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Campbell: How and why did you make the transition from aircraft engineer to evolutionary biologist?
Smith: I didn't realize when I was at school that being
a biologist was something you could do. I didn't learn
any science in school at all, formally. I went to read
engineering at the university and then the Second
World War came along. So I finished my engineering
degree, and was told to design airplanes. Mind you, I
quite enjoyed that. It really wasn't until after the war
that I decided I didn't want to spend the rest of my life
designing airplanes, and by that time, of course, I was
grown up. I had always been interested in biology, so
I went back and took a second degree in biology.
Campbell: You say you were always interested in
biology. Tell us about that.
Smith: I lived in London until I was eight years old.
There is not a lot of natural history in London, but I
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remember going to the Natural History Museum and
the zoo. When I was eight my father died, and I went
to live in the country. I started bird-watching, beetle
know, those things that kids do. I
collecting-you
have been obsessed by natural history ever since. The
real trick was to be able to fit together the two things
that I like doing-natural history and mathematics.
Fitting them together has been very, very fortunate.
Campbell: And how did you fit them together? How
does your background in math and engineering
affect your approach to biology?
Smith: I planned my education quite deliberately, with
my eyes open. I was 28 when I went back to school
after the war. I chose University College, London,
because I knew that J.B.S. Haldane was there. He was
one of the great figures in the application of mathematics to biology, and one of the people who really
transformed the way we see evolution by showing
that you can make a marriage of evolution and genetics. He did so effectively by using very simple-minded
mathematics. I sort of learned by copying him, I
suppose.
Campbell: This also influenced your interest in biological origins?
Smith: Yes! Haldane wrote a famous paper about the
origin of life back in 1930 or so. He talked about the
sea being a primitive soup.
Campbell: What do you think are the most interesting questions in evolutionary biology today?
Smith: At the moment I don't think we are looking for
a completely new way of understanding evolution. I
think the basic theory is fine, but there are lots of
particular problems. The two that I am really interested in are at opposite ends of evolution, oddly
enough. One is the origin and evolution of human
language, and the other is the evolution of bacteria.
Bacterial evolution is particularly important right
now. And it is also nice to study because bacteria have
a short generation time-they get on with it. You don't
have to wait for millions of years for something to
happen.
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My recent trip to southern
England was a Darwinian
adventure. The itinerary included a pilgrimage to the
Si | e > >iii 7
town of Downe to tour Darwin's home (now a museum)
anda visit to the University
of Sussex to meet John Maynard Smith, one of the most
importantevolutionary biologists since Darwin. In fact,
the Royal Society of London
awardedthe Darwin Medal to
Dr. Maynard Smith for his
research on the evolution of
John Maynard Smith
sex. Professor Maynard Smith has also pioneered the
applicationof game theory to evolutionary biology. One of
this textbook'sthemes is the interdisciplinarycharacterof
biology, and John Maynard Smith's career is a grand
example. He arrived at biology as an engineer and mathematician, and his research extends biology to the social
sciences and humanities.

Campbell: One of the problems you work on in
bacterial evolution is drug resistance. What are some
of the medical implications of this work?
Smith:The medical implications are very serious and
in some ways tragic. More and more bacteria are
becoming resistantto the antibioticswe use to control
them. I believe that in the United States,you now have
a problem with tuberculosis being drug-resistant.A
number of other diseases that until recently were
thought very readily controlled by antibiotics are
ceasing to be so. This is because the bacteria have
evolved a resistance to the drugs that physicians are
using. We can't go on indefinitely finding new drugs
that bacteria aren't resistant to. It is a very serious
practicalproblem.

Campbell: Are the consequences of this really the
ability to transmit information?
Smith:Yes, I think so. It is a very odd fact that until
relatively recently, although humans had become
erect and physically like us, and their brains had
gotten bigger, and so on, they were incrediblyconservative in the tools they used. The same kind of hand
ax was made for a quarterof a million years. It is an
unbelievable fact, but it's true. Then suddenly, about
50,000years ago, people became very inventive. They
refined fishhooks, needles, painting on the walls,
burial of the dead, figurines, and spears. All sorts of
new things suddenly started happening. What on
Earthhappened 50,000 years ago to make this possible? I think most of the people who have thought
about this seriously have come to the conclusion that
the only answer that makes sense is language-it
helps you to think. Just try thinking without words.
Campbell:Yourresearchon this topic is one example
of how evolutionary biology connects the social
sciences and the humanities. While biology can help
us understand ourselves, the ideas of biology are
sometimes distorted to justify a particular social or
economic agenda. For example, is evolutionary theory still abused in the form of social Darwinism?
Smith: I am tempted to say we have lived through
much of this in Britainin the last 15 years. In some

