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DO YOU THINK THAT THE NUMBER OF
MECHANISMS REQUIRED TO ACCOUNT FOR
PRESENT LIFE ON EARTH AND THE FOSSIL
RECORD NEEDS TO BE ENLARGED BEYOND
TRADITIONAL IDEAS OF EVOLUTION THROUGH
VARIATION AND NATURAL SELECTION? 

I don’t think it’s really so much a question
of new mechanisms. It's how the
mechanisms that we’re more or less
familiar with operate over the broad
scales of time that create the
macroevolutionary record. For example,
we know how the mechanism of natural
selection works, but in strict Darwinian
theory, it operates on organisms within
populations. Changes within populations,
by extrapolation, then produce the full
panoply of changes in the history of life.
This yields a fully reductionistic, single-
level account of evolution: micro-
evolutionary Darwinism working within
populations, at the level of the organism,
produces everything. The way many
paleontologists and I look at the world – I
think this can be called a general
movement within evolutionary theory
today – is to recognise that natural

selection operates on other kinds of
biological "individuals" which have the
requisite properties. Under certain
circumstances, groups within species, or
species themselves, are discrete entities
that have birth points and death points.
They are quite stable, and they have
differential numbers of offspring which
look like them. These are all the
characteristics you need for Darwinian
individuality, so selection can also operate
on the properties of species, particularly
on emergent properties of species that
can’t be reduced to the characteristics of
organisms. 

Now in a sense we understand the
mechanism of selection, but when you
treat a species as an irreducible entity, you
are explaining trends as the differential
success of species rather than an
extrapolated Darwinian triumph of the
individual organism. This leads to a
different set of explanations for things –
not a new mechanism, but the application
of the selectionist argument to different
levels of organisation. That is one kind of
addition you need to make to
evolutionary theory. It’s not anti-
Darwinian but it certainly expands and
changes the scope of the original theory. 

WOULDN’T A GLOBAL CATASTROPHE, SUCH AS
A MASSIVE METEORITE STRIKING THE EARTH,
HAVE A QUALITATIVELY NEW TYPE OF EFFECT
ON EVOLUTION? NORMALLY CATASTROPHES
ARE REGIONALLY RESTRICTED, MEANING THAT
POPULATIONS OF A SPECIES WHICH HAD
MOVED OUTSIDE A PARTICULAR REGION
MIGHT WELL SURVIVE.

A global event would cause populations
which have undergone local adaptations
to adapt to global change, and that’s
what’s unexpected. As you know, under
Darwinian theory if the environment
changes too fast for most organisms to
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adapt, then they die. Things are different
when unpredictable, major environ-
mental changes result in catastrophic
mass extinctions and have a fortuitous
effect on a large part of the patterning of
evolutionary change. You could never, by
studying ordinary natural selection in
normal times, predict that mammals
would win over dinosaurs. In normal
times before the mass extinction, they
never did – they were always out-
competed by dinosaurs. It took an
external trigger of catastrophic change to
do dinosaurs in while letting mammals
get through. Not because mammals were
better, but because mammals fortuitously
had certain properties that enabled them
to survive. 

There was evidence for catastrophic mass
extinction when Darwin wrote the Origin
of Species; he tried very hard to reinterpret
that evidence as due to imperfections in
the geological record, and to see it as the
result of ordinary, slow environmental
change. In his view there might have been
accelerations of environmental change,
but these wouldn’t have been fast enough
or of wide enough scope to really
discombobulate everything. The crucial
factor is less the globality of the event
than its major impact, one to which local
creatures could not have adapted. A
species’ prior adaptive successes won’t
predict whether it will fortuitously
survive such a catastrophe. Extrapolating

from Darwinism, local adaptations tend
to accumulate to some general state of
biomechanical improvement for a species
through time, which will help it get
through less catastrophic events.

