored the 
fact that elements of the cluster were regulating one another; the 
consequences of mutation in a Hox gene suggested that these 
genes sat at the apex of a regulatory cascade that would ultimately 
determine the fate and decoration of individual segments in the 
developing fl y. By the mid-1980s, the Hox cluster was no longer 
a fascinating idiosyncrasy in a model organism. Instead, homolo-
gous genes (and clusters) were now being identifi ed and isolated 
in vertebrates. The conserved sequence of the homeobox motif 
and the conserved organization of the cluster left little doubt that 
this homology was profound in both senses of the word: dating 
back deep in time and of major import (Garcia-Fernandez 2005;
Lemons and McGinnis 2006).

The signifi cance of this discovery for our understanding of 
the emergence of biological form was hard to overestimate: here 
was a generalized and fl exible tool for the coordinated control of 
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expression in developmentally important genes. This precise tool 
had been pressed into use in the determination of segmental iden-
tity in arthropods and in the specifi cation of the anterior-posterior 
axis in vertebrates. After more than 500 million years of diver-
gence, the tool remained recognizably similar in both lineages and 
was put to similar use. The implications of this discovery delighted 
Steve, who felt that perhaps we had been too quick to dismiss the 
homology between arthropod segments and vertebrate rhombo-
meres fi rst suggested 175 years earlier by Geoffroy de St. Hilaire 
(Geoffroy Saint-Hilaire 1837). And the surprises kept on coming: 
the utility and versatility of the Hox cluster made it the exaptation 
of choice when “position” need to be specifi ed. In vertebrates, for 
instance, a Hox cluster would be recruited to help organize the 
shoulder-to-fi ngertip axis of the developing vertebrate limb (see, 
e.g., Panganiban, Sebring et al. 1995; Panganiban, Irvine et al. 
1997; Shubin, Tabin et al. 1997).

More important, the discovery of Hox clusters, their conser-
vation, and their distribution across all animal phyla provided 
unexpected support for the notion of patterned or constrained 
morphological innovation. The picture emerging from the new 
discipline of evolutionary-developmental biology—“evo-devo”—
seemed explicitly Chomskian. Beginning in the 1950s, linguistic 
models proposed by Noam Chomsky and others postulated the 
existence of a generative grammar that underlay the immense 
(but nonisotropic) diversity of human languages (Chomsky 1965). 
Here was a similar apparatus to account for diversity of biolog-
ical forms: a single generative engine (the Hox cluster) capable 
of providing extensive, but constrained morphological variety 
(Carroll 1995; Warren and Carroll 1995). For someone (like 
Steve) who was fascinated by the possibility that developmental 
pathways did more than just crank out isotropic variation on which 
selection could act, the Hox cluster seemed like a gift.

The antiquity and versatility of the Hox cluster was also powerful 
ammunition in the debate about the explosion of body plans 
that occurred in the early Cambrian (Knoll and Carroll 1999). 
The traditional accretionist argument assumed that the emer-
gence of a new body plan required the painstaking assembly of a 
series of genetic innovations that would eventually result in novel 
architecture (refs). This model was plausible, but inevitably led 
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to diffi culties when trying to account for the near-simultaneous 
origin of multiple, and radically different body plans. This conun-
drum required postulating either: (1) that the Cambrian explo-
sion was not real, but simply the eventual culmination of a process 
of differentiation that had been set in motion far earlier; (2)
that something dramatic had occurred at the beginning of the 
Cambrian, hastening the origin and assembly of multiple Baüplane-
specifi c gene complexes, or (3) that the dramatic differentiation 
of Baüplane was easier to achieve than we had imagined, as it arose 
from tinkering (the ancestral Hox cluster). The discovery of the 
Hox cluster and its operation suggested that the emergence of new 
body plans did not depend on the slow accretion of new genetic 
information. Instead, the rampant diversifi cation emerged from 
changes in the regulation of expression of one or more members 
of the Hox cluster, a cluster already present in a common bilat-
erian ancestor long before the Cambrian (Hughes 2000; 1989b).
Changes in the timing and domain of expression of one or more 
members of the Hox cluster had important and dramatic conse-
quences on form. In the comparatively under-occupied world of 
the Cambrian seas, a thousand forms could bloom (Knoll and 
Carroll 1999; Carroll, Grenier et al. 2005).

