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Almost a decade ago, Harvard paleontologist and Natural History columnist Stephen Jay Gould
published Wonderful Life: The Burgess Shale and the Nature of History (W W Norton and
Company, 1989). In addition to chronicling ongoing work on the Buigess creatures, Gould used
these fascinating fossils to exemplify his view of evolution. A few months ago, in The Crucible of
Creation: The Burgess Shale and the Rise of Animals (Oxford University Press, 1998),
invertebrate paleontologist Simon Comway Morris, of Cambridge University, a key player in Burgess
research, challenged Gould's interpretations. We invited Conway Morris to summarize his argument,
which we publish here, along with Gould’s reply.—FEds.

THE CHALLENGE

By Stmon Conway Morris

Few books on paleontology have
achieved the wide readership of
Stephen Jay Gould’s Wonderful Life,
which popularized research spear-
headed by Harry Whittington at Cam-
bridge on the 520-million-year-old
Burgess Shale, found between two
peaks in the Canadian Rockies near
Banft. But Gould did much more than
chronicle discoveries concerning these Cambrian fossils; he also
set forth his own deeply held views on the mechanisms and na-
ture of evolution—and even on humankind’s place in the uni-
verse—as the “lessons” to be drawn from the Burgess Shale.

In my new book, The Crucible of Creation, T arguc that the
major premises and conclusions of Woaderfil Life must be seri-
ously challenged. Let me begin with some matters of interpreta-
(Please turn to page 49)

THE REPLY

By Stephen Jay Gould

The recorded history of life on earth
extends from 3.5-billion-year-old bac-
teria to our modern biota of oak trees,
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great white sharks, people, and many
other organisms of stunning diversity, If
evolution had followed a path of
smoothly rising complexity, then our
cultural preferences for progress would
be fulfilled and paleontology would val-
idate our deepest hopes and expectations. But life’s bumpy and
unpredictable course challenges us at every turn, Why did uni-
cellular organisms of bacterial grade hold exclusive sway for
nearly 2 billion years—more than half of life’s duration on earth?
When multicellular animals of modern design finally entered
the fossil record, why did nearly all phyla make their initial ap-
pearance in an interval so brief {perhaps no more than 5 to 10

(Please turn to page 52)
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(T'HE CHALLENGE, continued from page 48;
tion of patterns in the fossil record, then move on to paleonto-
logical particulars, and finally offer different “lessons” on what
the Burgess Shale means in the larger reading of evolutionary
history.
Gould emphasizes, above all, the apparent weirdness and di-
versity of the Burgess fossils. How, he asks, was such an extraor-
dinary range of anatomies produced, and all apparently in a
blink of geological time? He hints at a special mechanism at
work——some unusual genetic happenstance gone wild—that
might account for the production of so many biological novel-
ties in such a startingly short period of time, perhaps only a few
miltion years. And what if we could “rerun the tape” so that the
subsequent  history of this
maclstrom of diversification
would have taken a different
course? We would stiil have a
planet full of life, he argues,
but surely one utterly different
from our familiar world. No-

tably, this new trajectory of
evolution would probably not
have led to the human species
and its unique form of con-
sciousness and self-awareness,
which emerged through a se-
ries of contingent accidents in
a unique, unrepeatable se-
quence.

Gould also charges that
Charles D. Walcott, the dis-
coverer of the Burgess Shale,
was ill equipped to appreciate
how diverse these novel phyla
of sea creatures really were.
Committed to the orthodox
view that the range of life-
forms must become cver
greater over time, Walcott, in
CGould’s view, was unprepared
to confront a world in which
the proliferation of different
kinds of life-forms (phyla) was
much greater in the distant
past than in, say, the age of
dinosaurs or the more recent
age of mammals. Therefore,
he argues, Walcott attempted
to “shochorn” a range of pre-
viously unknown creatures
into a few familiar categories
to fit his preconceptions.

(GOULD HINTS AT A SPECIAL
MECHANISM AT WORK IN THE BURGESS
FAUNA—A GENETIC HAPPENSTANCE
GONE WILD.

y swinnmers and floaters. In this

reconstriction, the animals with antennae-like appendages in the
upper left are Pikata. These creatures, with mdimentary backbones, was  not
may have been ancestral to all vertebrates.

Gould asserts that paleontologists have only just begun to appre-
ciate the ever-expanding catalog of bizarre “dead-end experi-
ments” conducted by nature in ancient seas.