COULD BEHAVIOR AS WELL AS GEOGRAPHY
LEAD TO ISOLATION AND SPECIATION? FOR
EXAMPLE, LET'S SAY THAT A LOCAL TOWN
HERE WANT TO GET RID OF A MASSIVE
POPULATION OF WILD CATS. THEY GO AROUND
CHASING AND ELIMINATING ANIMALS, BUT
THEY DON’T HAVE A LOT OF MONEY TO SPEND
ON IT, SO THEY MISS THE REALLY WILD ONES,
WHICH SURVIVE. ANOTHER TYPE TO SURVIVE IS
VERY FRIENDLY AND CUDDLY AND GETS TAKEN
BY PEOPLE. THERE MAY BE NO DEFINABLE
GENETIC DIFFERENCE BETWEEN THE GROUPS,
BUT EACH WOULD BE A SURVIVAL STRATEGY.

You are suggesting the "Pied Piper"
theory applied to cats in Heidelberg,
instead of rats or children in Hamlin.
Well, isolation only creates the potential
for speciation. The precondition of
speciation is that a group becomes so
isolated and separate that it will breed
only within itself. Conventionally, it was
hard to think of a way to achieve that
isolation except by true geographic
separation – how would it happen if the
populations shared one area? But what
you’re suggesting is not so far-fetched. I
think there are a set of ways whereby
isolation can be achieved by behavioural
differences. Normally, of course, it would
be something besides human selection –
perhaps one group may just begin
breeding at a different time than the other,
or one group may live on a different type
of food.

YOU’VE WRITTEN ABOUT HOW PARTICULAR
FEATURES OF A SPECIES CAN BE MAINTAINED
OVER VERY LONG STRETCHES OF
EVOLUTIONARY TIME: OFTEN A BEAK
CONTINUES TO RESEMBLE THE SAME TYPE OF
BEAK OVER MILLIONS OF YEARS. IS THAT
BECAUSE SELECTION NEVER TRULY WORKS ON
SINGLE INDIVIDUALS, BUT ALWAYS ON
POPULATIONS WITH A WIDE AND
UNDEFINABLE GENETIC BASE?

Selection does work on individuals, but
the effect can only be manifested in the

“When you treat a species as an
irreducible entity, you are
explaining trends as the
differential success of species
rather than an extrapolated
Darwinian triumph of the
individual organism ... It’s not
anti-Darwinian but it certainly
expands and changes the scope
of the original theory.”
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group. It’s always a statistical
phenomenon. In the conventional theory
you argue that those organisms that
fortuitously vary in a locally adapted
direction will leave more surviving
offspring, so the population moves in that
direction. The reason why most species
show stability is that these changes are
just little jiggles in the fullness of
geological time. Most of these little
fluctuations are very rapid and local and
likely to move back and forth, rotating
around small changes. Or you may find
ten or fifteen little local populations
within a species, with one of them
changing one way, another changing
another way. Those are all transient little
blips and flips. The local population,
unless it can achieve isolation and become
a separate species, is just sitting out there.
But the claim that most species are stable
is an empirical one. It is not predictable a
priori. In fact, most people construe
Darwinian theories as expecting the
opposite, whereas either result is
consistent with basic Darwinian logic.
Empirically, it looks as though the vast
majority of species are stable for millions
of years, by which I mean they fluctuate
back and forth – but when they die
millions of years after their origin they
don't look all that different from when
they began.

SUPPOSE THAT I PROPOSE TWO COMPETING
HYPOTHESES. ONE IS THAT THE "CLASSICAL",
OVERSIMPLIFIED CONCEPT OF NATURAL
SELECTION – IN WHICH THE FATE OF A SPECIES
DEPENDED ON ONE SINGLE TRAIT – HAS ONLY
HAPPENED 1,500 TIMES OVER HISTORY. THE
ALTERNATIVE IS THAT IT HAS HAPPENED ONE
TIME FOR EVERY EXISTING GENE IN ANY
EXISTING GENOME ON EARTH AT SOME POINT
IN ITS EVOLUTIONARY HISTORY. "IF WE HAVE
LONG EYELASHES, THEN EYELASH LENGTH
MUST HAVE MADE A SURVIVAL DIFFERENCE AT
SOME POINT IN SOME ENVIRONMENT." HOW
CAN WE ARBITRATE BETWEEN THESE TWO
STANDPOINTS?