While I was his student in the mid-late 1980s, Steve would occa-
sionally express understandable frustration with what he saw as the 
thoughtless stampede of the life sciences towards molecular and 
mechanistic biology, at the expense of organismal and compara-
tive approaches. But his dismay had more to do with the sociology 
of the fi eld and with the occasional patronizing tone of some of 
our molecular colleagues. In truth, he found the data emerging 
from molecular investigations fascinating, even if he frequently was 
amazed at how authors seemed to miss the most interesting impli-
cations of their own work. He understood early on that macroevo-
lutionary theory at the very least needed to be compatible with the 
insights of molecular biology. More importantly, he understood 
that phenomenology without mechanism could only go so far. Evo-
devo seemed to Steve (and of course to others as well) to promise a 
way out of a descriptive emphasis on outcomes and to offer a path 
towards an exploration of the underlying mechanisms responsible 
for both the conspicuous similarities and the startling differences 
in the form of organisms.



 Genetics and Development 327

Even in its early phase, evo-devo was already offering up insights 
that were crucial to any theory of evolutionary change. Thus, for 
instance, the mutational analysis of developmentally important 
genes suggested that small changes in the sequence of these genes 
(or of their regulatory regions) could result in dramatic and unex-
pected phenotypic effects (Lewis 1994; Carroll, Grenier et al. 2005). 
Although, as we stated earlier, these data did not necessarily address 
the fi tness consequences of such dramatic phenotypic shifts, the 
redundancy of developmental pathways began to suggest a way in 
which fi tness effects could be masked or buffered. Secondly, control 
mechanisms like the Hox cluster gave immediate meaning to some-
what elusive notions of constraint. Given the rules of Hox opera-
tion, the identity of specifi c segments could be changed by altering 
the domain of expression of particular genes, but in an orderly and 
predictable (a.k.a. constrained) way. Given the temporal and colinear 
order of Hox gene expression within a cluster, shutting off one or 
more genes in a cluster causes anterior segments to move to the rear 
of the developing organism. Conversely, increasing the expression 
of one or more genes in the cluster will usually result in posterior 
segments moving towards the front. Considerable evidence suggested 
that many of the morphological innovations propitiated by altera-
tions in the expression of the Hox cluster depended on reductions or 
restrictions in the domain of expression of Hox genes. This reduction 
and specialization of expression domains, coupled with the combina-
torial potential of Hox clusters, seemed to supply an explanation for 
many of the major morphological transitions in the history of life.

I understand the pleasure that Steve took in fi nding our precon-
ceptions tweaked by the discovery of how things actually worked. 
It might make sense to imagine that increasingly complex body 
plans required increasingly complex generating mechanisms (in 
the form of additional autapomorpic Hox genes), but it ain’t 
necessarily so (Gilbert, Opitz et al. 1996; Popodi, Kissinger et al. 
1996). He was even delighted when the notion that Hox clusters 
had remained together, intact and collinear—an article of faith 
in molecular developmental biology—began to fall apart as addi-
tional organisms were examined in detail. One of our last conver-
sations touched on this point. So many surprises out there once 
your start looking, he suggested, and so many implications to the 
idea that the organization of Hox clusters themselves might be 
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evolving in unexpected ways. We now know that Hox clusters are 
dynamic, as individual elements and clusters are lost or duplicated. 
On occasion, individual Hox genes escape the tyranny of colin-
earity and either preserve their ancestral function or are recruited 
into a novel developmental scheme (Hsia and McGinnis 2003;
Seo, Edvardsen et al. 2004; Cameron, Rowen et al. 2006).