Looking back at the Cambridge group’s classifications of the
Burgess Shale, undertaken many decades after Walcott’s pio-
neering work, my colleagues and [ can see that we made some
mistakes. Too often, we thought we had stumbled across vet an-
other novel body plan (phylum, if you will}, and in a few crucial
instances, we did not realize that seemingly unrelated fossils
were actually fragments of a single organism. With the benefit of
hindsight, we can see that we had exaggerated the diversity of
these supposedly bizarre fossils and needed to reconsider their
evolutionary relationships. Recent discoveries in southern
China (Yunnan) and northern
Greenland (Peary Land) have
provided links that join several
of these previously uncon-
nected fossils and establish
them in recognizable phyla.

Lets begin with the ani-
mal Wiwaxia. In Wonderful
Life, it is described as “another
oddball,

closer to the Mollusca than to

Burgess perhaps
any other modern phylum . . .
but probably not very close”
Ironically, the first break-
through in establishing Wi-
waxia’s affinities came from a
postgraduate paleontologist at
Harvard who was inspired by
Gould’s lectures a decade or
s0 ago. This young researcher,
Nick Butterfield, managed to
extract pieces of scalelike
armor from the fossilized
creature. When Butterfield
studied their microstructure,
ke noticed immediately that it
was the same as that of the
chitinous bristles (chactae)
that project from the bodies of
such modern annelids as
carthworms. His conclusion,
published in 1990, was that
Wiwaxia was not a mollusk at
all but an annelid. Yet this was
2 what Walcott had claimed in
1911. In at least this case, But-
terfield concluded, Walcott
“shoehorning™
bizarre animals into familiar
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THE BURGESS CREATURES DO NOT
FORM AN EXCEPTION TO THE
ORTHODOX MECHANISMS AND
PATTERNS OF EVOLUTION.

phyla, as Gould had charged;
Walcott had got it right the
first time.

Another recent discovery,
in which I was fortunate to
play a role, sheds further light
on the place of certain
Burgess animals in evolution-
ary history. On July 9, 1989, 1
was with a team in northern
Greenland, collecting at a site
containing fauna from Sirius
Passet, a regional variant of
the Burgess Shale. It was our
first day at the site, and almost
immediately we found an ex-
traordinarily complete fossil
of a halkieriid—an armored
slug with: a big shell at either
end. We wondered whether
this organism—with such a
weird anatomy, apparently so
different from any other ani-
mal’s

represented yet an-
other new phylum. But that
was only at first sight. Undil
then, halkieriids had been
known only from the evi-
dence of isolated scales; with
our discovery of this and
other complete specimens,
however, we were able to confirm that the creature was in real-
ity closely related to Wiwaxia,

In making that connection, we were moving toward resolv-
ing a fundamental problem in evolution: How are body plans
constructed, and how do new phyla actually emerge? To get
from halkieriids, well represented as Lower Cambrian fossils, to
Wiwaxia, which thrived in the Middle Cambrian, there is no
nced to postulate macroevolutionary junps or some sort of ge-
netic revolution. The halkieriids are not only older than Wi-
waxia but also clearly more primitive. In life, halkieriids crawled
across the seabed, their scales forming a beautifully arranged
protective armor. Wiwaxia looked somewhat similar, but as But-
terfield showed, its scales evolved into chaetae. So is Wiwaxia an
annelid? It is really 2 matter of definition, but in my opinion,
Wiwaxia is a member of the annelid stem group—a creature still
in the process of becoming an annelid. Once scrutinized, the wi-
waxiids and the halkieriids, despite their seemingly great differ-
ences, are closely related. They may be connected by two simple
steps: the scales of halkieriids are transformed into wiwaxiid
chaetae, and lobate, leglike extensions develop so that the style
of locomotion changes from crawling to a kind of stepping,

Posterior shell of o halkieriid—an ancestral brachiopod?