Campbell: Another issue you have thought a lot
about is the origin and maintenance of sex. Why is
sex such an interesting problem in evolutionary
biology?
Smith: I think my contribution to the study of the
evolution of sex has largely been to ask questions
about the points I feel are puzzling ratherthan to find
answers. One can see what's puzzling if one asks,
"Whatis essential about sex?"One talks about sex for
reproduction,but in fact sex and reproductionare the
precise opposites of one another. Reproductionis a
processby which one cell turnsinto two, and sex is the
process whereby two cells turn into one. Now, if you
are a Darwinist and think that those organisms that
multiply most successfullywill in some sense outcompete the ones that don't multiply successfully,what on
Earthis the point in stopping multiplying and actually
reducing the number of individuals by two individuals fusing? It is a very puzzling phenomenon when
one looks at it that way. Exceptfor a few parthenogenetic organisms, sex is universal in the sense that all
existing eukaryotes are either themselves sexual or
descended from something sexual and became asexual later in their evolution. In other words, sexual
reproductionseems to be the primitive condition for
all eukaryotes.
Campbell: If not reproduction, then what does sex
accomplish?
Smith: I take the simple-minded view, which is that
the great advantage of sex is an advantage to a
population rather than to an individual. The advantage is that the population can evolve more. If two
favorablemutationsoccurin two differentmembersof
the population and they have sex, those two favorable
mutationscan come togetherin a single descendant.If
they don't have sex, the mutations can't come together.And when you do calculations,it turns out that
sex can have a very considerableeffectin accelerating
the rate at which populations evolve in response to
changing circumstances.I think the data support this
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Campbell: Can you tell us a little bit more about
your interest in the origin of language?
Smith:It arose because a young Hungariancolleague
and I were trying to write a book about what we call
"the majortransitions."These include all the very big
changes, like the origin of life itself, the origin of cells,
the origin of chromosomes,the origin of multicellular
organisms. The last big transition is the origin of
humans. The one thing that really separates us from
other animals is our ability to talk. There is no other
fundamentaldifferencebetween us and chimpanzees.

sense, the extremeAdam Smith-typeThatcherismthat
we have been exposed to in Britainis an applicationof
evolutionary biology in which there is no such thing
as society; what matters is success and beating the
other guy. I can't believe that such an application of
the ideas has had a healthy effectupon moral attitudes
in Britainor anywhere else. I think we need to have
more ideas of cooperation and love, if you like. Just
the idea that all that matters is me, all that matters is
making money, is deeply distressful. And I do think
that this is ultimatelya naive applicationof Darwinian
ideas. I have never thought that you could decide how
to run human society by looking at Darwinism-nor
did Darwin, for that matter.

view in that very few species of eukaryoteshave been
asexual for a very long time, in evolutionary terms.
Some species may have been asexual for perhaps
thousands or maybe even tens of thousands of years,
but there probably aren't very many organisms that
have been asexual for longer than that. Asexuality
seems to work fine for a time and then the world
changes, they can't change, and the population goes
extinct. I think that is what maintainssex-that's why
asexual populations are rare and relatively young.
I don't think the maintenanceof sex is as difficulta
problem as its origin. I suspect that sex originatedjust
once.
Campbell: Can you speculate on how sex began?

Campbell: You mentioned that there are animals in
which parthenogenesis evolved secondarily, such as
some species of rotifers and some lizards. How do
they manage to be successful without sex?
Smith: Well, I think the situations with asexual lizards
and rotifers are very different. Cnemidophorusuniparens, which are parthenogenic lizards, are a single