Steve would go to some pains to explain that the existence of the 
Hox cluster did not result in “constraint” in the vernacular sense 
(of something desirable that is prevented from happening). Rather, 
the developmental system, internal to the organism, guides or chan-
nels variation. Selection still has a huge role to play, eliminating the 
unfi t (most Drosophila homeotic mutants are very, very unhappy) 
and sorting among the available variants based on their fi tness. But 
this is no longer the organism-as-billiard-ball, free to move in any 
and all directions and guided solely by the strike of the cue. Instead, 
using Steve’s favorite metaphor (borrowed from Darwin’s cousin, 
Francis Galton) we are in the domain of organism-as-polyhedron. 
You can still push a polyhedron around a pool table, but not in any 
direction, and not without resistance (1992f, 2002c).

Steve’s fascination with evo-devo was clearly linked to an intellec-
tual agenda that hoped to replace the sterile caricature of  organisms 
as collections of adaptations refl ecting the power of natural selec-
tion with a more majestic and integrated conception of organisms 
as active players in the evolutionary game. Ironically, macroevolu-
tionary theory had at the same time been attracting signifi cant 
criticism for its efforts to “individuate” species. Any suggestion that 
biological entities above the level of the organism exhibited coher-
ence over evolutionary time—and could thus be the target of sorting 
mechanisms—worried traditionalists. Macroevolution as a process 
appeared to challenge a cornerstone of modern evolutionary theory: 
the centrality of the organism as the only target of natural selection. 
Although that very orthodoxy was being challenged from below by 
notions of “the gene” as the coherent unit of study, efforts to imagine 
sorting or selection above the individual level were viewed with 
distinct suspicion (an argument best articulated by G. C. Williams’s 
1966 Adaptation and Natural Selection) (Williams 1966). Yet despite 
the ostensible primacy of the individual organism as the crucible of 
evolutionary forces, the conception of the organism seemed strangely 
two-dimensional. This externalist conception—where forces outside 
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of the organism played the main shaping role—struck Steve as depau-
perate. Evo-devo held out the promise that we would understand the 
mechanisms of development in a comparative setting. In so doing, 
the ways in which an internal process (development) played a role 
in shaping variation and in guiding evolutionary trajectories would 
fi nally be revealed (Bolker and Raff 1996).

Steve expressed particular joy at the discoveries surrounding the 
genetic underpinnings of eye development. The revelation that an 
ectopically activated Drosophila homeotic gene (eyeless) could result 
in the formation of “eyes” at various locations in the adult Drosophila
body (legs, tips of antennae, etc.) was exciting in itself (Halder, 
Callaerts et al. 1995). But the demonstration that the same effect 
could be achieved by the ectopic expression of the mouse homolog 
(Pax-6) raised the stakes (Gehring 1996). This was now treading 
on sacred ground: the eye had, since Darwin, been the quintessen-
tial example of evolutionary convergence (Salvini-Plawen and Mayr 
1977). Convergence, in turn, was seen as compelling evidence for 
natural selection’s power to continually fi nd the globally optimal 
solution even when presented with vastly different starting points. 
Alternatively, if notions of constraint were to enter the narrative, 
they too were extrinsic to the organism. Eyes converged on similar 
architectures because the physics of light, optics and transduction 
left selection little room to maneuver. But if a homolog of eyeless
could be found in mice, and that homolog could still trigger the 
developmental cascade that resulted in a Drosophila eye, the narrative 
required dramatic revision. Suddenly, the convergence embodied 
by arthropod eyes, cephalopod eyes, vertebrate eyes seemed the 
result of deep, shared developmental pathways (Gehring 1996;
Tomarev, Callaerts et al. 1997). Convergence had become paral-
lelism. To be sure, selection acted powerfully on both the pathways 
and their outcomes. But the options set before natural selection 
now refl ected the operation of shared developmental constraints. 
The eyes in different phyla, similar in overall structure, fascinat-
ingly different in detail, were no longer the refection of formless 
lumps of clay consistently and independently molded by selection 
into similar shapes. The organism, its history, and its developmental 
processes all mattered once again.