In recent vears, the tech-
niques of molecular biology
have profoundly influenced
paleontology in ways that bear
on Goulds premise that the
Burgess Shale was a seemingly
inexplicable explosion of
hundreds of bizarre life-
forms, unrelated to anything
familiar. One major surprise
comncerns the evolutionary po-
sition of the phylum Bra-
chiopoda, a group with bi-
valved shells. Molecular data,
quite uncxpectedly, shows
brachiopods to be closely re-
lated to annelids. Functional
morphology also indicates
that the shells of brachiopods
must have originated as two
separate valves; clams, in con-
trast, derived their familiar
double shells from an ancestor
with a single plate, across
which developed a narrow
zone of weakness, which be-
came the hinge. Projecting
from the margin of both
valves of a brachiopod are del-
icate, chitinous bristles—

identical to those of annelids.
Halkieriids also have two prominent shells. In the pre-bra-
chiopods, T believe, the two shells were probably close to each
other, back to back. To produce a true brachiopod, all that was
necessary was to fold one shell beneath the other. And, interest-
ingly, exactly this process can be seen in the embryological de-
velopment of certain primitive, living brachiopods. So what was
once a worm is transformed into a bivalved animal, the familiar
brachiopod. MNor does the story finish here. If the scales of
halkieriids can become chaetae, surely they can also evolve into
the structurally identical chitinous bristles of a brachiopod. Of
course, the origin of brachiopods is not so simple, but such
transformations are functionally plausible and historically believ-
able. Although constrained by genetic possibilities, they are
products of convergent evolution. Similar environmental selec-
tion pressures, acting on differing anatomies, can create conver-
gent or parallel adaptations.

New discoveries and interpretations have altered our view of
arthropod evolution as well. The biggest surprise is Flallucigenia,
exemplar of the bizarre. Or is it? Recent finds from the Chinese
deposit of Chengjiang reveal that my original reconstruction of
this odd-looking, spiky animal had but one simple mistake: I
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had envisioned it upside down. Hallucigenia (2 name coined by a
colleague and me in an attempt to capture its dreamlike appear-
ance) may still look strange, but with new discoverices, especially
from southern China, Hallucigenia is now seen to belong to a
group of primitive arthropods. And what about the famous
Anomaloecaris, another of Gould’s star oddballs? “Nothing . . .
about Anomalocaris suggests a linkage with arthropods,” he
writes. Now we know better. The discovery, in different species,
of lobopod-like legs and jointed appendages along the length of
the body not only establishes a link between Anomalocaris and
the more primitive Hallucigenia but also is cructal for under-
standing the appearance of the first arthropods—a group that
would eventually radiate into crabs, spiders, and the millions of
species of insects.

So the Burgess creatures
do not form an exception to
the orthodox mechanisms
and patterns of evolution, as [
believe Gould has implied.
The new cvidence suggests
that not only did the sheer
number of species increase
since the Cambrian (as nearly

Simon Conway Morrls

everyone agrees), but, more
significantly, the total num-
ber of phyla has been main-
tatned and has not, contrary
to what Gould has written,
shown a catastrophic decline.
But now we come to the
most egregious misinterpre-
tation of the Burgess Shale in
Gould’s book—a conclusion
drawn not from the evidence
of paleontology but from
Gould’s personal credo about
the nature of the evolution-
ary process.

Gould sees contingency—
evolutionary history based on
the luck of the draw—as the
major lesson of the Burgess
Shale. If you rerun the tape of
evolution, he says, the results
would surely come out differ-
ently. Some creature similar to
Pikaia, 3 small eel-like animal
with a rudimentary head, may
have survived in Cambrian
seas to become the ancestor of
all vertebrates. If it hadn’,

Gould says, perhaps other— A complete halkierisd from novthern Greenland

(GOULD’S EMPHASIS ON CHANCE AND
ACCIDENT OBSCURES THE REALITY OF
EVOLUTIONARY CONVERGENCE.

entirely different—major animal groups would have evolved in-
stead from one of the Burgess Shale’s other “weird” body plans.
Such 2 view, with its emphasis on chance and accident, obscures
the reality of evolutionary convergence. Given certain environ-
mental forces, life will shape iwself to adapt. History is con-
strained, and not all things are possible.

To understand how creatures that are descended from very
different groups can evolve similar forms and functions, consider
that dolphins, which evolved from doglike mammuals, are shaped
like fish because there exists an optimal shape for moving
through water—a classic example of convergent evolution. Or
consider another example: both placental mammals and marsu-
pials produced a large, saber-toothed carnivore on separate con-
tinents. If such a quality as intelligence can arise both in human
beings and in the octopus—
an eight-armed sea animal
without a bone in its body—
then perhaps there is a course
and a direction to evolution
that would be achieved de-
spite diverse anatomical start-
ing points.