I'm not sure you can always resolve
specific questions about the historical
value of a particular trait, unless you
could recover direct evidence; in this case,
I don't think you can – because you don't
find eyelashes in the fossil record.
However, certain inferences can be made.
You can study the genetics of eyelash
length in humans today. You might find,
for example, that there is no genetic
variation – in which case the question
wouldn't make a lot of sense. You might
find that this trait is affected by 50
different genes, at which point the inquiry
makes no sense, either. On the other hand,

you might find that eyelash length is
linked to certain other traits whose
significance we understand, or that the
trait is determined by one gene that
affects nothing else, at which point the
inquiry becomes more plausible. But
again, that would only give you an
indication. I'm not sure that in the absence
of detailed historical information, you are
going to be able to answer the question.

This is particularly true for certain human
traits like language or moral beliefs. We
really want to know where these
uniquenesses of our own species came
from, but these are still questions about
historical particulars rather than
challenges to the general theory. We
certainly didn't evolve a big brain so that
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we could read. But think of how central
reading this ability to human life today. A
lot of what is crucial to our current
existence is simply fortuitously coopted
from the capacity of brains that got big for
other reasons. 

At least in theory, I think we can pursue
the issue of where some aspects of
universal cognitive behaviour come from.
I despair at truly answering some key
questions, including the origin of
language. How are you going to get at this
issue? Language isn't fossilized, and to
talk about its development during
prehistory one is forced to make distant
inferences about, for example, the kind of
language required for a group of humans
to hunt mammals or fashion tools. But
you can at least study the mechanics of
brain action. 

IN THE STONES OF MARRAKECH, YOU GIVE AN
EXTENSIVE ACCOUNT OF THE POLITICAL AND
HISTORICAL CONTEXT OF GALILEO’S
IMPRISONMENT. WHAT GOT YOU HOOKED ON
THAT STORY? 

Galileo’s story is so interesting because
the canonical version – as a pure conflict
between science and religion – is so
wrong. I don’t have a tremendous
revisionary account of this incident;
Galileo was the hero, of course, and the
Pope’s reaction was unjustified. But you
have to realize that Galileo’s ordeal
unfolded in Rome in the middle of the
Thirty-years’ war. Catholicism was under
attack all over Europe. This was a tough
time, and Galileo was a notorious hot-
head. He and Urban VIII had been good
friends, and the Pope felt betrayed, and
not entirely wrongly. Galileo had official
permission to write about Copernicanism
as long as he treated the theory
hypothetically. All he needed to do was
write an honest dialogue between a
Copernican and a Ptolomean. Instead,

Galileo put Ptolomy's arguments into the
mouth of a character named Simplicio,
whose arguments were as bad as his
name. He didn't need to be so provocative
to prove his point. The Copernican system
would have triumphed even if he had
constructed a fair dialogue, because the
Copernican arguments were so much
better. 

ANOTHER THEME OF THE BOOK IS
"MARGINALIA" – THE CONTENTS OF THE
MARGINS OF GUETTARD AND LAVOISIER’S
WORK ON GEOLOGY, WHICH FOR THE FIRST
TIME REALLY INTRODUCE THE IDEA OF
GEOLOGICAL STRATA. DO YOU HAVE A
GENERAL INTEREST IN "MARGINS"?

It is the essayist's fundamental belief that
important conclusions flow from tiny,
seemingly-insignificant items. To reveal
something so apparently insignificant
that, at first, it passes beneath everyone's
notice. 

THE GALILEO STORY HAS THE SENSE OF PLACE
AND TIME THAT ONE FINDS IN REALLY GOOD
HISTORICAL FICTION. DO YOU HAVE OTHER
LITERARY ASPIRATIONS BEYOND THE GENRE
YOU CURRENTLY WORK IN?

The only way to convey a story like this is
to try to immerse myself into the context.
As for other ambitions, I'll do a book
about baseball at some point… But I have
no plans to experiment with fiction
because I suspect that I could not write
dialogue, an essential ingredient of most
fiction. It is so important to recognize
what you can't do. I love opera and
baseball, but I know I could never be an
opera star, or the New York Yankees'
center fielder. I don't mean that
negatively: the key to success lies in
understanding the things you can't do.