As argued elsewhere in this volume, almost all of Steve’s thinking 
and writing was connected via a fairly small number of themes. 
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Nowhere is this more clearly illustrated than in evo-devo. In retro-
spect we can see that the very nature of development—cascades, 
levels of regulation, small changes amplifi ed (or dampened) by the 
complexity of the system itself—all appealed to Steve’s hierarchical 
conception of the evolutionary process. As he saw it, molecular 
biology, the most reductionist of approaches, was yielding up the 
most compelling examples of properties and outcomes that could 
not be predicted from the behavior of individual components. 
Steve viewed evo-devo as an unexpected but welcome vindication 
of his view of life: richly layered, contingent, and maddeningly, but 
not hopelessly, complex.
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Notes

Chapter 1
 1. Steve seemed impatient with the work of others in which he 

could not perceive a coherent theme or thread of larger message. 
I recall that as a student, I heard him say that he had just received 
Nitecki’s book Extinctions to review for Nature, but he couldn’t 
fi gure out what united the chapters and so was (uncharacteristi-
cally) delaying writing the review. (He eventually decided that his 
theme was that there was no theme—titling his review [1985c] 
“An improper taxonomy of death”—which he felt was an impor-
tant substantive conclusion consistent with his emerging ideas of 
the dissociation of mass and background extinction.) Similarly, he 
wrote in the introduction to a volume based on an international 
symposium on Precambrian life that he had he had struggled with 
“what I perceived as a lack of cohesion among the varied topics of 
this conference . . .” (1994g, 1). He eventually found it (inspired 
by wandering in Alfred Nobel’s library): “Our point of union is 
the greatest and, in many ways, the most obvious subject of all: 
Nobel’s personal favorite of history itself . . . Without this integration,” 
he said, tellingly, “the papers of this conference make no sense as a 
unifi ed inquiry. With this perspective, we convert a disparate set of 
studies (whatever their individual excellences) into a worthy, inte-
gral fabric” (emphasis in original) (1994g, 2–3).

 2. Stearns (2002, 2345) suggests that the reverse might be true: “I 
now frequently encounter biology undergraduates, nonacademics, 
and even some nonevolutionary biologists who have read Steve and 
carry quite alarming misapprehensions about natural selection, 
adaptation, and microevolutionary mechanisms, but insist that they 
have understood evolution at the hand of a master and need go no 



further.” The question of who Steve’s fans as opposed to his critics 
were and are (for example, what kind of educational and profes-
sional background they have) would make an interesting research 
topic in the sociology of science.

 3. Steve’s legendary productivity must be considered in any inter-
pretation of his work and his legacy. Although he did leave work 
undone, he surely published a larger proportion of what he thought 
about than most capable people, at least in the fi elds with which 
I am familiar. This suggests that a comparison of his worldview to 
that of other scientists may be skewed simply by Steve’s staggering 
volume of output. That is, many people have lots of interesting ideas, 
but Steve actually had the discipline and energy to write most of 
them out coherently. Perhaps many scientists have equally expan-
sive, coherent, and multifaceted worldviews, but don’t put them on 
paper. (See Shermer [2002] for a partial analysis of Steve’s published 
writings by topic.)

 4. Steve said that he thought one reason that so few people (by his esti-
mation) had actually read Eldredge and Gould (1972) is because it 
was published in a relatively obscure and hard-to-fi nd edited volume 
of a small press.

 5. “The proponents of the synthetic theory maintain that all evolu-
tion is due to the accumulation of small genetic changes, guided by 
natural selection, and that transpecifi c evolution is nothing but an 
extrapolation and magnifi cation of the events that take place within 
populations and species” (Mayr 1963, 586).