Contingency or no, [ be-
lieve that a creature with in-
telligence and self-awareness
on a level with our own
would surely have evolved—
although perhaps not from a
tailless, upright ape. Almost
any planet with life, in my
view, will produce living crea-
tures we would recognize as
parallel in form and function
to our own biota. But first,
life must arise, and we have no
idea how rare an event that
might be. If we are honest,
despite our exciting fancies
about extraterrestrials, we
must admit the real possibility
that life arose but once, and
that we are alone and unique
in the cosmos—with an awe-
some and, to many, unantici-
pated role as stewards of all
other living things. But were
we to let evolution take an-
other route than it did, why
not grant (as Gould will not)
that another kind of being
would have evolved to fill our
special place in nature? D

Copyright © 1999. All rights reserved.
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(T'HE REPLY, continued from page 48)
miflion years} that paleontologists call this episode the Cambrian
explosion?

The Burgess Shale, in the Canadian Rockies, contains the
world’s most important fossil fauna—a detailed and exquisite
record {with rarely preserved soft parts included) of marine life
about 520 million years ago, just following the Cambrian explo-
sion and therefore permitting us to census the results of this
seminal episode in the history of animal life on carth.

Charles ID. Walcott, a great American paleontologist, discov-
ered the Burgess Shale early in our century but failed to appre-
ciate its full significance. Beginning in the 1960s, Cambridge
University paleontologist Harry Whittington, in eventual part-
nership with two remarkable graduate students, Derck Briggs
and Simon Conway Morris, restudied Walcott’s extensive col-
lection in conjunction with new material from their own field-
work and developed a novel interpretation with profound im-
plications for our understanding of evolution and the history of
life. I told the story, following their views of the Burgess fauna
quite strictly (while presenting my own best judgment about
larger implications), in my book Wonderful Life. Simon Conway
Morris {who has since rejected his original interpretation and
reached a nearly opposite conclusion—in general, an admirable
stance for a scientist, although in this particular case, I think chat
Comnway Morris was right the first time around) recently chal-
lenged my reading in The
Crucible of Creation, the impe-
tus for this dialogue.

Interpreting the fauna of
the Carnbrian explosion raises
two deep and distinct issues,
often confused in Conway
Morris’s commentary but
providing a good framework
for exemplifying our differ-
ences. First, a question of ori-
gins: How could so much
anatomical variety evolve so
quickly? In particular, must
novel evolutionary mecha-
nisms be proposed for such a
burst of activity? Second, a
question of consequences:
How many distinct lineages
arose in the Cambrian explo-
sion? Flow many survived to
leave modern organisms as
descendants? Why have no
new animal phyla (with the
single exception of Bryozoa)
evolved in more than 500
million years since the Cam-

IN LESS THAN 20 MILLION YEARS,

ALL MAJOR MARINE INVERTEBRATE PHYLA
EVOLVED. . .. HOW CANTHIS NOT BE SEEN AS
AUNIGQUE TIME OF EXPLOSIVE AND
UNPARALLELED DIVERSIFICATION?

This Burgess Shale scene features the predator Anomalocaris,

which has captured a trilobite. On the seafloor are a Wiwaxia
(far ieft) and, among others, three Flallucigenia (center).

brian explosion? Iid surviving lineages prevail for predictable
reasens of superior biomechanical design or ecological adapta-
tion? Or did nature (to speak metaphorically) play a grand lot-
tery with this initial diversity, issuing just a few winning tickets
effectively at random—thus implying that modern groups, in-
cluding our own lineage of vertebrates, owe their current suc-
cess to an initial luck of the draw, combined with good fortune
along the meandering paths of history’ later contingencies?

The question of origins: 1 devoted only a few pages to this fas-
cinating topic in Wonderful Life because so little meaningful evi-
dence exists, and fruitful science must be defined by palpable
and potentially decisive data, not by our subjective sense of in-
trigue or importance. (For this reason, questions about intelli-
gent extraterrestrial life remain scientifically vacuous, although
no issue could be more important in principle.)