Campbell: A topic related to sex is gender. What's
the biological distinction between females and
males?
Smith: I think it is important to distinguish between
two kinds of eukaryotic sex. There's eukaryotic sex
without any gender difference.There are two mating
types, plus and minus, and the new individual is
formed by the fusion of a plus gamete and a minus
gamete. In this case there is no gender difference.You
can't say "That'sthe male, that's the female,"but you
do have sex in the sense that a new individual starts
from the fusion of two differentcells. Chlamydomonas
and parameciahave this kind of eukaryoticsex.
The other kind of eukaryoticsex, which we refer to
as anisogamy (unequal gametes), is where one sex
produces large nonmotile gametes with lots of food
reserves in them, and the other sex produces small
motile gametes. A new individual has to start from a
fusion of those two. In these species, a female is simply
defined as an organism that produces a large gamete,
and a male is defined as one that produces a small
gamete.
Campbell: Why are there only two sexes in most
species? Why not three or four or 10 different sexes?
Smith: I think to answer that, one has to ask, "How
would you have three sexes?"There are two possible
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Smith:The most plausible guess that I can make about
the origin of sex goes something like this.
The first stage was a population of organismssomewhere that had a haploid/diploid lifecycle. Perhaps
part of the year they were diploid (with two sets of
chromosomes),and then they became haploid (having
a single set of chromosomes).Thereare circumstances
in which it is beneficial for an organism to be diploid-notably, if there is a lot of ionizing radiation
about. If there are two copies of the chromosome set,
an organism can repair DNA damage by comparing
one set with the other. Haploid organisms are at a
disadvantagebecause they have only one copy, and if
it is damaged, they haven't got anothercopy to use to
tell them how to repairit. However, haploids do have
advantages;for example, they can grow faster.
I imagine an organism that had a haploid/diploid
lifecycle but no sex. When it had to go from being
diploid to haploid, it would just undergo what we
now call meiosis, which halves the number of chromosomes. When it had to become diploid again, it
would just double its chromosomes without the cell
dividing. I can then see it evolving into a sexual
organismby replacingthe process whereby it doubled
its chromosomes and became diploid with the fusion
of two haploid cells. The advantage is that if two
different haploid cells have different mutation damage, when they fuse, they cover up each other's
weaknesses. It's what I call the engine and gearbox
theory of sex-you combine two clapped-out motor
carsand make one functionalmotor car out of them by
taking the engine out of one and the gearboxout of the
other. But it's all terriblyspeculative.

clone-they are all female. You can take scales of any
one member of that species and graft them onto any
other one and they stay on. In other words, it is a
genetically homogeneous population that probably
evolved quite recently,thousands of years ratherthan
tens of thousands of years ago, I would guess. I find
no problem with that. However, I would predict that
if I came back in one million years, the population
would be gone. The world would have changed and
the species would not have been able to evolve to meet
the changes.
Deloid rotifers,on the other hand, are a much more
difficult problem because they are probably tens of
millions of years old and nobody has ever seen a male.
At the moment, there are two views on this. One is
that they are genuinely asexual. Although they have
radiated out and produced many, many species and
genera,they have done so without sex. The other view
is that they have found some kind of secret way to
exchange genes. Perhaps they have some kind of
cryptic male, or they are using viruses to pass genes.
This is an answerable question. There are molecular
biology techniquesthat I believe will tell us in the next
few years whether they are genuinely asexual. The
story on the grapevine is they probablyare-there are
no cryptic males, there are no secret methods. If so,
then how have rotifers existed so long as asexual
organisms?This is a very real problem.

things that might happen. One would be that the new
individual is formed from the genetic material from
only two of the sexes, and the third sex is some kind of
nurse. That'swhat happens in an ant's nest. The other
alternativewould be that every new individual has to
start from the fusion of genetic material from three
kinds of parents:a male, a female and a zombie if you
like. Sex is hard enough. In orderto get sex to work, an
individual has to produce a gamete with exactly half
the chromosomenumber.Imaginehaving three sets of
chromosomes and producing a gamete with only one
of them! Imagine evolving that!Thereis nothing to be
gained by having three sexes that I can see, and it
would be incrediblydifficultto evolve the cell division
that gave you one-third of the genes, and exactly the
right third.
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Campbell: You've also worked on the problem of
sexual selection. Tell us about that research.
Smith: The idea of sexual selection goes back to
Darwin, who said that it would really take two forms.
One form would be the members of a single sex,
usually males, competing with one anotherfor access
to the membersof the other sex. Clearlythis happens.
The form that has puzzled people a lot more is the
idea of female choice, which is that females choose to
mate with one male instead of another. That has
puzzled people because they couldn't understand
how a female could choose and what would be in it for
her if she did.
Oddly enough, one of the experimentsI did in the
1950s answered both these questions for Drosophila
melanogaster,the common fruit fly in Britain. The
females I found mate with healthy males and do not
mate with inbred males or old males, sick males, or
males that can'tsee very well. It really pays them to do
this because they have better offspring if they're
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Campbell: Why, in most species, is the male-tofemale ratio close to one-to-one?
Smith:This is an interesting question. Clearly, if you
wanted to arrangefor the population to have as many
offspringas possible, you would have 10, 20 times as
many females as males. Each male could then easily
fertilizemaybe 20 females. But let's say, using humans
as an example, that women were allowed to choose
the sex of each child with the requirementthat they
should choose so as to maximize the number of their
own grandchildren.What would happen? Clearly, if
the other women were mostly choosing to have

daughters,you should have sons because individuals
of whichever is the rarersex will have more children.
If everybody else is choosing to have sons, you would
choose daughters. Supposing there are 100 females
and only 50 males. On average,each male gets to mate
with two females, and he could have twice as many
children as each female. The only stable state is when
there is an equal number of both boys and girls.