 6. In a letter to Sewall Wright, dated January 26, 1981, Steve wrote: 
“My defense of Goldschmidt in Natural History [1977s] was only for 
his general concept of non-extrapolation across evolutionary levels, 
and not for hopeful monsters in his terms. I rejected his systemic 
mutations as based on the incorrect idea that the entire genome is 
physically interconnected so that point mutations, though mappable 
to a spot, can literally affect the entire genome. I did support the 
macro-effect upon phenotypes caused by small genetic changes that 
operate to change rates of development early in ontogeny. . . . But I 
supported them only for the discontinuous origin of key features, not 
for the sudden origin of entire taxa—for I believe that a successful 
new Bauplan must also be based on a large number of subsequent, 
adaptive accommodations to such a new key feature. . . . Ironically, 
a mistake was made in printing the title which, to my embarrass-
ment, came out as ‘hopeful monsters,’ when it was supposed to be a 
sardonic commentary on Goldschmidt’s phrase—‘helpful monsters,’ 
i.e., hopeless as newly evolved forms but helpful to us in our efforts 
to understand genetics and evolution.”

 7. Steve argued frequently that despite all of Darwin’s fame, we have 
not yet fully come to grips with his “outrage” and accepted the 
personal and philosophical implications of natural selection (e.g., 
1977f, 1995s, 1996d).

 8. “I can access everything I’ve read,” he once told an interviewer 
(Lessem 1986, 94). In another interview, not long before his death, 
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he was asked: “You quote so extensively from so many different 
works of literature. Do you honestly recall those passages?” Steve 
responded: “I grew up on baseball statistics. Everybody’s got funny 
little skills. I know where to fi nd things. It may not be in my head, 
but anything I’ve ever read, I could fi nd. [Pause.] Well, that’s ridicu-
lous, of course. That’s not literally true, but I think I pretty much 
can access things that I’ve come across. I don’t have photographic 
memory, but I do have a good sense of where I’ve found something 
and where I can get it” (Monastersky 2002, A17).

 9. Alexander Pope, Essay on Man (1734), Epistle 1, stanza viii:

From Vast chain of being! which from God began;
Natures ethereal, human, angel, man,
Beast, bird, fi sh, insect, who no eye can see,
No glass can reach; from infi nite to thee;
From thee to nothing.—On superior powers
Were we to press, inferior might on ours;
Or in the full creation leave a void,
Where, one step broken, the great scale’s destroyed:
From Nature’s chain whatever link you like,
Tenth, or ten thousandth, breaks the chain alike.

10. Ruse (2001, 10) writes tellingly that Steve always struck him “as 
being closer to God than many conventional believers.”

11. Although the Dinamation Corporation, which pioneered such 
exhibits, is no more (see “ The Decline of the Dinamation Dinos: How 
One Man’s Robots Became Passe,” Wall Street Journal, May 21, 2001), 
the principle remains the same, perhaps even more so, with the advent 
of more sophisticated robotics and computerized special effects.

12. My memory of this paper also includes the somewhat surreal expe-
rience of watching Steve lecture on it—virtually reading the text 
of the paper—to his large lecture class of more than 300 mostly 
nonscience majors, and then of me and my fellow teaching assistants 
struggling to explain hierarchical evolutionary theory to some very
puzzled Harvard undergraduates.

Chapter 4
 1. Steve mentioned to one of us (WDA) more than once that if this was 

the best that paleoecology could do then it was clearly not going to 
be a very important part of evolutionary biology.

 2. WDA, with Steve’s encouragement, spent fi ve months in the Brazilian 
Amazon in 1985 studying forest fl oor herpetofauna (see Allmon 
1991), and Steve once called him “our resident ecologist,” obviously 
not necessarily a compliment.

 3. This passage is reminiscent of a famous description of Darwin’s reac-
tion to tropical rainforest, being amazing in its natural state but also 
enhanced by human modifi cation, in The Voyage of the Beagle : “ The 
land is one great wild, untidy, luxuriant hothouse, made by Nature 
for herself, but taken possession of by man, who has studded it with 
gay houses and formal gardens” (Darwin 1860, 494).



384 Notes

 4. In the mid-1980s, when one of us (WDA) introduced as a section 
topic in Steve’s large lecture course, Science B-16 (see Ross, this 
volume), the connection between modern extinction due to trop-
ical deforestation and past extinctions in geological time (e.g., 
Lewin 1983), and it was soon adopted by other teaching assistants 
in the course, Steve exclaimed (with some mixture of real and mock 
dismay) during a TA meeting that the topic was “sweeping through 
the course like a transposon!”