As a framework for tackling the puzzle of why so much
anatomical variety arose so rapidly at this unique time, [ sug-
gested that twao basic approaches should be explored (with a full
answer undoubtedly requiring a balance of both). An “external,”
or ccological, perspective would focus upon the uniquely
“empty” ecological barrel of potential environments for mobile
multicellular animals at the dawn of Cambrian time; almost any
“experiment” might work for a while during an initial “fili-
ing”—at least until Darwinian forces sorted the workable from
the suboptimal and placed a brake upon subsequent change of
such magnitude. By contrast,
an “internal” genetic or devel-
opmental perspective might
view the Cambrian as a tdme
of unique flexibility, before
definite patterns of growth
from egg to adult became so
locked into the embryology of
complex organisms that fun-
damental reconstructions be-
came nearly impossible,

I suggested in Wonderful
Life (and still maintain) that
scientists should devote more
attention to the unconven-
tional internal arguments than
to the more familiar ccologi-
cal claims. 1 proposed no
bizarre or novel evelutionary
mechanisms but only empha-
sized a potentially greater efh-
cacy for ordinary processes at
a unique time of organic flex-
ibility, before major develop-
mental pathways became ir-
revocably set. I therefore feel
that Conway Morris has mis-

Copyright © 1999. All rights reserved.



represented my views by
vague allusion (for he can cite
no true source for arguments [
never made} when he states
that T hint “at a special mech-
anismt at work—some unusual
genctic happenstance gone
wild” or when he floats an

v

even vaguer charge about un-
orthodox mechanisms that he

n Conway Mon

“belicves” T have “implied.”

The question of consequences:
This second key issie does call
upon a large and juicy reser-
voir of testable evidence and
therefore does become subject
to scientific adjudication and
fruitful debate. I based Won-
detful Life almost exclusively
upon this issue. Two basic
questions, with different judg-
mients and implications, have
been widely debated within
this general theme:

1. How much anatomical
variety did the Cambrian ex-
plosion generate? Did the
number of early experiments
exceed (or overshoot) our
current range of organic ar-
chitecture? Wonderful Life ar-
gues for greater disparity dur-
with
subsequent trimming on the

ing the explosion,
“lottery model”—thus raising
the interesting implication
(and central theme of my
bock) that if we could per-
form the

great undoable

thought  experiment  of
“rewinding the tape of lifc” back to the Cambrian and “distrib-
uting the lottery tickets” at random a second time, the history of
animals would follow an entirely different but equally “sensible”
course that would almost surely not generate a humanoid crea-
ture with self-conscious intelligence.

Most of Conway Morris’s commentary properly focuses on
a crucial and testable point. He denies my claim for a Cambrian
overshoot by arguing that most Burgess “oddballs” really belong
to modern groups {or to formative stages of modern designs)
when properly interpreted. Therefore, the Cambrian did not
generate enough anatomical variety to tuel a markedly different
outcome for any hypothetical replay of life’s tape.

ATTHOUGH HE CHARGES ME WITH
HAVING A PERSONAL CREDO ABOUT
EVOLUTION, I AM PUZZ1ED THAT
ConwAay MORRIS DOESN'T GRASP THE
EQUALLY STRONG PERSONAL

PREFERENCES IN HIS OWINVIEW OF LIFE.

I accept and applaud some
of Conway Morriss argu-
ments, while regarding the
tone of his rhetoric as pecu-
Har in several key places. Why,
for example, does he label as
ironic the fact that Butter-
field’s more orthodox reinter-
pretation of Wiwaxia began
with an interest in my lec-
tures? [ don’t know what
could bring a scientist greater
pleasure—the very antithesis
of irony-—than the honor of
having his ideas act as a spur
to important advances in
knowledge, whatever the im-
pact upon any initially favored
and necessarily tentative hy-
pothesis. And why does Con-
way Morris imply that [ have
been soft-pedating the revised
interpretation of Hallucigenia,
when I applanded this discov-
ery as soon as it was an-
nounced by writing an cntire
essay for this magazine enti-
tled “The Reversal ot Hallucdi-
genia” (January 1992)?

Nonetheless, I think my
central argument has fared
well in the decade since the
publication of Wonderful Life,
for both a general and a spe-
cific reason. For the general
argument, my colleaguc Mike
Foote, of the University of
Chicago, and I engaged 1n a
technical debate with Con-
way Morris’s colleagues (pub-
lished in our major professional journal Palcobiology) on the
quantitative assessient of comparative degrees of anatomical va-
ricty in the Burgess Shale versus modern oceans. Even our
staunchest critics agreed that the Burgess range equaled the
modern scope (while we argued for a greater variety in Burgess
times). In other words, even our strongest opponents admit that
in less than 20 million years from the inception of the Cambrian
explosion to the deposition of the Burgess Shale, marine inver-
tebrate life reached a fully modern range—and that more than
500 million years of subsequent evolution has not at al} enlarged
the scope of basic anatomical variety. In this context, how can
the early Cambrian be viewed as anything other than a unigue

Copyright © 1999. All rights reserved.
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(CONSCIOUSNESS AT OUR. LEVEL HAS
EVOLVED BUT ONCE ON EARTH—AN
INDICATION THAT SUCH A PHENOMENON IS
NOT INEVITABLY MEANT TO BE.

time of explosive and unparal-
leled diversification?