choosy. How do they do it? They do it by dancing.
What happens is the male sees the female and he
comes and faces her. When he is facing her, the female
darts quickly to one side and the male has to dart
sideways and keep on facing her. Thereis a very quick
dance with the female going from side to side and the
male following her. If he succeeds in facing her for a
few passages, she stands still and mating takes place.
If he is inbred or aged he falls behind, he can't keep
up, and the female just flies away. So the female is
selecting which male she mates with. She is doing it by
dancing, and it pays off in healthieroffspring.

Campbell: We speak of natural selection and many
other wide-ranging sets of ideas in science as "theories." Students are sometimes confused by the use
of the term theory in this context. What does theory
mean in science?
Smith: Well, the first thing to say is that all science
consists of theory; it's not peculiar to evolutionary

Campbell: As theories go, Darwinism still seems to
be a lot less appealing to many people than mythical
versions of origins. Why do you think that is?
Smith:If you think about it, every one of the world's
great religions has a creationstory. The function of a
creationstory in a religion is to convey some kind of
moral message, to put man in place in nature.Usually
this message is to say that humans are some very
special concern of the creator.That is the message of
the creationstory I am most familiarwith, the Christian creation story. God created all the other animals
on one day, and so humans are very special, right?
And then He gave us special charges and instructions
and such. That is the function of the creationstory, to
tell people who they are, what their moral responsibilities are, and that the creator really minds about
them.
Darwinismisn't that kind of theory, and it certainly
doesn't say that there is anything special about humans. It doesn't tell us what is right and wrong, where
we're going, or anythingof that kind. It is nevertheless
a story about origins. It is telling us where we come
from, but it is telling that in a quite amoral way.
People are very uncomfortablewith this, as I know,
having taught evolution.
Campbell: You wrote that Darwin made it possible
for us to see nature simultaneously with the eyes of
a child and a philosopher. Can you explain?
Smith:Darwin was a supreme naturalist,you understand. Darwin came to this business not originallyout
of any deep philosophical concerns but simply because he was fascinated by natural history. All
through his life he did beautiful work in natural
history-on earthworms,on orchids, on coral reefsyou name it, he thought about it. He had, I take it, a
child's wonder at nature. To look at nature is astonishing, it really is. If you can look at birds or wildflowers and don't feel a sense of wonder, then something's
a bit wrong. And yet you can also think about nature
like a scientist, a philosopher, or, in my case, a
mathematician:You can reason about nature,and you
can deduce things about it. It is that combinationI find
in my life, and I think Darwin made that possible.
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Campbell: The theory of punctuated equilibrium
has captured much attention among evolutionary
biologists. What is punctuated equilibrium, and
does it pose a problem for the basic Darwinian view
of life?
Smith:This is a difficultquestion to answer because I
don't think the proponents of punctuatedequilibrium
are particularlylucid in telling us just what they think.
The factual argument, which most of us probably
would now accept, is that if you look at fossil records
you do not see continuous gradual change. Instead
you see what they call stasis, which is populations
changing very little indeed for long periods of time
and then changing in really rathersudden transitions.
But understand when we talk about a sudden transition, we are not talking about 10 years or 1000 years.
Something that takes 100,000years is sudden in geological terms. On this scale of time, there is nothing
wildly new about the idea of relatively rapid origin of
species-you find a lot of this idea in George Gaylord
Simpson's work in the 1940s and 1950s. It certainly
does not, as I see it, challenge Darwinism. I am not
saying it is uninteresting,but it just doesn't make a big
difference in the way we see evolution. What would
make a big differencewould be if when those transitions took place, they took place by processes other
than by natural selection operating on random variation within populations. It has never been clear to me
whether the proponents of punctuated equilibrium
actually believe there is some profoundly different
process that happens during those punctuational
events. Until they answer that question, I have no
doubt that, basically, Darwin got it right.

biology. The differencebetween a scientifictheory and
an idea like a political philosophy or a religious belief
is that you can test scientific theories; they have
consequences. You can say, "If my theory is correct,
then so-and-so,"and you can go out and see whether
the so-and-so is the case. If it isn't, you've got to forget
about your theory. There are plenty of false theories,
as well as correctones. The real point is that theories
should be testable.