Chapter 6
 1. This statement is in no way meant to be pejorative; I respected Steve 

immensely as an advisor, teacher, and thinker and I came to know 
and like him as a person. He was proud of his accomplishments to 
the point of arrogance, something he freely admitted, but he was 
also the hardest working person I’ve ever met. Nevertheless, the 
length and digressive nature of The Structure of Evolutionary Theory
will deter many reading it through.

 2. According to Steve, Jack Sepkoski started his compendia as part of 
a lab group discussion when he was Steve’s student in the mid ’70s.

 3. Steve enjoyed telling this story a lot and maybe it was true, but it also 
elides Walter Alvarez’s and Earle Kauffman’s (1984) primary roles 
as developers of the general mass extinction theory.

 4. Forbidding in its imaginary physical aspect, but, to my mind, forbid-
ding to differing viewpoints, too.

Chapter 7
 1. This chapter was originally published in 2002 in vol. 54 of the 

Monthly Review and is reprinted here with the permission of the 
authors.

Chapter 8
 1. Originally published in Biology and Philosophy 19 (2004): 1–15.
 2. His activities in this regard were not so much a matter of writing 

articles—although “Darwin’s Untimely Burial” (1976q) was an 
early attempt to squash some popular mainstays of the nascent 
creationist movement—as in giving lectures and interviews, espe-
cially in popular magazines, newspapers, radio, and television, and, 
of course, in testifying in the Little Rock trial.

 3. Since I am again praising this book, it is worth responding briefl y 
to the recent complaints by Neven Sesardic to the effect that Steve’s 
claims about craniometry have been refuted, and that philosophers 
have been credulous in following Steve and overlooking the refutation 
(Sesardic 2000, 2003). The truth of the matter is that Steve’s interpre-
tations of Samuel Morton’s cranial data have been questioned by John 
S. Michael, who, as an undergraduate student at Macalester College, 
remeasured the skulls as part of an honors project (Michael 1988). 
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It is not entirely evident that one should prefer the measurements 
of an undergraduate to those of a professional paleontologist whose 
own specialist work included some very meticulous measurements 
of fossil snails. But Sesardic leaps from the relatively modest differ-
ences between Steve’s measurements and Michael’s to a much less 
nuanced conclusion than that which Michael himself drew—Steve, 
he believes, is clearly incorrect and has misled people in a number 
of fi elds. So far as I have been able to discover, virtually nobody has 
reacted to Michael’s article by seeing it as a refutation of Steve—with 
two major exceptions: it is used in this way in Herrnstein and Murray 
(1994) and is much ballyhooed by J. Philippe Rushton (indeed, an 
internet search for citations of Michael led me quickly to various sites 
that feature Rushton’s highly controversial claims about race, and to 
virtually nothing else). Sesardic seems much concerned to assign to 
Michael a heroic role that Michael himself does not claim and that 
remarkably few others seem to envisage for him. Pending further 
measurement of the skulls and further analysis of the data, it seems 
best to let this grubby affair rest in a footnote. 

 4. I am grateful to an astute member of the audience at the Philosophy of 
Science Association meeting for raising this point.

Chapter 11
 1. Unpublished lecture notes, Science B-16, Harvard University, 

1985.
 2. William Wordsworth and S. T. Coleridge, Lyrical Ballads (London: 

J. and A. Arch, 1798). No. 4 (Victoria College Library, Toronto).
 3. Unpublished lecture notes, Science B-16, Harvard University, 

1985.
 4. Doug Brown, “Stephen Jay Gould. From Brachiopods to Baseball.” 

www.powells.com/authors/gould.html
 5. In a stimulating collaborative endeavor, Steve and his teaching 

fellows always wrote exam questions together.
 6. “The Validation of Continental Drift,” the essay in which he made 

his prediction, appeared in Ever Since Darwin, not The Panda’s Thumb.
Since Steve wrote so much and cared little about keeping track of 
his publication record, this mistake is not surprising.

www.powells.com/authors/gould.html
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