For the specific argument,
I believe that many Burgess
and other early Cambrian
creatures arc weirder than
Conway Morris allows and
that several of his linkages to
modern groups remain fanci-
ful at best. For example, he
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blithely speaks about connect-
ing wiwaxiids and halkieri-
ids—rather dissimilar crea-

tures, to my eyes—by “two

0. Louis Mazzatenta; Nati

simple steps” that seem both
complex and improbable to
me. How can Conway Morris
view the evelution of lobo-
pods (leglike extensions pre-
sent in halkieriids but not in
wiwaxiids) from no prior
structure at all in supposedly
ancestral halkieriids as 2 sim-
ple and obvious step? I am even more surprised by Conway
Morris’s confidence that the two plates at cither end of an elon-
gated Halkieria can overcome their several centimeters of separa-
tion to become the two connected valves of a brachiopod.

(I must also ask readers’ indulgence for a paragraph that
Robert’s Rules of Order would call & “point of personal privilege”:
Conway Morris has chosen, less in this article than in his book,
to be imperiously dismissive of my ideas, as if no sensible or ex-
perienced person could ever advocate such prejudiced nonsense.
But he never tells us that Wondesful Life treats him, in his radical
days as a graduate student, as an intellectual hero. I developed
my views on contingency and the expanded range of Burgess
diversity directly from Conway Morris’s work and explicit
claims, and I both acknowledged my debt and praised him un-
stintingly in my book. I even suggested—although it’s surely
that Whittington, Conway Morris, and
Briggs should receive the Nobel Prize for their exemplary work.

none of my business

Conway Morris is certainly free to change his mind, as he has
done. Indeed, such flexibility can only be viewed as admirable
in science. But it is a bit unseemly never to state that you once
held radically different opinions and to brand as benighted, in
sorie obvious and permanent sense, a colleague who holds the
views you once espoused. I do thercfore object to Conway
Morris’s strategy of working out his own ontogenetic issues at
my expense. Lest readers think I am being either peevish or
idiosyncratic, may I cite our British colleague Richard Fortey,
who generally sides with Conway Morris on the scientific de-
bate, from the October 10 issue of the London Review of Books:
“What is peculiar about [The Crucible of Creation] is that the ca-

Students expose Cambrian _fossils at Macting Shan, in Yinman
Province, China.

sual reader . . . would never
guess from it that Conway
Morris ever entertained views
different from those he now

holds. .

amnesia which accounts for

.. It is this selective

the passion of his disillusion
with Gould, for Gould has
preserved in the print of a
best-scller ideas that Conway
Morris . . . now repudiates.
He is furious that his past mis-
interpretations have been so
eloguently placed on record.
. .. The way Conway Morris
goes about biting the hand
that once fed him would
make a shoal of piranha seem
decorous.”)

2. How repeatable is the
history of life? In particular,
did lineages that survived after
Burgess times prevail for pre-
dictable reasons of adaptive superiority or by the luck of the
draw? If we could replay life’s history from Burgess beginnings,
would the same trends accur, and would a self-conscious species
arise again on earth? Conway Morris rests his claim for substan-
tial predictability upon the important cvolutionary phenome-
non of convergence, or the independent origins of similar and

highly adaptive designs in separate lineages—with the wings of
bats, birds, and pterosaurs (flying reptiles of dinosaur times) or
the eyes of squid and vertebrates as classic examples. But I think
that Conway Morris has given too prominent a role to an ad-
mittedly interesting principle for three reasons:

a) As a striking phenomenon, convergence draws our atten-
tion, but I think that we often overestimate its sway. Nearly all
textbooks stress the admittedly remarkable convergences of sev-
eral Australian mammals with their independently evolved
counterparts in northern continents (for example, the marsupial
“mole” with the denizens of our gardens, and the extinct Aus-
tralian marsupial thylacine, otherwise known as the Tasmanian
wolf, with doglike carnivores). When T first visited Australia, I
expected to be overwhelmed by these demonstrations of con-
vergence, but I encountered just the opposite phenomenon:
uniqueness and difference, with convergence as an oddity sin-
gled out for textbook illustration. The mammalian fauna of
Australia, after all, is dominated by upright and effectively
“three-legged” herbivores known as kangaroos—a group with
no evolved counterpart elsewhere.

b) Most outstanding examples of convergence build upon an
inherited anatomical substrate that evolved by ordinary routes of
highly contingent and unrepeatable historical circumstance. For
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example, the wings of bats, birds, and pterosaurs are convergent,
but all these seructures evolved from vertebrate forelimbs of sim-
ilar inherited design, not from scratch. In replaying life’s tape
from Burgess beginnings, what odds would anyone place on the
evolution of such forelimbs if no ancestral creature had the pre-
cursors for these structures?

¢) Bvidence for convergence requires multiple cases of inde-
pendent evolution, while the example that we all carry closest to
our hearts (and that engenders the emotional vomph in this de-
bate)
an outstanding singleton in the only history ofdife we know: the

the evolution of conscicusness in Homo sapiens—remains

story of our own planet. ([ am not impressed by Conway Mor-
ris’s citation of octopuses, a group that 1 deeply admire and re-
spect but that hasn’t, and presumably can’t, return the comph-
ment via any higher mental functioping of its own.)
Consciousness at our level of language and conceptual abstrac-
tion has evolved but once on
earth—in a small lineage of
primates (some 200 species),
within a small lineage of
mamals (some 4,000 spe-
cies, while the more successful
beetles now number more
than half a million), within a
phylum that prevailed by con-
tingent good fortune from the
Burgess draw. If complex
consciousness has evolved but
once in the admittedly limited
domain of known evidence,
how can anyone defend the
inevitability of its convergent
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evolution?

Finally, Conway Morris
charges that my arguments for
contingency arise “not from
the evidence of paleontology
but from Goulds personal
credo about the nature of the
evolutionary process.” This
claim, however ungenerously
stated, is—and must be—true,
for any general view of life
must read evidence in the
light of a favored theory. 1
would, however, label my
view as a vahid reading of pa-
leontological evidence in the
context of a theory about life’s
evolution and history that 1
have worked out by consider-
able thought, practice, and in-

“THE waAY CONWAY MORRIS GOES
ABOUT BITING THE HAND THAT ONCE FED
HIM WOULD MAKE A SHOAL OF PIRANHA
SEEM DECOROUS.

—Richard Fortey

A view of the Burgess Shale formation in Yoho National Park,
British Colhimbia

tellectual struggle, and that I always explicitly identify as tenta-
tive, undoubtedly wrong in places (but not, I hope, in general
approach), and embedded (as all ideas must be) in my own per-
sonal and social context.

[ am puzzled that Conway Morris apparently doesn’t grasp
the equally strong (and inevitable) personal preferences embed-
ded in his own view of life—especially when he ends his com-
mentary with the highly idicsyncratic argument that life might
be unique to Earth in the cosmos, but that intelligence at a
human level will predictably follow if life has arisen anywhere
else. Most people, including me, would make the opposite argu-
ment based on usual interpretations of probability: The origin of
life seems reasonably predictable on planets of earthlike composi-
tion, while any particular pathway, including consciousness at
our level, seems highly contingent and chancy. | don’t know how
else to interpret the cardinal fact that life did originate on earth
almost as soon as environmen-
tal conditions permitted such
an event—an indication, al-
though surely not a proof, of
53 reasonable expectation and
predictability; whereas con-
sciousness has evolved only
once, and in a marginal lin-
eage among so many million
that have graced our planet’s
history—an indication, al-
though again not a proof, that
such a phenomenon 1s not in-
evitably meant to be.

Conway Morriss peculiar
and undefended reversal of
these usual arguments about
probability *can arise only
from a “personal credo”—and
I would value his explicit at-
tention to the sources of his
own uncxamined beliefs. All
scientific greatness must inte-
grate external data with the
internal power of a fruitful
view of life—the more icono-
clastic the better, for Lord
only knows that hidebound
tradition and stupidity stand as
the greatest barriers to en-
larged understanding. But we
cannot appreciate and use our
own mental power if we do
not follow the earliest and
greatest advice of our classical
torebears: Know thyself. [
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